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1. Purpose

This calculation establishes the basis for technical specifications and setpoints of the vital 4kV
busses' First Level Undervoltage Relays and Second Level Undervoltage Relays (referred to as
FLUR and SLUR respectively throughout this calculation). This calculation supports the
resolution of notification 50301167 and the replacement of the Unit 1 and Unit 2 First Level and
Second Level Undervoltage Relays (FLUR and SLUR). A licence amendment request will be
submitted to the NRC requesting approval for replacing the FLUR's and SLUR's with models of
greater accuracy and for re-designing the relay logic to address outstanding concerns over the
adequacy of the equipment protection provided by the FLUR's and SLUR's.

The First Level Undervoltage Protection consists of the 27HxB2 (Transfer to startup & diesel
start) relays, the 27HxT1 (Time Delay Load Shed) relay and the 27HxT2 (Instantaneous Load
Shed permissive) relay. The subject modification will change the make and model for the FLUR
Instantaneous Load Shed Relay (27HxT2) and the FLUR Time Delay Load Shed Relay
(27HxT1). The FLUR Time Delay Load Shed Relay will now be made up of 3 independent relays
for each bus (27HxT1A, 27HxT1B, 27HxT1 C). Each relay will initiate load shed timing at different
levels of voltage degradation on the bus (LOW VOLTAGE, LOW-LOW VOLTAGE & LOSS OF
VOLTAGE) respectively. The FLUR relay responsible for transfer to startup and diesel start
(27HxB2) will not be modified, however its tech spec and setpoint basis are included as part of
this calculation. For the 27H*B2 relays, the pickup setpoint is not adjustable and it is a function of
dropout. This calculation also provides an analysis of relay performance of the 27H*B2 relays
based on recent calibration data.

The Second Level Undervoltage (Voltage Sensing) Relays and their associated timers will also
be replaced with more accurate models. The setpoints will be changed to enhance equipment
protection and optimize availability of offsite power. The Tech Spec limits for the SLUR setpoints
will not be changed.

Throughout this document, the under-voltage setpoint activated due to drop in the bus voltage is
referred to as "dropout setpoint" and the reset activated due to rise in bus voltage is referred to
as "pickup setpoint". This calculation also computes the burden on each potential transformer
that reduces the 4kV bus voltage to -120VAC measurable signal.

The following devices are within the scope of this calculation:

Table 1.1

FLOC Description Make Model Location

DC-1/2-63-E-XF-SHF(G,H)12PT Potential Transformer GE JVM-3 A- 119
DC-1/2-63-E-R-27HF(G,H)B3 SLUR Relay ABB 59N A-119
DC- I/2-63-E-R-27HF(G,H)B4 SLUR Relay ABB 59N A-119
DC-1/2-63-E-R-62HF(G,H)3A SLUR Timer (EDG Start) ABB 62T A-119
DC-1/2-63-E-R-62HF(G,H)3B SLUR Timer (EDG Start) ABB 62T A-1 19
DC-1/2-63-E-R-27HF(G,H)T1A FLUR (Time Delayed Load Shed ABB 27N A-1 19

LOW VOLTAGE)
DC-1/2-63-E-R-27HF(G,H)T1B FLUR (Time Delayed Load Shed ABB 27N A-119

LOW-LOW VOLTAGE)
DC-I/2-63-E-R-27HF(G,H)T1C FLUR (Time Delayed Load Shed ABB 27N A-1 19

LOSS OF VOLTAGE)
DC-1/2-63-E-R-27HF(G,H)T2 FLUR (Instantaneous Load Shed) ABB 59N A-119
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2. Background

Per FSAR Section 8.3.1.1.8.2, the DCPP emergency electrical power system including each vital
bus and its control protection, and instrumentation was originally designed in accordance with
IEEE Standards 308-1971 and 279-1971. These standards required loss of voltage detection
and initiation of protection signals which were implemented via a first level of undervoltage
protection. The original design function of this first level of undervoltage protection was detection
and recovery of loss of voltage.

PG&E received additional requirements for a second level of undervoltage protection relays in a
letter from the NRC dated November 22, 1977. These requirements were reflected in DCPP
SSER 9. The following discussion defines each criteria and how it is satisfied by the FLUR/SLUR
relays or a DCPP calculation or analysis.

(1) We require that a second level of voltage protection for the onsite power system be provided and
that this second level of voltage protection shall satisfy the following requirements:

a) The selection of voltage and time set points shall be determined from an analysis of the
voltage requirements of the safety-related loads at all onsite steam distribution levels;

* Voltage studies have been performed of vital 4kV motor starting and steady state
loading to determine motor protective device trip times and adequacy in
calculation 170-DC [ref. 12.1.58]. These trip times have been considered in
establishing FLUR and SLUR load shed setpoints.

" Voltage studies have been performed of vital 480VAC loads for starting and
steady state to determine motor protective device trip times and adequacy in
calculation 9000041185 [ref. 12.1.59]. These trip times have been considered in
establishing FLUR and SLUR load shed setpoings.

* Voltage studies have been performed of vital loads fed at each vital power
distribution level by fuses in calculation 9000041186 [ref. 12.1.60]. Impacts of
degraded voltage on vital loads fed by fuses have been considred in establishing
FLUR and SLUR load shed setpoints.

b) The voltage protection shall include coincidence logic to preclude spurious trips of the
offsite power source;

• The FLUR relays require a 2 out of 2 coincident logic in order to load shed the
vital 4kV busses.

* The SLUR relays require a 2 out of 2 coincident logic in order to load shed the
vital 4kV busses and start the emergency diesel generators.

c) The time delay selection shall be based on the following conditions:

(i) The allowable time delay, including margin, shall not exceed the maximum time
delay that is assumed in the FSAR accident analyses;
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Per Notification 50301167 Task 18 and Design Input Transmittal 50301167-1-
0, Westinghouse has evaluated the impact of the maximum SLUR load shed
time delay on the DCPP safety analyses. This calculation ensures that all
relay actuations (including setpoint and uncertainty) occur within the 20
second SLUR load shed Tech Spec limit assumed in the safety analyses.

(ii) The time delay shall minimize the effect of short duration disturbances from
reducing the availability of the offsite power source(s);

- The adequacy of the SLUR and FLUR relay time delays and their impact on
the availability of the offsite power source is evaluated in calculation 359-DC.

(iii) The allowable time duration of a degraded voltage condition at all distribution
system levels shall not result in failure of safety systems or components;

* Calculation 170-DC [ref. 12.2.10] will take the voltage and time setpoints for
the FLUR and SLUR relays and determine adequacy of motor protection for
vital 4kV loads.

• Calculation 9000041185 [ref. 12.2.11] will take the voltage and time setpoints
for the FLUR and SLUR relays and determine adequacy of load protection for
vital 480VAC loads.

* Calculation 9000041186 [ref. 12.1.60] will take setpoints from this calculation
and determine adequacy of load protection for loads fed by vital fuses.

(iv) The voltage sensors shall automatically initiate the disconnection of offsite power
sources whenever the voltage set point and time delay limits have been
exceeded;

The following description of the FLUR and SLUR relay functions describe the
automatic actions of these relays.

FLUR

The first level under-voltage protection relays (FLUR) detect the degraded and the
loss of voltage conditions on the vital 4.16Kv busses. The first level under-voltage
protection relays are made up of 5 different relays each with its own voltage
sensing setpoint and time delay.

The 27HxB2 relay is a microprocessor based relay with a three step voltage vs
time profile. This relay is responsible for initiating the transfer to start up and
diesel generator start signals when its voltage and time setpoints are met. After a
sufficient time delay they allow the transfer of vital busses to the startup
transformer. Diesel generators are automatically started on sustained bus under-
voltage.

The 27HxTIA, B and C relays provide a three tier voltage vs. time profile for load
shedding the vital 4kV bus. The 27HxT1A detects low vital bus voltage, the
27HxT1 B detects low-low vital bus voltage and the 27HxT1 C detects loss of vital
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bus voltage. The time delay associated with each "TI" relay decreases with lower
bus voltage setpoint.

The 27HxT2 relay is an instantaneous relay with one voltage setpoint. The
function of the "T2" relay is to provide coincidence logic to preclude spurious trips
of the offsite power sources. Actuation of either of the three "TI" relays and the
"T2" relay will load shed the respective vital 4.16Kv bus. If the transfer to the
Startup Transformer is unsuccessful, the FLURs will shed the vital bus motor
loads. Diesel breaker closing is time delayed approximately 2 seconds to allow the
motor breakers to trip and bus voltage to decay. After the diesel generator breaker
closes, the vital bus will be loaded in a predetermined sequence.

SLUR

The second level undervoltage relays (SLUR) detect bus voltage approaching the
3785V limit (approximately 90% of bus voltage) and provide diesel generator start
and vital 4.16kV bus load shed signals. The 3785V setting is based on NRC
second level undervoltage relay setting requirements [Ref. 12.1.12, page 43].
The second level under-voltage protection relays are made up of 4 different relays
each with its own voltage sensing setpoint and time delay.

The 27HxB3 relay is a solid state near instantaneous relay with one voltage
setpoint. Similarly the 27HxB4 relay is also a solid state near instantaneous relay
with one voltage setpoint. Together these relays provide undervoltage protection
and two out of two coincidence logic is required to preclude spurious trips of the
offsite power sources. When the coincidence logic is made up, the undervoltage
signal initiates two separate timing relays 62Hx3A and 62Hx3B.

The 62Hx3A relay initiates diesel start after a maximum time delay of 10 seconds.
This maximum time delay for diesel starts is accounted for in DCPP's accident
analyses.

The 62Hx3B relay initiates vital 4.16kV bus load shed after a maximum time delay
of 20 seconds. The maximum time delay of 20 seconds is based on allowed short
time overheating of motors due to undervoltage. This time is based on motor
manufacturer's maximum motor starting time of 20 seconds [Ref. 12.1.12].

(v) The voltage sensors shall be designed to satisfy the applicable requirements of
IEEE Std. 279-1971, "Criteria for Protection Systems for Nuclear Power
Generating Stations;" and

Per FSAR Section 8.3.1.1.8.2, the DCPP emergency electrical power system
including each vital bus and its control protection, and instrumentation was
originally designed in accordance with IEEE Standards 308-1971 and 279-
1971.
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(vi) The Technical Specification shall include limiting condition for operation,
surveillance requirements, trip setpoints with minimum and maximum limits,
and allowable values for the second-level voltage protection sensors and
associated time delay devices.

DCPP TS 3.3.5.3 provides a minimum voltage value for the FLUR and
SLUR TS limits. Calculation 357S-DC establishes the technical
specification bases, TS minimum voltage and maximum time delay
limits and allowable maximum and minimum as-found values for the
FLUR/SLUR calibration acceptance criteria. NUREG-1431 provides a
minimum and maximum voltage value for the FLUR and SLUR TS
limits. DCPP technical specifications have never had maximum limits
for the FLUR/SLUR voltage sensing trip setpoints. A maximum setpoint
would be non-conservative in that it would reduce the margin available
for offsite power availability. The configuration at DCPP was approved
in SSER 9. Additionally, a review of industry technical specifications
concluded that the following plants provide only a minimum voltage
value for the FLUR and SLUR TS limits: Catawba Units 1 and 2,
Braidwood Units 1 and 2, Beaver Valley Units 1 and 2, Millstone Unit 3,
McGuire Units 1 and 2, Indian Point Unit 3, Point Beach Units 1 and 2,
Salem Unit 1, Seabrook Unit 1, Sequoyah Unit 1, South Texas Units 1
and 2, Summer Unit 1, Vogtle Units 1 and 2, and Wolf Creek Unit 1.
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BLOCK DIAGRAM:

The following
simplified block
diagram depicts the
function of each
relay and the
analytical limits
associated with
voltage dropout and
time delay settings.

Tables 2.1 & 2.2
summarize the
setpoint of each.
device and provides
analytical limits as
referenced on the
block diagram.

SLUR 62H*3A
: 3785VAC < 10 Sec SR 3.3.5.3.b) Percent of

SBus Voltage

Diesel Start _91%

Load Shed K / 91%

3785VAC < 20 Sec SR 3.3.5.3.b)(Tech Spec Limit:
62H*3B

FLUR

27H*T2

Load
iShed

- 82%

- 80%

- 75%

- 65%

- 62%

- 26%

- 0%

(Analytical Limit: 2704 VAC < 4 Sec)
27H*T1C

27H*B2

Transfer to SU & Diesel
No, Start

('LOW Voltage" Tech Spec Liit: 2583VAC < 10 Sec SR 3.3.5.3.a)

("LOW-LOW Voltage" Nominal Setpoint: 1070VAC < 1.9 Sec)

("LOSS ofVoltage" Tech Spec Limit: 0VAC < 0.8 Sec SR 3.3.5.3.a)
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Table 2.1, FLUR & SLUR Setpoint Summary

Undervoltage PT Bus Equivalent Time Delay

Setpoint Ratio* Voltage Setpoint (Sec) Analytical Limit
(VAC)

27P: 76.3 27P: 2667 27P: 4.7 27P: 2583V @ < 10 sec
1-27HFB2. 127P: 30.6 34.951 127P: 1070 127P: 1.9 127P: NA

27X: 23.4 27X: 818 27X: 0.65 27X: OV @ < 0.8 sec
27P: 76.3 27P: 2667 27P: 4.7 27P: 2583V @ < 10 sec

1-27HGB2 127P: 30.6 34.951 127P: 1070 127P: 1.9 127P: NA
27X: 23.4 27X: 818 27X: 0.65 27X: OV @ < 0.8 sec
27P: 76.3 27P: 2667 27P: 4.7 27P: 2583V @ < 10 sec

1-27HHB2 127P: 30.6 34.951 127P: 1070 127P: 1.9 127P: NA
27X: 23.4 27X: 818 27X: 0.65 27X: OV @R < 0.8 sec

1-27HFTIA 96.5 34.951 3373 8 sec 3328V @ < 10 Sec
1-27HGT1A 96.5 34.951 3373 8 sec .3328V @< 10 Sec
1-27HHTIA 96.5 34.951 3373 8 sec 3328V @< 10 Sec
1-27HFTIB 90.5 34.951 3163 5 sec 3120V @ < 6 Sec
1-27HGTIB 90.5 34.951 3163 5 sec 3120V @ < 6 Sec
1-27HHTIB 90.5 34.951 3163 5 sec 3120V @ < 6 Sec
1-27HFTIC 78.6 34.951 2747 3 sec 2704V @ < 4 Sec
1-27HGTIC 78.6 34.951 2747 3 sec 2704V @ < 4 Sec
1-27HHTIC 78.6 34.951 2747 3 sec 2704V @ < 4 Sec
1-27HFT2 98 35.182 3448 NA 3411V
1-27HGT2 98 35.287 3458 NA 3411V
1-27lHHT2 98 35.224 3452 NA 3411V
1-27HFB3 109.25 34.951 3818 See 1-62HF3A/B 3785V @ < 10 sec EDG Start & < 20 Sec Load Shed
1-27HGB3 109.25 34.951 3818 See 1-62HG3A/B 3785V @ < 10 sec EDG Start & < 20 Sec Load Shed
1-27HHB3 109.25 34.951 3818 See 1-62HH3A/B 3785V @ < 10 sec EDG Start & < 20 Sec Load Shed
1-27HFB4 109.25 35.182 3844 See 1-62HF3A/B 3785V @ < 10 sec EDG Start & < 20 Sec Load Shed
1-27HGB4 109.25 35.287 3855 See 1-62HG3A/B 3785V @ < 10 sec EDG Start & < 20 Sec Load Shed
1-27HHB4 109.25 35.224 3848 See 1-62HH3A/B 3785V @ < 10 sec EDG Start & < 20 Sec Load Shed
1-62HF3A NA NA NA 8.5 sec <10 sec EDG Start
1-62HG3A NA NA NA 8.5 sec <.10 sec EDG Start
1-62HH3A NA NA NA 8.5 sec <10 sec EDG Start
1-62HF3B NA NA NA 18.5 sec <20 sec Load shed
1-62HG3B NA NA NA 18.5 sec <20 sec Load shed
1-62HH3B NA NA NA 18.5 sec <20 sec Load shed

27P: 76.3 27P: 2667 27P: 4.7 27P: 2583V @ < 10 sec
2-27HFB2 127P: 30.6 34.951 127P: 1070 127P: 1.9 127P: NA

27X: 23.4 27X: 818 27X: 0.65 27X: OV @ < 0.8 sec
27P: 76.3 27P: 2667 27P: 4.7 27P: 2583V @ < 10 sec

2-27HGB2 127P: 30.6 34.951 127P: 1070 127P: 1.9 127P: NA
27X: 23.4 27X: 818 27X: 0.65 27X: OV @P < 0.8 sec
27P: 76.3 27P: 2667 27P: 4.7 27P: 2583V @ < 10 sec

2-27HHB2 127P: 30.6 34.951 127P: 1070 127P: 1.9 127P: NA
27X: 23.4 27X: 818 27X: 0.65 27X: OV @ < 0.8 sec

2-27HFTIA 96.5 34.951 3373 8 sec 3328V (@ < 10 Sec
2-27HGTIA 96.5 34.951 3373 8 sec 3328V a < 10 Sec
2-27HHT1A 96.5 34.951 3373 8 sec 3328V @ < 10 Sec
2-27HFT1B 90.5 34.951 3163 5 sec 3120V A < 6 Sec
2-27HGTIB 90.5 34.951 3163 5 sec 3120V @ < 6 Sec
2-27HHT1B 90.5 34.951 3163 5 sec 3120V @ < 6 Sec
2-27HFTIC 78.6 34.951 2747 3 sec 2704V @ < 4 See
2-27HGTIC 78.6 34.951 2747 3 sec 2704V @ < 4 Sec
2-27HHT1C 78.6 34.951 2747 3 sec 2704V @ < 4 Sec
2-27HFT2 98 35.182 3448 NA 3411V
2-27HGT2 98 35.287 3458 NA 3411V
2-27HHT2 98 35.224 3452 NA 3411V
2-27HFB3 109.25 34.951 3818 See 2-62HF3A/B 3785V @ < 10 sec EDG Start & < 20 Sec Load Shed
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2-27HGB3 109.25 34.951 3818 See 2-62HG3A/B 3785V @ < 10 sec EDG Start & < 20 Sec Load Shed
2-27HHB3 109.25 34.951 3818 See 2-62HH3A/B 3785V @4 < 10 sec EDG Start & < 20 Sec Load Shed
2-27HFB4 109.25 35.182 3843 See 2-62HF3A/B 3785V @ < 10 sec EDG Start & < 20 Sec Load Shed
2-27HGB4 109.25 35.287 3855 See 2-62HG3A/B 3785V P < 10 sec EDG Start & < 20 Sec Load Shed
2-27HHB4 109.25 35.224 3848 See 2-62HH3A/B 3785V @ < 10 sec EDG Start & < 20 Sec Load Shed
2-62HF3A NA NA NA 8.5 sec <10 sec EDG Start
2-62HG3A NA NA NA 8.5 sec <10 sec EDG Start
2-62HH3A NA NA NA 8.5 sec <10 sec EDG Start
2-62HF3B NA NA NA 18.5 sec <20 sec Load shed
2-62HG3B NA NA NA 18.5 sec <20 sec Load shed
2-62HH3B NA NA NA 18.5 sec <20 sec Load shed
* PT Ratio is from Attachment "1"

3. Assumptions

3.1. The undervoltage relays are located in the turbine building, Area "A" elevation 119' in the
4KV switchgear room [FLOC]. The normal operation profile in this room is specified to be
within 390F(3.90C) to 104 0F(400C) [Ref. 12.1.10]. Following a high energy line break, the
maximum temperature in the 4KV switchgear room is calculated to be 95.30F(35.20C)
[Ref. 12.1.55 & Attachment 7]. Therefore, for the purpose of calculating the temperature
effect on these relays the upper limit of 95.30F(35.20C) will be used. The DCM T-20 lower
temperature limit of 390F(3.90C) is based on lowest ambient temperature recorded'from
1973 to 1982. Since the 4KV switchgear room is sufficiently isolated from outside
environment and the relays are located in cabinets with energized components, it will be
assumed that the lowest temperature these switches are exposed to is 50°F(10 0 C). The
range of extreme temperatures for these switches is 95.30F(35.20C) - 500F(10 0C) =
45.30F(25.20 F).

3.2. Basler does not specify a temperature effect for the BE1 relays for both the undervoltage
and timing functions. Since the relays are located in a mild environment [see paragraph
3.1], it will be assumed that relay reference accuracy includes any temperature effect.

3.3. Maintenance Procedure MP E-50.61 [Ref. 12.1.6] was written for the old style 27H*T1
relays Basler BE1-27. The new ABB 27N relays do not have a maintenance procedure
yet however it will be assumed that the same measurement and test equipment used to
calibrate in MP E-50.61 will be used to calibrate the voltage dropout and pickup functions
of the new ABB 27N relays. In addition the ABB 27N relays will have a time delay
function that must be calibrated. It is assumed that the M&TE specified in MP E-50.30B
[Ref. 12.1.5] for calibrating the time delay of Agastat ETR relays will be used.

3.4. Maintenance Procedure MP E-50.33A [Ref.12.1.4] was written for the old style 27H*T2,
27H*B3 and 27H*B4 relays Westinghouse SSV-T. The new ABB 59N relays do not have
a maintenance procedure yet. However it will be assumed that the same measurement
and test equipment used to calibrate in MP E-50.33A will be used to calibrate the voltage
dropout and pickup functions of the new ABB 59N relays. In addition the ABB 59N relays
will have a time delay function that must be calibrated. It is assumed that the M&TE
specified in MP E-50.30B [Ref. 12.1.5] for calibrating the time delay of Agastat ETR
relays will be used.

3.5. Maintenance Procedure MP E-50.30B [Ref. 12.1.5] was written for the old style 62H*3A
and 62H*3B relays Agastat ETR. The new ABB 62T relays do not have a maintenance
procedure yet. However it will be assumed that the same measurement and test
equipment used to calibrate in MP E-50.30B will be used to calibrate the time delay
functions of the new ABB 62T relays.
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3.6. The ABB 27N and 59N relays are not currently in use at DCPP. Hence drift data is not
available from calibration records. In addition ABB does not publish drift values for these
relays. Per CF6.NE1 [reference 12.1.1] Appendix 8.2 Section 2.3 in absence of
calibration data and vendor published drift values, the default drift value to be used is
±2% of sensor span. Setpoints for ABB 27N and 59N relays are set using a combination
of a fixed tap resistor and a potentiometer which is common for all available taps
[reference 12.1.51]. ABB was contacted to provide the setpoint span for each tap setting
of these relays. ABB performed limited testing on one ABB 27N relay [reference 12.1.57].
The results support the assumption that the potentiometer allows for setpoint adjustment
of -12% to +5% of tap setting. Due to the similarity between ABB 27N and 59N relays, a
preliminary assumption will be made to apply this setpoint span to both the ABB 27N and
59N relays. This span will be used in calculating the default drift values per CF6.NE1.
The assumption will be validated via future testing by the DCPP maintenance department
on both the 27N and 59N models to be used at DCPP. This testing is tracked to
completion by SAP order 68012804 operation 150 and is required prior to return to
service.

3.7. The ABB 27N and 59N relays allow for setting the Dropout (Actuate) setting as a
percentage of the Pickup (Reset) setting. This calculation will specify~a setpoint for the
dropout setting and the pickup will be calculated as a percentage of the dropout setting.
Accordingly, this calculation assumes that the uncertainty impacts the dropout setting and
that the dropout and pickup settings will drift together in the same direction and not
independently of each other.

4. Inputs

4.1. Basler BEl-GPS100 Reference Accuracy for undervoltage function: ±2% of reading or
±1V whichever is greater [Ref. 12.1.50]. The use of 1V reference accuracy for the 127P
and 27X devices will result in an over conservatism. Inspection of the historical As-Left
calibration data shows that the 127P and 27X devices of these relays have been
calibrated well within ±0.3V and ±0.2V respectively. To be conservative but not overly
conservative only the ±2% reference accuracy will be used in this calculation.

4.2. Basler BEl-GPS100 Reference Accuracy for time delay function: ±5% or ±3 cycles
whichever is greater [Ref. 12.1.50]. Three cycles translate to 0.05 seconds (3c / 60c/S).

4.3. ABB 27N and 59N Reference Accuracy for undervoltage function: ±0.1% of pickup and
dropout settings [Ref. 12.1.51].

4.4. ABB 27N and 59N Reference Accuracy for time delay function: ±10% or ±20ms
whichever is greater [Ref. 12.1.51].

4.5. ABB 62T timer reference accuracy: ±0.5% or ±15ms or ± 1 digit of setting (whichever is
greater) [Ref.12.1.52].

4.6. To calibrate the Basler BE1-GPS100 undervoltage function, an AC Voltmeter, 0-150V
range, with accuracy of ±(0.06% of reading + 0.03% of range) [Ref. 12.1.7] is used.
Range of the HP 34401A is 1 to 750 VAC [Attachment 6].

4.7. To calibrate the ABB 27N, 59N & BE1-GPSl00 time delay function, Manta MTS-1710
Advanced Universal Protective Relay Test System is used [Ref. 12.1.6 & 12.1.7]. The
accuracy of this test equipment for a 0-9.9999 sec scale is:

M&TE = ±0.5 mSec ±1 least significant digit = ±0.0006 sec

For all other scales it is:
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M&TE = ±(0.005% of reading +1digit), 1 digit = 0.1 mS [Attachment 4].

4.8. To calibrate the ABB 27N and 59N undervoltage function an AC Voltmeter, range 0-150
VAC with accuracy of ±(0.06% of reading + 0.03% of range) is used [Ref. 12.1.6]. Range
of the HP 34401A is 1 to 750 VAC [Attachment 5].

4.9. To calibrate the ABB 62T Timers, it is assumed that similar to the existing calibration
procedure, the new calibration procedure [Ref. 12.1.51 will provide the option of using
either a Manta MTS-1710 Advanced Universal Protective Relay Test System or a timer
with accuracy of 0.01% of elapsed time +10 mSec or better.

At 8.5 and 18.5 seconds setpoint the accuracy of the specified generic timer is:

MTE = ±(0.01% X 8.5 + 0.010) = ±0.011 Sec

MTE = ±(0.01% X 18.5 + 0.010) = ±0.012 Sec

These values are larger than the Manta test system calculated in section 4.7. For the
purpose of conservatism, the uncertainty of a generic timer will be used for the M&TE
effect for 62H*3A/B timers.

4.10. The ABB 27N and 59N relays equipped with harmonic filter have a temperature effect of
±0.4% over a temperature range of 500 F(10 0C) to 1040F(400C) (range of 540F) [reference
12.1.51]. Per paragraph 3.1 it is assumed that the relays are exposed to a temperature
range of 45.30F. Therefore, the temperature effect should be scaled in accordance with
reference 12.1.1, Attachment 8.2, section 5.5 as follows:

0.4%x (45.30F) = 0.33%
TE=± _ [54oF]

ABB does not specify a temperature effect for the Time Delay function of the 27N and
59N relays. Since the relays are located in a mild environment [see paragraph 3.1], it will
be assumed that relay reference accuracy includes any temperature effect for the time
delay function.

4.11. The ABB 62T relays have a temperature effect of ±2%, ±20ms or ±1 digit (which ever is
greater) over a temperature range of -40F(-200C) to 1580F(70'C) (range of 1620 F)
[reference 12.1.52]. The I digit on a relay with a range of 0.01-9.99 seconds is equal to
10 milliseconds. On a 0.01 to 99.9 seconds range it is equal to 100 milliseconds.

Per paragraph 3.1 it is assumed that the relays are exposed to a temperature range of
45.30 F. Therefore, the temperature effect should be scaled in accordance with reference
12.1.1, Attachment 8.2, section 5.5 as follows:

2%x(45.3oF)- 0.6%
TE- = ±[162oF]

At 8.5 and 18.5VAC setpoints, the temperature effects are respectively 51 and 111
milliseconds.

4.12. Basler GPS100 Relay: The vendor does not provide any information as to the control
voltage effect. But it provides a spec for the 125vdc power supply which is capable to
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perform its function for control voltages from 35 to 150 Vdc.[Ref. 12.1.50]. Hence RME
term will be 0 for the GPS1 00 Relay.

4.13. ABB 27N and 59N Relay: The vendor datasheet provides a repeat accuracy of 0.1% over
the allowable dc control power range of 100-140 VDC. This value is independent of the
manufacturer's reference accuracy. [Ref. 12.1.51]. ABB does not specify a control power
range effect on the time delay feature of these relays. RME term is 0 for time delay.

4.14. ABB 62T: The vendor datasheet provides an accuracy of ± 2% or ± 15ms or ± 1 digit
(whichever is greater) over the allowable control power range of -20%, +10% of the
nominal control voltage. [Ref. 12.1.52]. On a device with a range of 0.01 to 9.99 sec, the
1 digit translates to 10 milliseconds. On a 0.1 to 99.9 seconds range device, the 1 digit
translates to 100 milliseconds. The 2% temperature effect at 8.5 seconds setpoint
translates to 170 milliseconds and at a 18.5 seconds setpoint it translates to 370
milliseconds.

5. Methodology

The following methodology is used in the determination of FLUR & SLUR Channel Uncertainty
(CU), setpoints (STP) and Acceptable As-Found (AAF) values

5.1. Channel Uncertainty (CU) Methodology:

Determination of the relay actuation and time delay uncertainty (CU) is based on the
following algorithm provided in Reference 12.1.1.

pPMA 2 + PEA2 +SCA2 +SMTE2 +SD 2 + STE2 +SPE2

CU=EA+B± [ + Z[ RCA2 + RMTE2 + RD, + RTE• + RME2]

The above equation however is customized for each application as follows:

EA: The EA term is associated with the environmental allowance following a design
bases accident. Since, the relays are located in the switchgear room in the fuel handling
building and the environmental condition following LOCA and HELB is enveloped by plant
normal conditions, the EA term will be removed from the above equation.

PEA: This term is associated with flow metering devices. Therefore it will be removed
from the above equation.

SCA, SID, SMTE, SPE & STE: The relays will be treated as rack components and the
uncertainty terms associated with the sensor will be removed.

PMA: Since error associated with the measurement of line voltage is treated as bias due
to burden effect on the instrument potential transformer, the PMA term will be removed.

RME: The only potential miscellaneous effect is the effect of control voltage variation on
the relay function.
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For the purpose of this calculation the above equation will be modified for both the
actuation and time delay as follows:

CU = ±(VIRCA2 + RMTE2 + RD 2 + RME2 + RTE2

CU = Channel Uncertainty - The total uncertainty of an instrument channel.
This is the minimum allowable difference between the design value
and the nominal setpoint value.

RCA = Rack Component or "String" Calibration Accuracy.
RMTE = Rack Component or "String" Measuring and Test Equipment

Uncertainty.
RD = Rack Component or "String" Drift or Stability.

RTE = Rack Component or "String" Ambient Temperature Effects.
RME = Rack Component or "String" Miscellaneous Effects.

5.2. Coincident Logic Considerations (Dropout)

The channel uncertainty will be calculated at 95% probability of actuation. That means
there is a 2.5% chance that the relay will actuate below "setpoint - uncertainty" and 2.5%
chance that the relay will actuate at above "setpoint + uncertainty". Therefore, at the point
of concern which is the lower limit, there is 97.5% chance that the relay will actuate above
"setpoint - uncertainty". Calculation of the point at which there is 95% probability that
both relays will actuate is easier for SLURs because they are both ABB 59N relays with
the same mean and standard deviation of error.. For SLUR dropout, when both relays
have to actuate to initiate the timers, the probability of both timers to actuate above the
lower limit is 97.5% X 97.5% = 95%. Therefore, the two sided random channel
uncertainty calculated at 95% probability will correspond to 95% single sided uncertainty
of a coincident logic. Therefore, for SLUR relays further scaling of uncertainty will not be
required.

The setpoints of FLUR undervoltage relays for load shed; T1A, B, C & T2, have different
Analytical Limit of actuation. T2 which is an instantaneous relay must actuate before the
4KV bus voltage reaches 3411VAC. But load shed will occur only if the bus voltage
continues to degrade and further degradation is sensed by T1A, B or C undervoltage
relays. The three T1 relays are setup in a voltage tier such that T1A will actuate at the
highest voltage but will have the longest time delay of the three. T1 C will have the lowest
actuation voltage and will have the shortest time delay. T1B is between the other two.
This has been configured such that it maximizes equipment protection against degraded
voltage yet meets the criteria of the analytical limits.

Since the coincident logic for actuation of load shed has to wait till actuation of one of the
T1 relays, the lower tail of uncertainty distribution of T1 setpoint will be at 97.5%
confidence level. The coincident logic will be based on the actuation of TIA.

Since the two sided T1A uncertainty is calculated at 95% CL (CUDo = 1.96Xa), the one
sided actuation point with 95% probability will be equal to (1.645 X (7) Or in other words:

(1.645 / 1.96) * CUDO

5.3. One out of two logic considerations (Pickup)
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For the pickup setpoint, the upper limit of uncertainty is of the interest. The calculated
uncertainty of one relay will provide 97.5% probability that the relay will actuate below the
upper limit. The probability that no relay will actuate above the "setpoint + uncertainty" is
2.5% X 2.5% = 0.0625%. On the normal curve, the "Z" value corresponding to 2.5% and
0.0625% are respectively 1.96 and 2.475. The upper limit of uncertainty for one out of two
logic will be calculated by multiplying the upper limit of uncertainty by a factor of
(1.96/2.475).

6. Acceptance Criteria

6.1. FLUR Acceptance Criteria

6.1.1. FLUR LOW VOLTAGE SETPOINT FOR DIESEL START (27H*B2): The 27X
device in FLUR undervoltage relay detects a degraded voltage condition. The
device 27X must actuate in less than 10 seconds before the 4KV bus voltage
reaches Technical Specification limit of 2583VAC.

6.1.2. FLUR LOSS OF VOLTAGE SETPOINT FOR DIESEL START (27H*B2): The 27P
device in FLUR undervoltage relay detects a loss of voltage condition. The device
27P must actuate in less than 0.8 seconds upon loss of voltage.

6.1.3. FLUR Degraded VOLTAGE SETPOINT FOR LOAD SHED (27H*T1A, 27H*T1B,
27H*TIC & 27H*T2): The coincident logic must actuate in less than 10 seconds
before T1A senses a degraded voltage of 3328VAC on the 4KV bus. The
coincident logic must actuate in less than 6 seconds before T1B senses a
degraded voltage of 3120VAC on the 4KV bus. The coincident logic must actuate
in less than 4 seconds before T1 C senses a degraded voltage of 2704VAC on the
4KV bus. However, T2 must actuate before T1A, B or C at a voltage above the
analytical limit of 341 IVAC in preparation for T1 actuation.

6.2. SLUR Acceptance Criteria

6.2.1. The SLUR detects a degraded voltage condition less than or equal to 3785V on
the associated 4160V Class 1E bus to protect motors from overheating.

6.2.2. If the degraded condition persists, the SLUR will initiate a diesel start signal within
10 seconds,

6.2.3. and then it will initiate bus load shed and transfer to diesel within 20 seconds. The
time delays are provided by external time delay relays, devices 62H*3A and
62H*3B.

The SLUR scheme for each bus is comprised of two three phase 4160/120VAC potential
transformers each supplying one SLUR. The SLUR output contacts, associated time
delay relays, and various permissive contacts of other devices in the bus auto transfer
scheme are supplied from the vital 125V DC System. One SLUR, device 27H*B3, is
connected to the A-B phase PT and the other SLUR, device 27H*B4 is connected to the
B-C phase PT. The SLUR contacts are connected in series such that both relays must
dropout to initiate the diesel start and load shed time delay relays. Only one of the two
SLURs is required to pick up in order to reset the diesel start and load shed time delay
relays.
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SLUR Dropout

The analytical limit for SLUR dropout in this calculation is the TS allowable value
of 3785 volts [Ref. 12.1.2]. This limit is 91% of the nominal 4160V bus voltage and
is equal to the analytical limit based on load flow calculation 357A-DC [Ref.
12.1.56]. The SLUR setpoint with all the uncertainties considered shall be higher
than this limit.

SLUR Trip Avoidance Limit

DCPP Calculation 357A-DC analyzes the availability of the offsite power source
against normal operating transients. To prevent actuation of the SLUR during
normal operating transients, the trip avoidance limit of the SLUR shall be less than
or equal to 3850VAC.

SLUR Timers

The SLUR load shed time delay should be adequate to maximize response time
of LTC (Load Tap Changer) action to recover voltage. Currently the acceptance
criterion for the third tap change is 16 seconds [Ref 12.1.8]. Therefore, the SLUR
load shed time delay with all the uncertainties considered shall be higher than 16
seconds and lower than 20 seconds Technical Specification limit.
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7. Body of Calculation

7.1. Potential Transformer Ratio Correction Factor (RCF)

The potential transformer consists of two single phase transformers. One transformer is
connected to A-B phase and the other to the B-C phase. They are GE JVM-3 instrument
transformer with a 35:1 turn ratio. FLOCs: DC-1/2-63-E-XF-SHF(G,H)12PT. The exact
value of the PT ratio is dependent on the PT burden. The PT burden for transformers on
each bus is calculated in Attachment "1". The transformer on A-B phase is lightly loaded
while on the B-C phase is heavily loaded. Using the GE "Potential Transformer
Characteristic Ratio and Phase Angle Curve" (Attachment "2"), the ratio correction factor
(RCF) for lightly and heavily loaded transformers on each bus is tabulated as follows:

Transformer Burden Burden Power RCF PTR(VA) (W) Factor

Unit 1 SHF12PTA-B 22.59 22.59 1.0 0.9986 34.951

Unit 1 SHF12PTB-C 157.72 154.76 0.98 1.0052 35.182

Unit 2 SHF12PTA-B 22.59 22.59 1.0 0.9986 34.951

Unit 2 SHF12PTB-c 157.72 154.76 0.98 1.0052 35.182

Unit 1 SHG12PTA-B 22.59 22.59 1.0 0.9986 34.951

Unit 1 SHG12PTB-c 178.65 161.69 0.91 1.0082 35.287

Unit 2 SHG12PTA-B 22.59 22.59 1.0 0.9986 34.951

Unit 2 SHG12PTB-c 178.65 161.69 0.91 1.0082 35.287

Unit 1 SHH12PTA-B 22.59 22.59 1.0 0.9986 34.951

Unit 1 SHH12PTB-c 149.32 133.82 0.90 1.0064 35.224

Unit 2 SHH12PTAB 22.59 22.59 1.0 0.9986 34.951

Unit 2 SHH12PTB-C 149.32 133.82 0.90 1.0064 35.224

7.2. Bias (B)

The IR losses are considered to be negligible since the loop and associated cables are
located in mild environments, and the currents are not sufficiently low so as to be
comparable to leakage currents generated by extreme environmental conditions. As the
PT and the degraded voltage relays are located within the same switchgear room, the
voltage drop between the two devices can be considered negligible. No other source of
bias term has been identified for the relay. Therefore,

B=0
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7.3. Rack Calibration Accuracy (RCA)

7.3.1. RCA- 27H*B2 Undervoltape Function

Make and Model: Basler BE1-GPSlOOE4N1HO

AL27P: ±11.48VAC [Ref. 12.1.7] LOW Voltage" Setpoint

AL1 27 P: ±0.60VAC [Ref. 12.1.7] LOW-LOW Setpoint

AL27X: ±0.46VAC [Ref. 12.1.7] LOSS of Voltage Setpoint

Per input 4:

VRF 27P = +2% X 76.3VAC = ±1.53 VAC

VRF 127P = +2% X 30.6VAC = ±0.611 VAC

VRF 27X = +2% X 23.4VAC = ±0.47 VAC

Since the calibration tolerance is smaller than the vendor reference accuracy,
the reference accuracy will be used as Rack Calibration Accuracy (RCAuv).
Since the pickup occurs at approximately 102% of dropout [Ref. 12.1.50], the
RCA value applies to both the dropout and pickup (Note: The dropout and
pickup terminology used in this calculation is the opposite of that used in MP E-
50.62 procedure).

RCA DOUV27P =RCAu_27P = +1.53VAC

RCAV 127X = RCAuP 27x = +0.47VACUv _

7.3.2. RCA - 27H*B2 Time Delay Function

Make and Model: Basler BE1-GPS100E4N1HO

AL27P: ±0.30 Sec [FLOC] LOW Voltage" Setpoint

AL127P: ±0.10 Sec [FLOC] LOW-LOW Setpoint

AL27x: ±0.05 Sec [FLOC] LOSS of Voltage Setpoint

Per input 4.2:

VRF 27p = +5% X 4.7 Sec = ±0.235000 Sec

VRF 127P = +5% X 1.9 Sec = ±0.095000 Sec

VRF 27X = larger of ±5% X 0.65 Sec and ±0.05 Sec

Since the calibration tolerance is larger than the vendor reference accuracy,
the AL tolerance will be used as Rack Calibration Accuracy (RCATD)

RCATD_27P: ±0.30 Sec

RCATD_127P: ±0.10 Sec

RCATD_27X: ±0.05 Sec

7.3.3. RCA - 27H*T1A Undervoltaqe Function:
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Make and Model: ABB 27N

Dropout LOW VOLTAGE SETPOINT

At 96.5VAC setting, the vendor reference accuracy per input 4.3 is:

VRFDo = ±0.1% X 96.5 VAC = ±0.1 VAC

M&TE used to calibrate this relay cannot achieve the vendor reference
accuracy. Hence the recommended ALDO tolerance is ±0.5VAC. [See Section
7.4.3]

Per CF6.NE1 [ref. 12.1.1] Rack Calibration Accuracy (RCAuv) is the larger of
VRFDo and ALDO. Hence:

RCAuvDo = ±0.5VAC.

7.3.4. RCA - 27H*T1B Undervoltaqe Function:

Make and Model: ABB 27N

Dropout LOW LOW VOLTAGE SETPOINT

At 90.5VAC setting, the vendor reference accuracy per input 4.3 is:

VRFDo = ±0.1% X 90.5 VAC = ±0.09 VAC

M&TE used to calibrate this relay cannot achieve the vendor reference
accuracy. Hence the recommended ALDO tolerance is ±0.5VAC. [See Section
7.4.4]

Per CF6.NE1 [ref. 12.1.1] Rack Calibration Accuracy (RCAuv) is the larger of
VRFOo and ALDO. Hence:

RCAuvoO = ±0.5VAC.

7.3.5. RCA-27H*T1C Undervoltacqe Function:

Make and Model: ABB 27N

Dropout LOSS OF VOLTAGE SETPOINT

At 78.6VAC setting, the vendor reference accuracy per input 4.3 is:

VRFDo = ±0.1% X 78.6 VAC = ±0.08 VAC

M&TE used to calibrate this relay cannot achieve the vendor reference
accuracy. Hence the recommended ALDO tolerance is ±0.5VAC. [See Section
7.4.5]

Per CF6.NE1 [ref. 12.1.1] Rack Calibration Accuracy (RCAuv) is the larger of
VRFDo and ALDO. Hence:

RCAuvoO = ±0.5VAC.

7.3.6. RCA - 27H*T1A Time Delay Function (LOW VOLTAGE):

Make and Model: ABB Type 27N

At 8 sec setting, the vendor reference accuracy per input 4.4 is:

Reference Accuracy for time delay function is ±10% of setting or ±20 ms
whichever is greater.
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VRFTD = +10% x 8 sec = ±0.8 sec.

This value is larger than 20ms.

To allow for margin, recommended ALTo tolerance is ±1.0sec.

Per CF6.NE1 [ref. 12.1.1] Rack Calibration Accuracy (RCAuv) is the larger of
VRFTo and ALTo. Hence:

RCAuv_TD = ±1.0 sec.

7.3.7. RCA - 27H*T1 B Time Delay Function (LOW-LOW VOLTAGE):

Make and Model: ABB Type 27N

At 5 sec setting, the vendor reference accuracy per input 4.4 is:

Reference Accuracy for time delay function is ±10% of setting or ±20 ms
whichever is greater.

VRFTD = +10% x 5 sec = ±0.5 sec.

This value is larger than 20ms.

To allow for margin, recommended ALTo tolerance is ±0.7sec.

Per CF6.NE1 [ref. 12.1.1] Rack Calibration Accuracy (RCAuv) is the larger of
VRFTO and ALTO. Hence:

RCAUVTD = ±0.7 sec.

7.3.8. RCA - 27H*T1C Time Delay Function (LOSS OF VOLTAGE):

Make and Model: ABB Type 27N

At 3 sec setting, the vendor reference accuracy per input 4.4 is:

Reference Accuracy for time delay function is ±10% of setting or ±20 ms
whichever is greater.

VRFTD = +10% x 3 sec = ±0.3 sec.

This value is larger than 20ms.

To allow for margin, recommended ALTo tolerance is ±0.5sec.

Per CF6.NE1 [ref. 12.1.1] Rack Calibration Accuracy (RCAuv) is the larger of
VRFTD and ALTo. Hence:

RCAuv_To = ±0.5 sec.

7.3.9. RCA - 27H*T2 Undervoltage Function

Make and Model: ABB Type 59N

Dropout

At 98.OVAC setting, the vendor reference accuracy per input 4.3 is:

VRFoo = ±0.1% X 98.0 VAC = ±0.098 VAC

M&TE used to calibrate this relay cannot achieve the vendor reference
accuracy. Hence the recommended ALDO tolerance is ±0.5VAC. [See Section
7.4.9]
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Per CF6.NE1 [ref. 12.1.1] Rack Calibration Accuracy (RCAuv) is the larger of
VRFDO and ALDO. Hence:

RCAuvo 0 = ±0.5VAC.

7.3.10. RCA - 27H*T2 Time Delay Function (Pickup = Reset)

Make and Model: ABB Type 59N

Due to the use of the harmonic filter on the T2 relays, an instantaneous model
cannot be used. Hence a definite time delay relay will be used with the time
delay dialed to the minimum setpoint of 0.1 second. This time delay occurs on
the pickup action of the relay.

Reference Accuracy for time delay function is ±10% of setting or ±20 ms
whichever is greater [Ref. 12.1.51].

The uncertainty at the lowest time delay setting per vendor reference accuracy
is 20 milliseconds. This means that the pick up can occur anywhere between
80 to 120 milliseconds. Therefore,

RCATD = ±0.02 sec.

7.3.11. RCA - 27H*B3 Undervoltacqe Function

Make-and Model: ABB Type 59N

Dropout

At 109.25VAC setting, the vendor reference accuracy per input 4.3 is:

VRFDo = ±0.1% X 109.25 VAC = ±0.11 VAC

M&TE used to calibrate this relay cannot achieve the vendor reference
accuracy. Hence the recommended ALDO tolerance is ±0.5VAC. [See Section
7.4.11]

Per CF6.NE1 [ref. 12.1.1] Rack Calibration Accuracy (RCAuv) is the larger of
VRFDo and ALDO. Hence:

RCAuvgo = ±0.5VAC

7.3.12. RCA - 27H*B3 Time Delay Function

Make and Model: ABB Type 59N

Due to the use of the harmonic filter on the B2 relays, an instantaneous model
cannot be used. Hence a definite time delay relay will be used with the time
delay dialed to the minimum setpoint of 0.1 second. This time delay occurs on
the pickup action of the relay.

Reference Accuracy for time delay function is ±10% of setting or ±20 ms
whichever is greater [Ref. 12.1.51].

The uncertainty at the lowest time delay setting per vendor reference accuracy
is 20 milliseconds. This means that the pick up can occur anywhere between
80 to 120 milliseconds. Therefore,

RCATD = ±0.02 sec.
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7.3.13. RCA - 27H*B4 Undervoltaqe Function

Make and Model: ABB Type 59N

Dropout

At 109.25VAC setting, the vendor reference accuracy per input 4.3 is:

VRFDo = ±0.1% X 109.25 VAC = ±0.11 VAC

M&TE used to calibrate this relay cannot achieve the vendor reference
accuracy. Hence the recommended ALDO tolerance is ±0.5VAC. [See Section
7.4.13]

Per CF6.NE1 [ref. 12.1.1] Rack Calibration Accuracy (RCAuv) is the larger of
VRFoo and ALDO. Hence:

RCAUVgDO = ±0.5VAC.

7.3.14. RCA - 27H*B4 Time Delay Function

Make and Model: ABB Type 59N

Due to the use of the harmonic filter on the B4 relays, an instantaneous model
cannot be used. Hence a definite time delay relay will be used with the time
delay dialed to the minimum setpoint of 0.1 second. This time delay occurs on
the pickup action of the relay.

Reference Accuracy for time delay function is ±10% of setting or ±20 ms
whichever is greater [Ref. 12.1.51].

The uncertainty at the lowest time delay setting per vendor reference accuracy
is 20 milliseconds. This means that the pick up can occur anywhere between
80 to 120 milliseconds. Therefore,

RCATD = ±0.02 sec.

7.3.15. RCA - 62H*3A Time Delay Function

Make and Model: ABB 62T

Per input 4.5, ABB 62T timer reference accuracy at 8.5 seconds time delay is
±0.5% or ±1 5ms or ± 1 digit of setting (whichever is greater).

VRFTD = ±0.5% x 8.5 sec = ±0.0425 sec. This is larger than 15ms or 1 digit
which is 10 ms.

The M&TE is capable of calibration to a tolerance of 0.6 milliseconds [See
Section 7.4.15]: Therefore for the purpose of conservatism a calibration
tolerance of 50 milliseconds will be assumed.

Per CF6.NE1 [ref. 12.1.1] Rack Calibration Accuracy (RCATD) is the larger of
VRFTD and ALTo. Hence:

RCATD = ±0.05 sec.

7.3.16. RCA - 62H*3B Time Delay Function

Make and Model: ABB 62T
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Per input 4.5, ABB 62T timer reference accuracy at 18.5 seconds time delay is

±0.5% or ±1 5ms or ± 1 digit of setting (whichever is greater).

VRFTD = +0.5% x 18.5 sec = ±0.0925 sec.

One digit of the setting corresponds to 100 ms. Since this is larger than the
calculated VRFTD and larger than 15ms, VRFTD will be ± 0.1 sec.

The M&TE is capable of calibration to a tolerance of 10 milliseconds [See
Section 7.4.16]. Therefore for the purpose of conservatism a calibration
tolerance of 100 milliseconds will be assumed.

Per CF6.NE1 [ref. 12.1.1] Rack Calibration Accuracy (RCATo) is the larger of
VRFTD and ALTD. Hence:

RCATD = ±_0.1 sec.
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7.4. Rack Measurement & Test Equipment Effect (RMTE)

The Rack Measurement & Test Equipment Effect (RMTE) is the "As-Left Tolerance AL".

7.4.1. RMTE- 27H*B2 Undervoltaqe Function

STP2 7P: 76.3 VAC [FLOC] LOW Voltage" Setpoint

STP 127p: 30.6 VAC [FLOC] LOW-LOW Setpoint

STP27x: 23.4 VAC [FLOC] LOSS of Voltage Setpoint

Per input 4.6, the M&TE tolerance is computed at each setpoint as follows:

RMTE 27P = ±(0.06% X 76.3 + 0.03% X 750)VAC = ±0.271 VAC

RMTE 127 P = ±(0.06% X 30.6 + 0.03% X 750)VAC = ±0.243 VAC

RMTE27X = ±(0.06% X 23.4 + 0.03% X 750)VAC = ±0.239 VAC

7.4.2. RMTE - 27H*B2 Time Delay Function

STP 27 p: 4.7 Sec [FLOC] LOW Voltage Setpoint

STP 127P: 1.9 Sec [FLOC] LOW-LOW Setpoint

STP 27x: 0.65 Sec [FLOC] LOSS of Voltage Setpoint

Per input 4.7, the M&TE tolerance is computed at each setpoint as follows:

RMTE2 7P = ±(0.005% X 4.7 + 0.0001) Sec = ±0.000335 Sec

RMTE127P = ±(0.005% X 1.9 + 0.0001) Sec = ±0.000195 Sec

RMTE27X = ±(0.005% X 0.65 + 0.0001) Sec = ±0.000133 Sec

7.4.3. RMTE - 27H*T1A Undervoltaqe Function:

STPDO: 96.5 VAC LOW Voltage Setpoint

Per input 4.8, the M&TE tolerance at the measured setpoint is as follows:

RMTE = ±(0.06% X 96.5 + 0.03% X 750) VAC = ±0.28VAC

7.4.4. RMTE - 27H*T1B Undervoltaqe Function:

STPDO: 90.5 VAC LOW-LOW Voltage Setpoint

Per input 4.8, the M&TE tolerance at the measured setpoint is as follows:

RMTE = ±(0.06% X 90.5 + 0.03% X 750) VAC = ±0.28VAC

7.4.5. RMTE - 27H*T1C Undervoltace Function:

STPDo: 78.6 VAC LOSS of Voltage Setpoint

Per input 4.8, the M&TE tolerance at the measured setpoint is as follows:

RMTE = ±(0.06% X 78.6 + 0.03% X 750) VAC = ±0.27VAC

7.4.6. RMTE - 27H*T1A Time Delay Function:

STPTD: 8.0 sec LOW Voltage Setpoint
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Per input 4.7, the M&TE tolerance at the measured setpoint is as follows:

RMTE = ±(0.01% X 8.0 + 0.01) sec = ±0.01sec

7.4.7. RMTE - 27H*T1 B Time Delay Function:

STPTD: 5.0 sec LOW-LOW Voltage Setpoint

Per input 4.7, the M&TE tolerance at the measured setpoint is as follows:

RMTE = ±(0.01% X 5.0 + 0.01) sec = ±0.01sec

7.4.8. RMTE - 27H*T1C Time Delay Function:

STPTD: 3.0 sec LOSS of Voltage Setpoint

Per input 4.7, the M&TE tolerance at the measured setpoint is as follows:

RMTE = ±(0.01% X 3.0 + 0.01) sec = ±0.01sec

7.4.9. RMTE - 27H*T2 Undervoltaqe Function:
J

STPDo: 98.0 VAC

Per input 4.8, the M&TE tolerance at the measured setpoint is as follows:

RMTE = ±(0.06% X 98.0 + 0.03% X 750) VAC = ±0.28VAC

7.4.10. RMTE - 27H*T2 Time Delay Function:

STPTD: 0.1 sec (Time Delay on Pickup)

Per input 4.7, the M&TE tolerance at the measured setpoint is as follows:

RMTE = ±(0.01% X 0.1 + 0.01) sec = ±0.01sec

7.4.11. RMTE - 27H*B3 Undervoltaqe Function

STPDo: 109.25 VAC [FLOC]

Per input 4.8, the M&TE tolerance at the measured setpoint is as follows:

RMTE = ±(0.06% X 109.25 + 0.03% X 750) VAC = ±0.29VAC

7.4.12. RMTE - 27H*B3 Time Delay Function

STPTD = 0.1 Sec

Per input 4.7, the M&TE tolerance at the measured setpoint is as follows:

RMTE = ±(0.01% X 0.1 + 0.01) Sec = 0.01 Sec

7.4.13. RMTE - 27H*B4 Undervoltaqe Function

STPDO: 109.25 VAC [FLOC]

Per input 4.8, the M&TE tolerance at the measured setpoint is as follows:

RMTE = ±(0.06% X 109.25 + 0.03% X 750) VAC = ±0.29VAC

7.4.14. RMTE - 27H*B4 Time Delay Function

STPTD = 0.1 Sec
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Per input 4.7, the M&TE tolerance at the measured setpoint is as follows:

RMTE = ±(0.01% X 0.1 + 0.01) Sec = 0.01 Sec

7.4.15. RMTE - 62H*3A Time Delay Function

STPTD = 8.5 Sec

Per input 4.9, the M&TE tolerance at the measured setpoint is as follows:

RMTE = ±(0.01% X 8.5 + 0.01) Sec = 0.01 Sec

7.4.16. RMTE - 62H*3B Time Delay Function

STPTD = 18.5 Sec

Per input 4.9, the M&TE tolerance at the measured setpoint is as follows:

RMTE = ±(0.01% X 18.5 + 0.01) Sec = 0.01 Sec
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7.5. Rack Drift (RD) [as calculated in Attachment 3]

7.5.1. RD- 27H*B2 Undervoltaqe Function

DR 27P Dropout: ±0.50 VAC

DR 127P Dropout: ±0.30 VAC

DR 27x Dropout: ±0.40 VAC

7.5.2. RD - 27H*B2 Time Delay Function

DR 27P Dropout: ±0.1 sec

DR 127P Dropout: ±0.05 sec

DR 2 7x Dropout: ±0.05 sec

7.5.3. RD - 27H*T1A Undervoltaqie Dropout Function:

RDDO = ±0.34VAC

7.5.4. RD - 27H*T1A Time Delay Function:

RDTD = ±0.18sec

7.5.5. RD - 27H*T1 B Undervoltacqe Function

RDDo = ±0.31VAC

7.5.6. RD - 27H*T1B Time Delay Function:

RDTD = ±0.18sec

7.5.7. RD - 27H*T1C Undervoltaqe Function

RDDO = ±0.27VAC

7.5.8. RD - 27H*T1C Time Delay Function:

RDTD = ±0.18sec

7.5.9. RD - 27H*T2 Undervoltaqe Function

RDDo = ±0.34VAC

7.5.10. RD - 27H*T2 Time Delay Function (on Pickup)

RDTD = ±0.02sec

7.5.11. RD - 27H*B3 Undervoltaqe Function

RDDO = ±0.37VAC

7.5.12. RD - 27H*B3 Time Delay Function (on Pickup)

RDTD = ±0.02sec

7.5.13. RD - 27H*B4 Undervoltaqe Function
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RD = ±0.37VAC

7.5.14. RD - 27H*B4 Time Delay Function (on Pickup)

RDTD = ±0.02 Sec

7.5.15. RD - 62H*3A Time Delay Function

RD = ±0.17 Sec

7.5.16. RD - 62H*3B Time Delay Function

RD = ±0.37 Sec
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7.6. Rack Temperature Effect (RTE)

7.6.1. RTE - 27H*B2 Undervoltaqe Function

Make and Model: Basler BE1-GPS100E4N1H0

RTE = 0 [Assumption 3.2]

7.6.2. RTE - 27H*B2 Time Delay Function

Make and Model: Basler BE1-GPS100E4N1H0

RTE = 0 [Assumption 3.2]

7.6.3. RTE - 27H*T1A Undervoltaqe Function:

Make and Model: ABB 27N

RTE = 0.33% x Setpoint [Assumption 4.10]

RTE = 0.33% x 96.5 VAC

RTE = 0.32 VAC

7.6.4. RTE - 27H*T1B Undervoltaqe Function:

Make and Model: ABB 27N

RTE = 0.33% x Setpoint [Assumption 4.10]

RTE = 0.33% x 90.5 VAC

RTE = 0.3 VAC

7.6.5. RTE - 27H*T1C Undervoltaqe Function:

Make and Model: ABB 27N

RTE = 0.33% x Setpoint [Assumption 4.10]

RTE = 0.33% x 78.6 VAC

RTE = 0.26 VAC

7.6.6. RTE - 27H*T1A Time Delay Function:

Make and Model: ABB 27N

RTE = 0 [Assumption 4.10]

7.6.7. RTE - 27H*T1 B Time Delay Function:

Make and Model: ABB 27N

RTE = 0 [Assumption 4.10]

7.6.8. RTE - 27H*T1C Time Delay Function:

Make and Model: ABB 27N

RTE = 0 [Assumption 4.10]
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7.6.9. RTE - 27H*T2 Undervoltaqe Function:

Make and Model: ABB 59N

RTE =0.33% x Setpoint [Assumption 4.10]

RTE = 0.33% x 98.0 VAC

RTE = 0.32 VAC

7.6.10. RTE - 27H*T2 Time Delay Function (on Pickup):

Make and Model: ABB 59N

RTE = 0 [Assumption 4.10]

7.6.11. RTE - 27H*B3 Undervoltaqe Function:

Make and Model: ABB 59N

RTE = 0.33% x Setpoint [Assumption 4.10]

RTE = 0.33% x 109.25 VAC

RTE = 0.36 VAC

7.6.12. RTE - 27H*B3 Time Delay Function (on Pickup):

Make and Model: ABB 59N

RTE = 0 [Assumption 4.10]

7.6.13. RTE - 27H*B4 Undervoltaqe Function:

Make and Model: ABB 59N

RTE = 0.33% x Setpoint [Assumption 4.10]

RTE = 0.33% x 109.25 VAC

RTE = 0.36 VAC

7.6.14. RTE - 27H*B4 Time Delay Function (on Pickup):

Make and Model: ABB 59N

RTE = 0 [Assumption 4.10]

7.6.15. RTE - 62H*3A Time Delay Function

Make and Model: ABB 62T

RTE = 0.05 Sec [see 4.11]

7.6.16. RTE - 62H*3B Time Delay Function

Make and Model: ABB 62T

RTE = 0.11 Sec [see 4.11]
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7.7. Rack Miscellaneous Effects (RME)

7.7.1. RME - 27H*T1A Undervoltaqe Function:

Make and Model: ABB 27N

RM E = 0.1% x Setpoint [see 4.13]

RME = 0.1% x 96.5 VAC

RME = 0.1 VAC

7.7.2. RME - 27H*T1B Undervoltacqe Function:

Make and Model: ABB 27N

RME = 0.1% x Setpoint [see 4.13]

RME = 0.1% x 90.5 VAC

RME = 0.09 VAC

7.7.3. RME - 27H*T1C Undervoltaqe Function:

Make and Model: ABB 27N

RM E = 0.1% x Setpoint [see 4.13]

RME = 0.1% x 78.6 VAC

RME = 0.08 VAC

7.7.4. RME - 27H*T1A Time Delay Function:

Make and Model: ABB 27N

RME = 0 [see 4.13]

7.7.5. RME - 27H*T1B Time Delay Function:

Make and Model: ABB 27N

RME = 0 [see 4.13]

7.7.6. RME - 27H*T1C Time Delay Function:

Make and Model: ABB 27N

RME = 0 [see 4.13]

7.7.7. RME - 27H*T2 Undervoltacqe Function:

Make and Model: ABB 59N

RME = 0.1% x Setpoint [see 4.13]

RME = 0.1% x 98 VAC

RME = 0.1 VAC

7.7.8. RME - 27H*T2 Time Delay Function (on Pickup):

Make and Model: ABB 59N
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RME = 0 [see 4.13]

7.7.9. RME - 27H*B3 Undervoltaqe Function:

Make and Model: ABB 59N

RME = 0.1% x Setpoint [see 4.124.13]

RME = 0.1% x 109.25 VAC

RME = 0.11 VAC

7.7.10. RME - 27H*B3 Time Delay Function (on Pickup):

Make and Model: ABB 59N

RME = 0 [see 4.124.13]

7.7.11. RME - 27H*B4 Undervoltaaqe Function:

Make and Model: ABB 59N

RME = 0.1% x Setpoint [see 4.124.13]

RME = 0.1% x 109.25 VAC

RME = 0.11 VAC

7.7.12. RME - 27H*B4 Time Delay Function (on Pickup):

Make and Model: ABB 59N

RME = 0 [see 4.13]

7.7.13. RME - 62H*3A Time Delay Function

Make and Model: ABB 62T

RME = 0.17 sec [see 4.14]

7.7.14. RME - 62H*3B Time Delay Function

Make and Model: ABB 62T

RME = 0.37 sec [see 4.14]
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7.8. Device Level Uncertainty

7.8.1. 27H*B2 Undervoltage Actuation Uncertainty- CU 2 7HB 2

U ndervoltage Setpoints [Ref. 12.1.7]:

27P: 76.3 VAC

127P: 30.6 VAC

27X: 23.4 VAC

CU 27H*B2 = B± (i RCA2 +RMTE2 +RD2 + RTE2)

2H B 2 _2 7 P 0± (11.532 +0.2712 +0.502 02 1.632 VAC
CU *27HB_2P- _ __ _ _ _ _ _ _ _

o 127P = 0 ± (10.612+0.2432+ 0.302+02 )= ±0.722VAC
CU27 HB2_I270.3 2 0. 20

27H'B2_27X - 0 ± ±(00472+0"2392+0"42+02)=±0.662 VAC

7.8.2. 27H*B2 Time Delay Uncertainty - CU27HB 2

Undervoltage Setpoints [Ref. 12.1.7]:

27P: 4.7 Sec

127P: 1.9 Sec

27X: 0.65 Sec

CU 27H*B2=B± (RCA2+RMTE2+RD2+RTE2)

CUD = 0± (jo.3002+0.0003352+0.12+02 )= ±0.316secC 2HB2_27P 0-- .

CUzy!*B 2 _2 PTD= 0± (10.1002 +0.0001952 +0.052+02 )= ±0.112sec

CU27HB 2_27X =0 ± 0.0502+0.000133 +0.05 )0 ±0.071sec

7.8.3. 27H*T1A Actuation Uncertainty - CU2 7 HTIA

CU 27 H *TIA=B ± (IRCA4 2+ RMTE2 +RD 2±+RTE2 +RME2)

CUR7H*TIA = 0± (±0.52 +0.282 +0.342 + 0.322 + 0.12 )=+O.75VAC

7.8.4. 27H*T1 B Actuation Uncertainty - CU 27H*TIB

CU 27H*TIB= B+ (IRCA 2+ RME2+ RD2+RTE2+RME2)

CU 27HTIB = 0 _+ (0.52 + 0.28 2 + 0.312 + 0.302 + 0.092 ±0.72 VAC
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7.8.5. 27H*T1 C Actuation Uncertainty - CU27H*TlC
C~z,,vc =B ( ICA2 + MTE 2 +R2 + TE 2 +ME2

CU 2 7 H*TIC B ± (VIRC 2+ RJ +RD2±R E+RM2

CU 2 7H*TIC= 0 ± (10.52 + 0.272 + 0.272 + 0.262 + 0.082 ±0.69VAC

7.8.6. 27H*T1A Time Delay Uncertainty - CU27H*TIACUTD A 2 TD2

CU27H ,TIA = B R + RMTE2 + RD2 + RTE2 + RME2

CTD =+4.2 1 20 2

CU27HTA = 0+± (.2 + 0.012 + 0.182 + 02 + 02 ±1.02 sec

7.8.7. 27H*T1 B Time Delay Uncertainty - CUz7HTIBCUTD * CA 2 M~TD2 2 T 2 M

CU2HTIB = B (RCA + RMTE2 +RD2+RTE2 +RME2

CU27HT) B 0±02 + 0.012 + 0.182 + 02 + 02

7.8.8. 27H*T1C Time Delay Uncertainty - CU27H*TIC

CU2HTIC (*RCA 2 +RMTE2 +RD2 +RTE2 +RME2

CUHTDc= 0 ± 0.52 + 0.012 + 0.182 + 02 + 02)=+0.53 sec

7.8.9. 27H*T2 Actuation Uncertainty - CU 2 7 H*T2

CU 27H*T2 B ± (1RCA2 + RMTE2 + RD2 + RTE2+ RME2)

CU 2 7 HT 2 =0± (0.52 +0.282 +0.342 + 0.322 +0.12 )=±0.75 VAC

7.8.10. 27H*T2 Time Delay Uncertainty (on Pickup) - CU7HT 2

CU27HT 2 = B ± RA2 + RMTE2 +RD2 +RTE2 +RME2

CU27HT 2 = 0-± 0.022 + 0.012 + 0.022 + 02 + 02 ±0.03 sec

7.8.11. 27H*B3 Undervoltage Actuation Uncertainty - CU 27H*B3

CU 27H*B3 = B ± (IVRCA2 + RMTE2 + RD2 + RTE2 + RME2)

CU 2 7 H*B 3 = 0-± (0.52 +0.292 + 0.372 + 0.362 +0.112 )= 0.78VAC
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7.8.12. 27H*B3 Time Delay Actuation Uncertainty (on Pickup) - CU27H,B3

CUT7 DHB 3 = ±+•IRCA2 
+ RMTE 2 + RD 2 + RTE2 

+ RME 2

CU27H*B3 = (00.022 +0.012 +0.022 +02 + ±02 = 0.03 sec

7.8.13. 27H*B4 Actuation Uncertainty - CU27 HB 4

CU 2 7 H*B 4 = B (RCA2 + RMTE2 + RD2 + RTE2 + RME2)

CU 27H*B4 = 0 (10.52 + 0.292 + 0.372 + 0.362 + 0.112 )= ±0.78 VAC

7.8.14. 27H*B4 Time Delay Uncertainty (on Pickup) - CU27H*B4

CU27HB 4 =B ± 1RCA2 + RMTE2 +RD 2 +RTE 2 +RME2

CU27HB 4 = (10 +.022 + 0.012 + 0.022 ± 02 + 02 ±= 0.03 sec

7.8.15. 62H*3A Time Delay Uncertainty - CU62* 3A

CU62H 3A B RCA2 + RMTE2 +RD2 +RTE2 +RME2

CU62D3 A =0+ 0.o52 +0.012 +0.172 +0.052 ±0.172 ±=0.25sec

7.8.16. 62H*3B Time Delay Uncertainty - CU62H,3 B

CU62H,3B = B ± RCA2 + RMTE2 + RD 2 + RTE2 + RME2

TD U 0(0.ý +0.012 +0.372 +)0.112 2CU62H,3B = 0+0 +002+.7+.12+0.372 = +0.54 sec
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7.9. FLUR 2/2 Logic Undervoltage Load Shed Dropout Uncertainty (CUFLURDO)

Per section 5.2,

CUFLURDO= ±(1.645/1.96) X CU"HTI

Since the T1 relays have lower setpoints than the T2, the 2/2 logic actuation is
determined by the lowest bus voltage sensed by T1A at 3373V. This can be tested as
follows:

The TIA 95% single sided voltage uncertainty is 0.75V X (1.645/1.96) = 0.63V

T1A Trip Avoidance Limit = 96.5V + 0.63V = 97.13V

T1A Trip Avoidance limit = 97.13V * 34.951 = 3395V (81.61%)

The lowest T1A sensed voltage = 96.5 - 0.63 = 95.87V

The lowest bus voltage = 95.87V * 34.951 = 3351V

The T1A 95% single sided time delay uncertainty is 1.02s X (1.645/1.96) = 0.86

Maximum time delay = 8.0 s + 0.86 = 8.86s.

The T1B 95% single sided voltage uncertainty is 0.72V X (1'645/1.96) = 0.60V

T1 B Trip Avoidance Limit = 90.50V + 0.60V = 91.1 OV

T1 B Trip Avoidance limit = 91.1 OV * 34.951 = 3184V (76.54%)

The lowest T1 B sensed voltage = 90.5 - 0.60 = 89.90V

The lowest bus voltage = 89.90V * 34.951 = 3142V

The T1 B 95% single sided time delay uncertainty is 0.72s X (1.645/1.96) = 0.60

Maximum time delay = 5.0 s + 0.60 = 5.60s.

The TI C 95% single sided voltage uncertainty is 0.69V X (1.645/1.96) = 0.58V

TiC Trip Avoidance Limit = 78.60V + 0.58V = 79.18V

T1C Trip Avoidance limit = 79.18V * 34.951 = 2767V (66.52%)

The lowest T1 C sensed voltage = 78.6 - 0.58 = 78.02V

The lowest bus voltage = 78.02V * 34.951 = 2727V

The TI C 95% single sided time delay uncertainty is 0.53s X (1.645/1.96) 0.44

Maximum time delay = 3.0 s + 0.44 = 3.44s.

7.10. SLUR 2/2 Logic Dropout Uncertainty (CUSLURDO)

Per section 5.2,

CUDO. cuDOCUSLURDO- =U27H*B3 ---C27H*B4
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CUSLuRDO = ±0.78 VAC
B3 lowest trip voltage = (109.25 - 0.78)V X 34.951 = 3791V

B4 lowest trip voltage = (109.25 - 0.78)V X 35.182 = 3816V

Since during bus voltage degradation B3 actuates after B4 the 2/2 logic for SLUR
actuation is 3791V or 91.13% bus voltage

File Name: 9000041128 (357S) Rev idoc 6/22/2011
File Name: 9000041128 (357S) Rev 1.doc 6/22/2011



CALCULATION NUMBER: 9000041128 REVISION: 1 PAGE 45 OF 152

CALCULATION TITLE: 4.16 kV Bus FLUR & SLUR Setpoint Calculation

DATE: 03/22/2011

7.11. Analytical Limits (AL)

7.11.1. 27H*T1 A (Time Delayed) Low Voltage

The analytical limit for the time delayed initiation of load shed is established at
3328VAC (-80% bus voltage) within 10 seconds. There is no analytical limit
for relay pickup. The 80% limit at 10 seconds is selected to ensure the motors
will start and if they are running their protection relays will not trip prior to
shedding the bus. This ensures availability of the motors during an accident.

7.11.2. 27H*T1B (Time Delayed) Low-Low Voltaqe

The analytical limit for the time delayed initiation of load shed is established at
3120VAC (-75% bus voltage) within 6 seconds. There is no analytical limit for
relay pickup. The 75% limit at 6 seconds is selected to maximize the time
needed for voltage recovery without tripping the motor ov er load protection
prior to shedding the bus. This ensures availability of the motors during an
accident.

7.11.3. 27H*T1C (Time Delayed) Loss of Voltage

The analytical limit for the time delayed initiation of load shed is established at
2704VAC (-65% bus voltage) within 4 seconds. There is no analytical limit for
relay pickup. The 65% limit is selected to allow for clearing of a temporary fault
and successful bus transfer to offsite power during a loss of voltage event.
This prevents spurious transfers to diesel generators during availability of
offsite power.

7.11.4. 27H*T2 (Instantaneous)

The analytical limit for the instantaneous initiation of load shed is established
at 3411 VAC (-82% bus voltage). There is no analytical limit for relay pickup.

7.11.5. 27H*B2 (Time Delayed)

The 27H*B2 relay has two diesel start analytical limits for "LOW voltage", and
"LOSS of Voltage" and one diesel start nominal setpoint at "LOW-LOW
Voltage". The "LOW' diesel start analytical limit is 2583VAC (-62% bus
voltage) within 10 seconds [Ref. 12.1.2]. The "LOSS of Voltage" diesel start
analytical limit is OVAC within 0.8 seconds. The "LOW-LOW Voltage" nominal
setpoint is established at bus voltage of 1070VAC (-26% bus voltage) within
1.9 seconds. There is no analytical limit for relay pickup.

7.11.6. 27H*B3 & B4 (Initiate Timer)

The analytical limit for second level voltage protection is established at
3785VAC (-91% bus voltage) [Ref. 12.1.3]. The pickup should occur at a
voltage below the worst case 4KV bus voltage CWP pump starts. This level is
established at 3866 VAC in Ref. 12.1.56.

7.11.7. 62H*3A (Timer)

The analytical limit for time delayed diesel start is established at 10 seconds
[Ref. 12.1.3].
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7.11.8. 62H*3B (Timer)

The analytical limit for time delayed initiation of load shed is established at 20
seconds [Ref. 12.1.3].
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7.12. Determination of Setpoint Limits and Acceptable As-Found Settings

7.12.1. 27H*B2 Undervoltaae Setpoint Limit (Low Voltage)

STPM: 76.3VAC [Ref. 12.1.7]

PT Ratio: 34.951 [Attachment 1]

STP2D° Bus Equivalent Setpoint: 76.3 X 34.951 = 2667VAC

STJP2D7 Tech Spec Limit @ 4KV Bus: 2583 VAC [Ref. 12.1.2]

STP2D7 Tech Spec Limit @ Relay = (2583/34.951) VAC = 73.90 VAC

STID~o_ CU27HB 2_27P = (76.3- 1.63)VAC = 74.67VAC

CUDO = (76.3 + 1.63)VAC = 77.93VACTP2 °+U27HB2_ 7P

STP2D7 Min. Bus Equivalent STP: 74.67VAC X 34.951 = 261OVAC

STP2D7° Max. Bus Equivalent STP: 77.93VAC X 34.951 2724VAC

STP2D7° Margin to TS Limit = (2610 - 2583)VAC = 27VAC

STP2D7° Margin to TS Limit @ Relay = 27VAC/34.951 = 0.77VAC

STPD° Limit: > (76.30 - 0.77)VAC > 75.53 AC

7.12.2. 27H*B2 Undervoltage Setpoint Limit (Low-Low Voltage)
DO

STP127P: 30.6VAC

STPj1 _ CU-2 (30.6 - 0.722)VAC = 29.878VAC

STpDO + CUDO (30.6 + 0.722)VAC = 31.322VAC
S 127P +C 27H*B2_127P

DO

STP271, Min. Bus Equivalent STP: 29.878VAC X 34.951 = 1044VAC

STPj27 Max. Bus Equivalent STP: 31.322VAC X 34.951 = 1095VAC

[Ref. 12.1.7]

Since the "Low-Low Voltage" setpoint is not associated with a Technical
Specification limit, its nominal limits are the "Low Voltage" (Device 27P) and "Loss
of Voltage" (Device 27X) setpoints.
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7.12.3. 27H*B2 Undervoltage Setpoint Limit (Loss of Voltage)

STPDO 23.4VAC [Ref. 12.1.7]

STP2 x Bus Equivalent Setpoint: 23.4 X 34.951 =.818VAC
STPDo _ CU ,B2 _27XDO - (23.40 - 0.66)VAC = 22.74VAC

STpD° + CU2.B.,7D = (23.40 + 0.66)VAC = 24.06VAC

STP2D7 x Minimum Bus Equivalent Setpoint: 22.74VAC X 34.951 = 795VAC

STP2D7° Maximum Bus Equivalent Setpoint: 24.06VAC X 34.951 = 841VAC

STP27X Margin to TS Limit = (795 - 0)VAC = 795VAC

STP2D7x Margin to TS Limit @ Relay = 795VAC/34.951 = 22.75VAC

STP2D7° Limit: > (22.75 -22.75)VAC > OVAC

7.12.4.27H*B2 Time Delay Setpoint Limit (Low Voltage)

STP2Dp : 4.7 Sec [Ref. 12.1.7]

STP2T7D + CU2T7DH*B2 _27P = (4.7 + 0.32)VAC = 5.02 Sec

STPJD Margin to TS Limit = (10.0 - 5.02)Sec = 4.98 Sec

STP2D Limit: < (4.7+4.98)VAC < 9.68 Sec

7.12.5. 27H*B2 Time Delay Setpoint Limit (Loss of Voltage)

STP2XD : 0.65 Sec [Ref. 12.1.7]
STPTD + UTD (0.65 + 0.07)VAC = 0.72 Sec

27 fTX +" 27H *B2 _27x

STP2 Dx Margin to TS Limit = (0.80 - 0.72)VAC = 0.08 Sec

STP2 Dx Limit: < (0.65 + 0.08)VAC < 0.73 Sec
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7.12.6. 27H*B2 Undervoltaqe Acceptable As-Found (AAF) Determination

STPDo" 76.3VAC [Ref. 12.1.7]

STP2D70 Drift: ±0.50VAC [see section 7.5.1]

STP27° MTE Effect: ±0.27VAC [see section 7.4.1]

STP2'70 AAF Tolerance: ±(DR + MTE) = ±(0.50+0.27)VAC = ±0.77VAC

Since this value is less than the Rack Calibration Accuracy RCA, the acceptable
as found tolerance will be ±1.53 VAC.

S STP2DT° Acceptable As-Found Range: 74.77 to 77.83 VAC

SpDO

ST27P: 30.6VAC [Ref. 12.1.7]
SpDO

STP27 Drift: ±0.3VAC [see section 7.5.1]

STP27 MTE Effect: ±0.24VAC [see section 7.4.1]

STPj2DP AAF Tolerance: ±(DR + MTE) = ±(0.30+0.24)VAC = ±0.54VAC

Since this value is less than the Rack Calibration Accuracy RCA, the acceptable
as found tolerance will be ±0.61 VAC.

STP27 Acceptable As-Found Range: 29.99 to 31.21 VAC

STP2X 23.4VAC [Ref. 12.1.71

STP2D7° Drift = ±0.40VAC [see section 7.5.1]

STP2D7 MTE Effect = ±0.24VAC [see section 7.4.1]

STP2D7 0 AAF Tolerance: ±(DR + MTE) = ±(0.40+0.24)VAC = ±0.64VAC

STP2•7° Acceptable As-Found Range: 22.76 to 24.04 VAC
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7.12.7. 27H*B2 Time Delay Acceptable As-Found (AAF) Determination

STPf2 Setpoint: 4.7 Sec [Ref. 12.1.7]

STPfD Setpoint Drift: ±0.1 Sec [see section 7.5.2]

STPf2 MTE Effect: ±0.0003 Sec [see section 7.4.2]

STPJD AAF Tolerance: ±(DR + MTE) = ±(0.1+0.0003)Sec = ±0.10 Sec

Since this value is less than the Rack Calibration Accuracy RCA, the acceptable
as found tolerance will be ±0.3 sec.

SITP21p Acceptable As-Found Range: 4.40 to 5.0 Sec

STP427 Setpoint: 1.9 Sec [Ref. 12.1.7]

STP,27 Setpoint Drift: ±0.05 Sec [see section 7.5.2]

STIP27p MTE Effect: ±0.0002 Sec [see section 7.4.2]

STPF27 AAF Tolerance: ±(DR + MTE) = ±(0.05+0.0002)Sec = ±0.05 Sec

Since this value is less than the Rack Calibration Accuracy RCA, the acceptable
as found tolerance will be ±0.1 sec.

STP27T Acceptable As-Found Range: 1.80 to 2.00 Sec

STP2Tx Setpoint: 0.65 Sec [Ref. 12.1.7]

STP2 Dx Setpoint Drift = ±0.05 Sec [see section 7.5.2]

STP2 Dx MTE Effect = ±0.0001 Sec [see section 7.4.2]

STP2 Dx AAF Tolerance: ±(DR + MTE) = ±(0.05+0.0001)Sec = ±0.05Sec

STP2T7Dx Acceptable As-Found Range: 0.60 to 0.70 Sec
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7.12.8. 27H*T1A Undervoltage Setpoint Limit (Low Voltage)

STP DO: 96.5VAC

PT Ratio: 34.951 [Heavily burdened transformers on all three phases per
Attachment 1]

STP00 Bus Equivalent Setpoint: 96.5 X 34.951 = 3373VAC

STPD° - cUUOHTIA = (96.5 -0.75)VAC = 95.75VAC

STPD° Min. Bus Equivalent STP: 95.75VAC X 34.951 = 3347VAC

STPD° Margin to Analytical Limit = (3347- 3328)VAC = 19VAC

STPDO Margin to Analytical Limit @ Relay = 19VAC/34.951 = 0.54VAC

STPDO Limit: > (96.5 -0.54)VAC > 95.96VAC

7.12.9. 27H*T1B Undervoltage Setpoint Limit (Low-Low Voltage)

STpDO: 90.5VAC

PT Ratio: 34.951 [Heavily burdened transformers on all three phases per
Attachment 1]

STP 0 Bus Equivalent Setpoint: 90.5 X 34.951 = 3163VAC

STP° - CU27OH,TIB = (90.5 - 0.72)VAC = 89.78VAC

STPD Min. Bus Equivalent STP: 89.78VAC X 34.951 = 3138VAC

STPDO Margin to Analytical Limit = (3138 - 3120)VAC = 18VAC

STPDO Margin to Analytical Limit @ Relay = 18VAC/34.951 = 0.52VAC

STPDO Limit: > (90.5 - 0.52)VAC > 89.98VAC

7.12.10.27H*TIC Undervoltage Setpoint Limit (Loss of Voltage)

STpDO : 78.6VAC

PT Ratio: 34.951 [Heavily burdened transformers on all three phases per
Attachment 1]

STPDO Bus Equivalent Setpoint: 78.6 X 34.951 = 2747VAC

sTPD0 - CUD7HIC = (78.6 - 0.69)VAC = 77.91VAC

STPD Min. Bus Equivalent STP: 77.91VAC X 34.951 = 2723VAC
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STP0 0 Margin to Analytical Limit = (2723 - 2704)VAC = 19VAC

STPDO Margin to Analytical Limit @ Relay = 19VAC/34.951 = 0.54VAC

STpDO Limit: > (78.6 - 0.54)VAC > 78.06VAC

7.12.11.27H*T1A Undervoltage Acceptable As-Found (AAF) Determination

STDO ,TIA. 96.5VAC

sTDO

ST TA Drift: ±0.34VAC [see section7.5.3]
sTDO

STP27HTIA MTE Effect: ±0.28VAC [see section7.4.3]
sTDO

ST27HTIA AAF Tolerance: ±(DR + MTE) = ±(0.34+0.28)VAC = ±0.62VAC

STP2 DoTI Acceptable As-Found Range: 95.88 to 97.12 VAC

7.12.12.27H*T1 B Undervoltage Acceptable As-Found (AAF) Determination
sTDO

ST27 HTIB 90.5VAC

sTDO

ST27HTIB Drift: ±0.31VAC [see section7.5.5]

sTDO

ST127%TIB MTE Effect: ±0.28VAC [see section7.4.4]

STP27HTIB AAF Tolerance: ±(DR + MTE) = ±(0.31+0.28)VAC = ±0.59VAC

STDo#T.B Acceptable As-Found Range: 89.91 to 91.09 VAC

7.12.13.27H*T1C Undervoltacqe Acceptable As-Found (AAF) Determination

STDOHT 1c 78.6VAC
Do

STP2 H*TIC Drift: ±0.27VAC [see section7.5.7]
sTDO

ST•H,*TIC MTE Effect: ±0.27VAC [see section7.4.5]

STP270HT1C AAF Tolerance: ±(DR + MTE) = ±(0.27+0.27)VAC = ±0.54VAC

STDO* TIC Acceptable As-Found Range: 78.06 to 79.14 VAC

7.12.14.27H*T1A Time Delay Setpoint Limit (Low Voltage)

STPTD: 8.0 sec

STPTD + CU7HTA= (8.0 + !.02)sec = 9.02 sec

STPTD Margin to Analytical Limit = (10 - 9.02)sec = 0.98sec
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STPTD Limit: < (8.0 + 0.98)sec < 8.98sec I

7.12.15.27H*T1B Time Delay Setpoint Limit (Low-Low Voltage)

STPTD: 5.0 sec

STPTD + CUT7H,TB = (5.0 + 0.72)sec = 5.72 sec

STPTD Margin to Analytical Limit = (6 - 5.72)sec = 0.28sec

STPTD Limit: < (5.0 + 0.28)sec -5 5.28sec I

7.12.16.27H*T1C Time Delay Setpoint Limit (Loss of Voltage)

STPTD : 3.0 sec

STPTD + CUzvHTIC D (3.0 + 0.53) sec = 3.53 sec

STPTD Margin to Analytical Limit = (4 - 3.53) sec = 0.47sec

STPTD Limit: < (3.0 + 0.47) sec 3.47sec

7.12.17.27H*T1A Time Delay Acceptable As-Found (AAF) Determination

STPTDHTlA : 8.0 sec

STP27DIA Drift: ±0.18 sec [see section7.5.4]

STP2 %,*TIA MTE Effect: ±0.01 sec [see section7.4.6]

STP2ITIA AAF Tolerance: ±(DR + MTE) = ±(0.18+0.01)sec = ±0.19sec

Since this value is less than the Rack Calibration Accuracy RCA, the acceptable
as found tolerance will be ±1.0 sec.

STD7,T1A Acceptable As-Found Range: 7.00 to 9.00 sec

7.12.18.27H*T1B Time Delay Acceptable As-Found (AAF) Determination

STpTHTIBD : 5.0 sec

STP2TDHTIB Drift: ±0.18 sec [see section7.5.6]

STP5,*TIB MTE Effect: ±0.01 sec [see section7.4.7]

STPf2ITIB AAF Tolerance: ±(DR + MTE) = ±(0.18+0.01)sec = ±0.19sec

Since this value is less than the Rack Calibration Accuracy RCA, the acceptable
as found tolerance will be ±0.7 sec
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STPI7 HTIB Acceptable As-Found Range: 4.30 to 5.70 sec

7.12.19.27H*T1 C Time Delay Acceptable As-Found (AAF) Determination

STP7•,TlC: 3.0 sec

STP IC,TIc Drift: ±0.18 sec [see section7.5.8]

STP%,*TIC MTE Effect: ±0.01 sec [see section7.4.8]

STPICTlC AAF Tolerance: ±(DR + MTE) = ±(0.18+0.01)sec = ±0.19sec

Since this value is less than the Rack Calibration Accuracy RCA, the acceptable
as found tolerance will be ±0.5 sec
STIz7*TlC Acceptable As -Found Range: 2.50 to 3.50 sec

7.12.20.27H*T2 Undervoltaqe Setpoint Limit (Instantaneous)

STP DO: 98.OVAC

PT Ratio: 35.182 [Bus F is most conservative per Attachment 1]

STPDO Bus Equivalent Setpoint: 98.0 X 35.182 = 3448VAC

STPDO° - CU2,,T2 = (98.0 - 0.75)VAC = 97.25VAC

STPDO Min. Bus Equivalent STP: 97.25VAC X 35.182 = 3422VAC

STPDO Margin to Analytical Limit = (3422 - 341 1)VAC = 11VAC

STPD° Margin to Analytical Limit @ Relay = 11VAC/35.182 = 0.31 VAC

STPDO Limit: > (98.0 - 0.31)VAC > 97.69VAC

7.12.21.27H*T2 Undervoltaqe Acceptable As-Found (AAF) Determination

STIDT 2 : 98.OVAC

STIyr*T 2 Drift: ±0.34VAC [see section7.5.9]

STpa7T 2 MTE Effect: ±0.28VAC [see section7.4.9]

STPT2r*T2 AAF Tolerance: ±(DR + MTE) = ±(0.34+0.28)VAC ±0.62VAC

STP27HT,2 Acceptable As-Found Range: 97.38 to 98.62 VAC

7.12.22.27H*B3 Undervoltaqe Setpoint Limit (Low Voltage)

STP2B7H, 3 . 109.25 VAC
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PT Ratio: 34.951 [Attachment "1 "1

STP27HB 3 Bus Equivalent Setpoint: 109.25 X 34.951 = 3818VAC

STP2DoB 3  27HCDo = (109.25 - 0.78)VAC = 108.47VAC

STP27H*B3 Min. Bus Equivalent STP: 108.47VAC X 34.951 = 3791VAC

Technical Specification Limit: 3785VAC [Ref. 12.1.3]

STP27HB 3 Margin to TS Limit = (3791 - 3785)VAC = 6VAC

STP270,B3 Margin to TS Limit @ Relay = 6VAC/34.951 = 0.17VAC

STP 27HB 3 Limit: -> (109.25- 0.17)VAC - 109.O8VAC

7.12.23.27H*B3 Undervoltape Acceptable As-Found (AAF) Determination
DO 1025A

STP27H*B3 109.25VAC

STP207°H*B3 Drift: ±0.37VAC [see section7.5.1 1]

STP72,*B3 MTE Effect: ±0.29VAC [see section 7.4.11]

STP2%2,DB 3 AAF Tolerance: ±(DR + MTE) = ±(0.37+0.29)VAC = ±0.66VAC

STP27,B 3 Acceptable As-Found Range: 108.59 to 109.91 VAC

7.12.24.27H*B4 Undervoltaqe Setpoint Limit (Low Voltacie)

STP270,*B4 109.25 VAC

Worst Case PT Ratio: 35.182 [Attachment "1"]

STP27H*B4 Bus Equivalent Setpoint: 109.25 X 35.182 = 3843VAC

STP27 0B 4 * B U427HB4 = (1109.25 - 0.78)VAC = 108.47VAC

STP27H*B4 Min. Bus Equivalent STP: 108.47VAC X 35.182 = 3816VAC

Technical Specification Limit: 3785VAC [Ref. 12.1.3]

STP27,*B4 Margin to TS Limit = (3816 - 3785)VAC = 31VAC

STP27HB 4 Margin to TS Limit @ Relay = 31VAC/35.182 = 0.89VAC

STP 27H*B4 Limit: > (109.25 -0.89)VAC -108.36VAC

7.12.25.27H*B4 Undervoltage Acceptable As-Found (AAF) Determination
DO 109.2

STP27HB4 VAC
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STDO Drf:±.VA

STP27HB4 Drift: +0.37VAC [see section 7.5.13]

STP27H°B4 MTE Effect: ±0.29VAC [see section 7.4.13]

STPz*HB 4 AAF Tolerance: ±(DR + MTE) = ±(0.37+0.29)VAC = ±0.66VAC

STPzB 4 Acceptable As-Found Range: 108.59 to 109.91 VAC

7.12.26.62H*3A Time Delay Setpoint Limit

STP62* 3,A: 8.5 Sec

STP62H, 3A + CU62H*3 A = (8.5 + 0.25) See = 8.75 See

STP62, 3A Margin to TS Limit = (10 - 8.75) Sec = 1.25 Sec

STP672H, 3A Limit: -< (8.5 + 1.25)VAC • 9.75 Sec

7.12.27.62H*3A Time Delay Acceptable As-Found (AAF) Determination
STPD23 A 8.5 Sec

STPH*3A Drift: ±0.17 Sec [see section 7.5.15]

STP6, 3A MTE Effect: ±0.01 Sec [see section 7.4.15]

STP6, 3A AAF Tolerance: ±(DR + MTE) = ±(0.17+0.01)Sec ±0.18 Sec

STPD,3 A Acceptable As-Found Range: 8.32 to 8.68 Sec

7.12.28.62H*3B Time Delay Setpoint Limit

STpT2DH*3B : 18.5 Sec

STP62H*3 B + CU62H*3B = (18.5 + 0.54) Sec = 19.04 Sec

STP62,* 3B Margin to TS Limit = (20 - 19.04) Sec = 0.96 Sec

STP62H, 3B Limit:-• (18.5 + 0.96)VAC -< 19.46 Sec

7.12.29.62H*3B Time Delay Acceptable As-Found (AAF) Determination

STp6T2DH,3B : 18.5 Sec

STPJ2, 3B Drift: ±0.37 Sec [see section 7.5.16]

STP62DH,3B MTE Effect: ±0.01 Sec [see section 7.4.16]
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STP62H,, 3B AAF Tolerance: ±(DR + MTE) = ±(0.37+0.01)Sec = ±0.38Sec

STPD Acceptable As-Found Range: 18.12 to 18.88 Sec6TI2 '*3 B~ceteA I
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7.12.30.SLUR Dropout Avoidance Limit

B3 dropout voltage is 3818VAC (Typical) with an uncertainty of 27.36V

(0.78-34.951). The standard deviation of uncertainty = 27.36/1.96 = 13.96V

The highest B4 dropout voltage is related to Bus "G" with a setpoint of 3855V and
an uncertainty of 27.63V (0.78V*35.287). The standard deviation of uncertainty =
27.63V/1.96 = 14.10V

Since both relays must actuate for the dropout function, we have to find the
highest voltage at which there is more than 5% probability that both relays will
actuate. Graphically under the normal distribution curve, the product of Area "A"
and "B" should be less than 0.05.

> >
Co .n
CO Co

0.03

0.025

0.02

0.015 -

0.01.Area"A"

0.005 BXCY2 Rre'B

.05

3650 3700 3750 3800 3850 3900 3950 4000 4050

-- - B3 Typical I 2-27HGB4

At 3840V the probability of B3 actuating is:

Z = (3840-3818) / 13.96 = 1.58

This "z" value corresponds to 5.71% probability

At 3840V the probability of B4 actuating is:

Z = (3840 - 3855) / 14.10 = -1.06

Since the Z value is negative, the probability will be 50% + (50% - probability of
absolute value of Z value 1.06).

This "Z" value corresponds to 14.46% probability

Hence the probability of B4 actuating at 3840 is 50% + 50% - 14.46% = 85.54%

The probability of both B3 and B4 actuating is 5.71% * 85.54% = 4.9%
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Therefore:

The SLUR Trip Avoidance Limit is 3840V or 92.31% of bus rated voltage
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7.13. Maximum Pickup Voltacle (Reset)

7.13.1. 27H*B2 Diesel Start Reset
Per Attachment 11, the lowest reset dropout ratios for B2 diesel start function are

as follows:

Device Average Dropout Ratio Lower Limit of Dropout Ratio

1/2-27H*B2 - 27P 0.98127 0.97670

1/2-27H*B2 - 127P 0.98066 0.97653

1/2-27H*B2 - 27X 0.98104 0.97527

Setpoint and Reset Voltage for Diesel Start (27P) Bus Voltage (VAC)

Setpoint for Diesel Start in 4.7 Sec: 2667

Average Reset for Diesel Start in 4.7 Sec: 2718
(2667/0.98127)

Maximum Setpoint for Diesel Start in 4.7 Sec:
[STP + CU*(1.645/1.96)] (95% confidence limit single Sided) 2715

2667 + (1.632*34.951)*(1.645/1.96)

Maximum Reset Voltage for Diesel Start in 4.7 Sec:

(2715/0.97670) 
2780

Setpoint and Reset Voltage for Diesel Start (127P) Bus Voltage (VAC)

Setpoint for Diesel Start in 1.9 Sec: 1070

Average Reset for Diesel Start in 1.9 Sec: 1091
(1070/0.98066)

Maximum Setpoint for Diesel Start in 1.9 Sec:
[STP + CU*(1.645/1.96)] (95% confidence limit single Sided) 1091

1070 + (0.722*34.951)*(1.645/1.96)

Maximum Reset Voltage for Diesel Start in 1.9 Sec: 1117
(1091/0.97653)
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Setpoint and Reset Voltage for Diesel Start (27X) Bus Voltage (VAC)

Setpoint for Diesel Start in 0.65 Sec: 818

Average Reset for Diesel Start in 0.65 Sec: 834
(818/0.98104)

Maximum Setpoint for Diesel Start in 0.65 Sec:
[STP + CU*(1.645/1.96)] (95% confidence limit single Sided) 838

818 + (0.662*34.951)*(1.645/1.96)

Maximum Reset Voltage for Diesel Start in 0.65 Sec: 859

(837 / 0.97527)
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7.13.2. 27H*T1 & 27H*T2 Load Shed Reset

Since for the Load Shed reset a "1-out-of-2" logic is employed, the T1 relays will
reset sooner than the T2 due to their lower setpoints (and thus reset points).

Per assumption 3.7, the ABB 27N and 59N relays allow for setting the Dropout
(Actuate) setting as a percentage of the Pickup (Reset) setting. This calculation
has taken the position of calculating a setpoint for the dropout of the relays and
the pickup will be calculated as a percentage of the dropout setting. Accordingly,
this calculation assumes that the uncertainty impacts the dropout setting and that
the dropout and pickup settings will drift together in the same direction and not
independently of each other. Hence there will be no additional uncertainty applied
to the pickup setting.

Reset of the FLUR Load Shed will only occur once 27H*T1A has reset. Since the
reset of 27H*T1A will be set as a percentage of the dropout, it is conservative to
assume the highest dropout voltage for 27H*T1A.

Highest dropout = 96.5 + .75VAC = 97.25VAC

The dropout will be set at 99% of the pickup setting. Hence pickup will be:

Highest pickup = 97.25VAC / 99% = 98.24VAC

This corresponds to a bus voltage of 98.24 x 34.951 = 3433VAC

The highest bus voltage that a reset will occur by a T1A device is 3433V or
82.52%.

Reset of the FLUR Load Shed will only occur once 27H*T1 B has reset. Since the
reset of 27H*T1 B will be set as a percentage of the dropout, it is conservative to
assume the highest dropout voltage for 27H*T1 B.

Highest dropout = 90.5 + .72VAC = 91.22VAC

The dropout will be set at 99% of the pickup setting. Hence pickup will be:

Highest pickup = 91.22VAC / 99% = 92.14VAC

This corresponds to a bus voltage of 92.14 x 34.951 = 3220VAC

The highest bus voltage that a reset will occur by a T1 B device is 3220V or
77.41%.

Reset of the FLUR Load Shed will only occur once 27H*T1C has reset. Since the
reset of 27H*T1 C will be set as a percentage of the dropout, it is conservative to
assume the highest dropout voltage for 27H*T1 C.

Highest dropout = 78.6 + .69VAC = 79.29\VAC

The dropout will be set at 99% of the pickup setting. Hence pickup will be:

Highest pickup = 79.29VAC / 99% = 80.09VAC

This corresponds to a bus voltage of 80.09 x 34.951 = 2799VAC

The highest bus voltage that a reset will occur by a T1 C device is 2799V or
67.29%.
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7.13.3. SLUR Diesel Start & Load Shed Reset

The setpoints for SLUR undervoltage relays (27H*B3 & 27H*B4) are selected
such that the corresponding bus voltage will be as close to each other as
possible. Therefore, in calculating the "1-out-o-2" logic, a voltage must be selected
that the probability of at least one relay resetting will equate to 95%. This is
accomplished using the following procedure:

(1) The setpoints both at the relay and corresponding voltages on the bus,
channel uncertainty and pickup ratio are tabulated in the following tables.

(2) The expected average reset is equal to the device setpoint divided by the
average pickup ratio for that device.

(3) The highest reset is related to the uncertainty associated with the pickup ratio.
In the previous revision of this calculation an uncertainty of 0.59% was
calculated for the existing Westinghouse hardware. In this calculation, for the
purpose of conservatism an uncertainty of 0.7% will be assumed for the new
ABB relay.

(4) For each pair of devices a voltage is selected. The difference between this
selected value and the highest reset voltage calculated in step 3 divided by
the standard deviation of uncertainty will provide us with the "Z" value for the
standard Gaussian table. The calculated uncertainty of the drop out (CUDO) is
calculated at 95% confidence level for a two sided distribution (i.e.; 1.96 X T).
The standard deviation of error is calculated for each device by dividing the
dropout uncertainty by 1.96.

(5) Using the standard Gaussian distribution table the probability for each 'T"
value is obtained. The probability of each device not resetting is the area
under normal distribution curve corresponding to this "Z" value. The probability
of each device not resetting is calculated. The probability of neither devices
resetting is the product of the probability of each device not resetting. The
selected voltage will be adjusted till the probability of neither device resetting
is less than 5%. The probability of at least one device resetting is equal to one
minus this latter value.

The result of the above procedure is tabulated in the following tables:
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Units 1&2, Second Level Undervoltage Relay (SLUR) Reset Summary

Device 27HFB3 27HFB4 27HGB3 27HGB4 27HHB3 27HHB4

Setpoint @ Relay 109.25 109.25 109.25 109.25 109.25 109.25

PT Ratio 34.951 35.182 34.951 35.287 34.951 35.224

Setpoint @ 4KV Bus 3818 3844 3818 3855 3818 3848

Relay Uncertainty 0.78 0.78 0.78 0.78 0.78 0.78

Uncertainty @ Bus 27 27 27 28 27 27

Standard Deviation of 13.9 14.0 13.9 14.0 13.9 14.0
Uncertainty @ Bus

Pickup (Reset) Ratio 0.99 0.99 0.99 0.99 0.99 0.99

Average Reset Point (VAC) 3857 3882 3857 3894 3857 3887

Highest Reset (VAC) 3884 3910 3884 3922 3884 3915

Setpoint (% Bus Voltage) 91.79% 92.40% 91.79% 92.67% 91.79% 92.51%

Highest Rest (% Bus Voltage) 93.37% 93.99% 93.37% 94.27% 93.37% 94.10%

Voltage corresponding to 95% 3877 3879 3878
Reset

% Bus Voltage corresponding 93.20% 93.25% 93.22%
to 95% Reset

Z Value 1.44 -0.39 1.58 -1.07 1.51 -0.65

Probability Not Resetting 7.49% 65.17% 5.71% 85.77% 6.55% 74.22%

Probability of 1-out-of-2 Reset 95.12% 95.10% 95.14%
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8. Results: Presented graphically as follows

Undervoltage Function

3373 VAC '1A 'AAF

3347V -•• 3351V J

AL: 3328 VAC t M =19 V

3188V__

3163 VAC TIB STP 
3184

3142V
3138V

AL: 3120 VAC M=18 V

2771V-,

2747 VAC TIC STP

2723V -

AL: 2704 VAC

2667 VAC B2-27P STI

TS Limit: 2583 VAC

1070 VAC 92-127P STP

Time Delay Function

Limit =10.OSec

Margin =0.98Sec
Max STP: o 9.02 Sec

CU =1.02Sec
STP: - 1 8.0 Sec

TiA Time Delay

Limit =6.0 Sec

Margin =0.28 Sec

Max STP: 1 5.72 Sec
CU =0.72Sec

STP: - 5.0 Sec

T1 B Time Delay

Limit =4.0 Sec
Margin =0.53 Sec

Max STP:- 3.53 Sec
Cu =o.53Sec

STP: - . 3.0 Sec

T1 C Time Delay

TS Limit = 10 Sec

Margin = 4.98 Sec
Max STP: - 6.02 Sec

CU= 0.32 Sec
STP: - P 4.7 Sec

27P Time Delay

1095V ___

S1048VtAAF

1045V -- V

818 VAC

TS Limit: 0 VAC

TS Limit = 0.8 Sec

Margin = 0.08 Sec
Max STP:- - 10.72 See

CU =0.07 Sec
STP: - 0.65 Sec

27X Time Delay
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SLUR Setpoints

3871V--4_

3843 VAC B4 STP 3866V JAAF

3816nV- 3820V1

3846V.

3818 VAC 133 PAAF

3791V, 3795VJ

TS Limit: 3785 VAC" 
IM= 6V

M = 31V

i -

TS Limit Load Shed: 20 Sec

18.5 Sec 3B Time Delay S

19 1.04 Sec Ifj M = 0.96 sec

TP ~18.88 Sec1
AAF

17.096 S Mr8,8A18.12 Sec J

17.9696Sscc

TS Limit Diesel Start: 10 Sec
M = 1.25 sec

8.75 Sec.Ai
8.68 Sec

8.5 Sec 3A Time Delay Setpoint - AAF

8.32 Sec J
8.25 Sc-,

I Note: This graph represents the worst case uncertainty and not a typical value
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Results presented in tabular format:

First Level Undervoltage Relay (FLUR) Setpoint Summary

> >

Device C

• - • C) 9L

RCA: 1.53 From: From:
1I/2-27H*B2-27P RMTE: 0.271 7.7 21

76.3 34.951 2667 2583 73.90 1.632 57 74.77 2613 27 0.76
(Undervoltage-VAC) RD: 0.5 To: To:

RTE: 0 77.83 2720
RCA: 0.61 From: From:

1/2-27H*B2-1 27P RMTE: 0.243 29.9 104
30.6 34.951 1070 NA NA 0.722 25 29.99 1048 NA NA

(Undervoltage-VAC) RD: 0.3 To: To:
RTE: 0 31.21 1091

RCA: 0.5 From: From:
I/2-27H*B2-27X RMTE: 0.239 22.76 796

23.4 34.951 818 0 0.00 0.662 23 795 22.74
(Undervoltage-VAC) RD: 0.4 To: To:

RTE: 0 24.04 840
RCA: 0.3 From: From:

1/2-27H*B2-27P RMTE: 0.0003 4.40 4.404.7 NA 4.7 10 10 0.316 0.316 4.98 4.98
(Time Delay-Sec) RD: 0.1 To: To:

RTE: 0 5.0 5.0
RCA: 0.1 From: From:

1/2-27H*B2-127P 1.9 NA 1.9 NA NA RMTE: 0.0002 0.112 0.112 1.80 1.80 NA NA
(Time Delay-Sec) RD: 0.05 To: To:

RTE: 0 2.0 2.0
RCA: 0.05 From: From:

1/2-27H*B2-27X RMTE: 0.0001 0.60 0.60
0.65 NA 0.65 0.8 0.8 0.071 0.071 T 0.08 0.08(Time Delay-Sec) RD: 0.05 To: To:

RTE: 0 0.70 0.70
RCA: 0.5 From: From:

1/2-27H*TIA RMTE: 0.28 95.88 3351
96.5 34.951 3373 3328 95.2 RD: 0.34 0.75 26 To: To: 19 0.54(Undervoltage-VAC) RTE: 0.32 97.12 3394

RME: 0.1 1 1
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First Level Undervoltage Relay (FLUR) Setpoint Summary

• • •" •t: Qn t:: @ "
D e v i c e @ )••N" •==®"

RCA: 0.5 From: From:

1/2-27H*T1B RMTE: 0.28 89.91 3142

(Udrotg-A) 90.5 34.951 3163 3120 89.3 RD: 0.31 0.72 25 To: To: 18 0.51
(Unerolag-VC)RTE: 0.30 91.09 3184 •

RME: 0.09

RCA: 0.5 From: From:

1/2-27H'TIC RMTE: 0.27 78.06 2728

(Udrotg-A) 78.6 34.951 2747 2704 77.4 RD: 0.27 0.69 24 To: To: 19 0.55RTE: 0.26 79.14 2766

RME: 0.08
RCA: 1.0 From: From:

RMTE: 0.01 7.00 7.00
9/2-27H*TlA (Time 8.0 NA 8.0 10.0 10.0 RD: 0.18 1.02 1.02 To: To: 0.98 0.98

Delay-Sec) ) RTE: 0.0 9.00 9.00

RME: 0.0

RCA: 0.7 From: From:

RMTE: 0.01 4.30 4.307/2-27H*TIB (Time 5.0 NA 5.0 6.0 6.0 RD: 0.18 0.72 0.72 To: To: 0.28 0.28
Delay-Sec) RTE: 0.0 5.70 5.70

RME: 0.0

RCA: 0.50 From: From:

RMTE: 0.01 2.50 2.50
1/2-27H*TIC (Time 3.0 NA 3.0 4.0 4.0 RD: 0.18 0.53 0.53 To: To: 0.47 0.47

Delay-Sec) RTE: 0.0 3.50 3.50

RME: 0.0
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First Level Undervoltage Relay (FLUR) Setpoint Summary
0

t .t

Device .2 C0
0, ... 2" ,

RCA: 0.5 From: From:

RMTE: 0.28 97.38 34261 /2-27HFT2(UndervoT A 98.0 35.182 3448 3411 96.95 RD: 0.34 0.75 26 To: To: 11 0.31
- RTE: 0.32 98.62 3470

RME: 0.10

RCA: 0.5 From: From:

RMTE: 0.28 97.38 34361/2-27HGT2(Undervot A 98.0 35.287 3458 3411 96.66 RD: 0.34 0.75 26 To: To: 21 0.60
(Undervoltage-VAC) RTE: 0.32 98.62 3480

RME: 0.10

RCA: 0.5 From: From:

RMTE: 0.28 97.38 34301 /2-27HHT2(Undervota 98.0 35.224 3452 3411 96.84 RD: 0.34 0.75 26 To: To: 15 0.42
RTE: 0.32 98.62 3474

RME: 0.10

File Name: 9000041128 (357S) Rev idoc 6/22/2011
File Name: 9000041128 (357S) Rev 1.doc 6/22/2011



CALCULATION NUMBER: 9000041128 REVISION: 1 PAGE 70 OF 152

CALCULATION TITLE: 4.16 kV Bus FLUR & SLUR Setpoint Calculation

DATE: 03/22/2011

Second Level Undervoltage Relay (SLUR) Setpoint Summary

D e v ic e @ • • 

" •

.- - .'-

RCA: 0.50 From: From:
RMTE: 0.29 108.59 37951/2-27HF/G/HB3 109.25 34.951 3818 3785 108.29 RD: 0.37 07 27 To: To: 0 1

RTE 036109.91 3841RME: 0.11
RCA: 0.11 From: From:

RMTE: 0.50 108.59 3820I/2-27HFB4 109.25 35.182 3844 3785 107.58 RD: 0.37 0.78 28 To-o 31 0.89

RTE: 0.361 9.136
309 3867

RME: 0.11
RCA: 0.50 From: From:

RMTE: 0.29 108.59 38321/2-27HGB4 109.25 35.287 3855 3785 107.26 RD: 0.37 0.78 28 To: To: 42 1.20

RTE 036109.91 3878RIME: 0.11
RCA: 0.50 tFr om: # From:

RMTE: 0.29 108.59 38251/2-27HHB4 109.25 35.224 3848 3785 107.46 RD .7 0.78 28 T o To : 35 1.00
RTE: 0.376o o

RTE:0.36109.91 3871•RME: 0.11
RCA: 0.05 From: From:

RMTE: 0.01 8.32 8.321/2-62H F /G/H 3A 8.5 N A 8.5 10.0 10.00 RD : 0.1 0.25 0.25 To To: 1.25 1 .25
RTE:70T05

RTE 0058.68 8.68
RME: 0.17
RCA: 0.1 From: From:

RMTE: 0.01 18.12 F18. 12I/2-62H F/G /H 3B 18.5 N A 18.5 20.0 20.00 R D : 0 30 54 0.54 T o To: 0.96 0.96

RTE: 0.11
RME 03718.88 18.88

RME:0.3
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Inputs to other Calculations

FLUR 2/2 T1A&T2 Logic Load Shed Lowest Voltage:
3351V or 80.55% < 8.86 sec [Section 7.9]

FLUR 2/2 T1 B&T2 Logic Load Shed Lowest Voltage:
3142V or 75. 5% < 5.60 sec [Section 7.9]

FLUR 2/2 T1C&T2 Logic Load Shed Lowest Voltage:
2727V or 65.55% < 3.44 sec [Section 7.9]

FLUR 1/2 TIA &T2 Logic Load Shed Maximum Reset Voltage:
3433V or 82.52% [section 7.13.2]

FLUR 1/2 TIB &T2 Logic Load Shed Maximum Reset Voltage:
3220V or 77.41% [section 7.13.2]

FLUR 1/2 TIC &T2 Logic Load Shed Maximum Reset Voltage:
2799V or 67.29% [section 7.13.2]

FLUR 2/2 TIA & T2 Load Shed Trip Avoidance Limit:
3395V or 81.61% [Section7.9]

FLUR 2/2 T1 B & T2 Load Shed Trip Avoidance Limit:
3184V or 76.54% [Section7.9]

FLUR 2/2 T1 C & T2 Load Shed Trip Avoidance Limit:
2767V or 66.52% [Section 7.9]

FLUR Diesel Start Minimum & Maximum Bus Voltage
B2-27P: Setpoint = 2667V Bus Voltage (64.10%) [Section 7.12.1]

From 2610V to 2724 (62.73% to 65.48%), EDG starts within 4.7 Sec ±0.32 Sec

B2-127P: Setpoint = 1070V Bus Voltage (25.71%) [Section 7.12.2]
From 1044V to 1095V (25.10% to 26.32%), EDG starts within 1.9 Sec ±0.11 Sec

B2-27X: Setpoint = 818V Bus Voltage (19.66%) [Section 7.12.3]
From 795V to 841 (19.11% to 20.22%), EDG starts within 0.65 Sec ±0.07 Sec

FLUR Diesel Start Maximum Reset Voltage - Section 7.13.1
B2-27P: 2780V or 66.38% bus voltage
B2-127P: 1117V or 26.85% bus voltage
B2-27X: 859V or 20.65% bus voltage

SLUR 2/2 Logic for Diesel Start & Load Shed Lowest Voltage - Section 7.10
3791V or 91.13% bus voltage

SLUR 1/2 Logic Diesel Start & Load Shed Maximum Reset Voltage - Section 7.13.3
3879V or 93.25% bus voltage
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SLUR 2/2 Trip Avoidance Limit - Section 7.12.30
3840V or 92.31% bus voltage

SLUR Timer Min & Max Timeout
EDG Start Setpoint = 8.5Sec ± 0.25Sec [Section 7.12.26]

Single sided uncertainty (CU * 1.645/1.96) = -0.21 Sec OR +0.21 Sec
Load Shed Actuation = 18.5Sec ± 0.54Sec [Section 7.12.28]

Single sided uncertainty (CU * 1.645/1.96) = -0.45Sec OR +0.45Sec
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9. Margin Assessment

FLUR Setpoints

Margin @ Margin @Device Setpoint TS Limit Relay 4KV Bus

22.74 VAC 795 VAC
27H*B2-27X 23.4 VAC @ 0.65 Sec OVAC @ <0.8 Sec 0.08 Sec 08 C

0.08 SeC 0.08 SeC

27H*B2-27P 76.3 VAC @ 4.7 Sec 2583VAC @ <10 Sec 0.76 VAC 27 VAC
4.98 Sec 4.98 Sec

0.54 VAC 19VAC
27H*T1A 96.5 VAC @ 8.0 Sec 3328VAC @ < 10 Sec 0.98 SeC 098SC

0.98 Sec 0.98 Sec

0.51 VAC 18 VAC
27H*T1B 90.5 VAC @ 5.0 Sec 3120VAC @ < 6 Sec 0.28 SeC 08 SeC

0.28 Sec 0.28 Sec
0.55 VAC 19 VAC

27H*T1C 78.6 VAC @ 3.0 Sec 2704VAC @ < 4 Sec 0.47 SeC 04 SeC
0.47 Sec 0.47 Sec

27H*T2 98.0 VAC instantaneous 3411 VAC instantaneous 0.31 VAC 11 VAC

SLUR Setpoints

Device Setpoint TS Limit Margin @ Margin @

Relay 4KV Bus

27H*B3 109.25 VAC 3785 VAC 0.17 VAC 6 VAC

27H*B4 109.25 VAC 3785 VAC 0.89 VAC 31 VAC

62H*3A 8.5 Sec 10 Sec 1.25 Sec 1.25 Sec

62H*3B 18.5 Sec 20 Sec 0.96 Sec 0.96 Sec

Fije Name: 9000041128 (357S) Rev idoc 6/22/2011
File Name: 9000041128 (357S) Rev 1.doc 6/22/2011



CALCULATION NUMBER: 9000041060 REVISION: 1 PAGE 74 OF 152

CALCULATION TITLE: 4.16 kV Bus FLUR & SLUR Setpoint Calculation

DATE: 01/12/2011

10. Conclusion

10.1. The FLUR dropout undervoltage and time delay setpoints adequate margin from TS
allowable values [Acceptance criteria 6.1].

10.2. The SLUR dropout undervoltage and time delay setpoints provide adequate margin from
TS allowable values [Acceptance criteria 6.2].

10.3. The adequacy of SLUR and FLUR to protect vital 4kV motors from tripping on an
undervoltage event will be evaluated in calculation 170-DC.

10.4. The adequacy of SLUR dropout setpoint to prevent unnecessary and spurious actuation
of protection system shall be evaluated in calculation 359-DC.

10.5. The impact of highest SLUR reset voltage on ability to maintain connection to offsite
power source will be evaluated in 357A-DC [Ref. 12.1.56].

10.6. The adequacy of diesel generator time delay shall be evaluated in calculation 357A-DC.

10.7. The maximum time of 16 seconds established as the acceptance criteria for the load tap
change in sections 7.3.8 and 7.5.8 of the electrical maintenance procedure MP E-62.3
[Ref. 12.1.8] provides more than 95% probability that the SLUR will not actuate before
voltage is recovered by the load tap changer. The SLUR timer uncertainty is 0.54 sec.
The standard deviation of uncertainty = 0.54 sec /1.96 = 0.28 sec. The margin between
the nominal setpoint of 18.5 seconds and 16 seconds LTC acceptance criteria is 1 sec
or equal to 8.93Z (Z = [18.5 sec-16 sec] / stdev). Based on standard normal distribution
table, the 8.93Z corresponds to < 0.01%. This means there is greater than a 99.99%
probability that the SLUR will not actuate before completion of the third load tap change.
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11. Impact Evaluation

.11.1. The change in FLUR Analytical Limits will require a change to Technical Specifications
Surveillance Requirements SR 3.3.5.3 as well as the Technical Specification Bases. This
change is currently being tracked by notification 50301167 Task 13 and will require
submittal of an LAR.

11.2. MP E-50.33A requires revision to remove the FLUR's and SLUR's from the scope of this
procedure. The FLUR's and SLUR's will no longer use SSV-T relays hence this procedure
no longer applies to them. This is being tracked by Order 68012804 Operation 30.

11.3. MP E-50.61 requires revision to remove the 27H*T1 relays from the scope of this procedure.
The "TI" relays will not longer use Basler BE1-27 relays hence this procedure no longer
applies to them. This is being tracked by Order 68012804 Operation 40.

11.4. MP E-50.62: The Acceptable As-Found values established in this calculation are based on
the historical performance of the undervoltage relays and timers. These values are more
restrictive than those used in the calibration procedures. As-Found setpoints outside the
limits established in this calculation could be early sign of relay degradation and should
trigger performance monitoring at a higher frequency. This calibration procedure should be
revised to reflect the Acceptable-As-Found values established in this calculation. This will be
tracked by order 68012804 Operation 140.

11.5. STP M-75F, G & H require a complete revision based on the design change to the hardware
as well as changes to setpoints and acceptable as-left tolerences via this calculation. This
will be tracked by order 68012804 Operation 50.

11.6. STP M-13F, G & H require revision based on the design change to the hardware as well as
changes to setpoints and acceptable as-left tolerences via this calculation. This will be
tracked by order 68012804 Operation 60.

11.7. Calculation 359-DC must be evaluated for impact. Order 68012804 Operation 70 has been
created to track evaluation of potential impact on calculation 359-DC.

11.8. Calculation 357R-DC shall be superseded by this calculation. Order 68012804 Operation 80
has been created to track voiding this calculation.

11.9. Calculation 357A-DC must be evaluated for impact. Order 68012804 Operation 90 has been
created to track evaluation of potential impact on calculation 357A-DC.

1.1.10. Calculation 170-DC must be evaluated for impact. Order 68012804 Operation 100 has been
created to track evaluation of potential impact on calculation 170-DC.

11.11. FSAR section 8.3 will require revision based on the changes in design and per this
calculation. Order 68012804 Operation 110 has been created to track revision FSAR
Section 8.3.

11.12. DCM T-18 will require revision based on the changes in design and per this calculation.
Order 68012804 Operation 120 has been created to track revision to DCM T-18.

11.13. DCM S-63 will require revision based on the changes in design and per this calculation.
Order 68012804 Operation 130 has been created to track revision to DCM S-63.
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ATTACHMENT "1"
PT Burden Calculation

UNIT 1
PT Burden of 4.16 KV Bus FI

VA VA VA W W W
ELECT. PHASE PHASE PHASE PHASE PHASE PHASE

REF DWG NO. TAG NO. LOC MFR MODEL A-B B-C A-C A-B B-C A-C Remarks
437533 R40 VM H01 WE KA241 1.79 1.75

437614 R33 27HFB4 TBD ABB 59N 0.5 0.5

437614 R33 27HFB3 TBD ABB 59N 0.5 0.5

437614 R33 & Basler
Publication 9318700990
Page 1-13 27HFB2 SHF12 Basler BE1-GPS100E4N1H0 I 1

437614 R33 27HFBI SHF12 ABB 47H-412N0275-V 0.5 0.5 0.5 0.5

437614 R33 27HFT1A TBD ABB 27N 0.5 0.5

437614 R33 27HFT1B TBD ABB 27N 0.5 0.5

437614 R33 27HFT1C TBD ABB 27N 0.5 0.5

437614 R33 27HFT2 TBD ABB 59N 0.5 0.5

437614 R33 & 445077 R3 YM418A CHF (VB4) Action Instruments AP6380 5 5

437614 R33 & A0520041 W LT (1) SHFl2 GE 24EX/ET-6 3.66 3.66

437614 R33 & A0520041 W LT (1) SHFI2 GE 24EX/ET-6 3.66 3.66
Load divided on

437614 R33 & A0520041 W LT (1) SHFI2 GE 24EX!ET-6 1.83 1.83 3.66 1.83 1.83 3.66 two transformers

437614 R33 W LT CHF WE EZC 3.6 3.6

437614 R33 & 437666 R30 W LT SHF7 GE ET-16 5.33 5.33

437614 R33 & 437594 R30 W LT CNAS WE EZC 3.6 3.6

437614 R33 & 437594 R30 W LT SHF8 GE ET-16 5.33 5.33

437614 R33 & 437583 R24 W LT SHF9 GE ET-16 5.33 5.33

437614 R33 & 437583 R24 W LT CB WE EZC 3.6 3.6

437614 R33 & 437664 R17 W LT SHF13 WE Er-16 5.33 5.33

437614 R33 & 437593 R31 37HF12 SHFI2 Rochester 1200L 0.5 0.5

437614 R33 & 437589 R16 W LT SHFI5 GE ET-16 5.33 5.33

437614 R33 & 437589 R16 W LT CNSI WE EZC 3.6 3.6

437614 R33 & 437621 R23 W LT SHF14 GE ET-16 5.33 5.33

437614 R33 & 437593 R31 W LT CNCC WE EZC 3.6 3.6

437614 R33 & 437593 R31 W LT SHF12 GE ET-16 5.33 5.33

437614 R33 & 437595 R30 W LT SHF11 GE ET-16 5.33 5.33

437614 R33 & 437595 R30 W LT CNV WE EZC 3.6 3.6

437533 R40 WM CHF WE KP241 2.5 2.5 2.5 2.5

437533 R40 VAR CHF WE KP241 2.5 2.5 2.5 2.5

437595 R30 IHF1 IfTD SHFI1 AGASTAT ETR-1413A 6 6

437595 R30 2HFI I/TD SHFlI AGASTAT ETR-1413B 6 6

437595 R30 IHFI IA/TD SHF11 AGASTAT ETR-1413A 6 6

437595 R30 2HFtI A/TD SHFI 1 AGASTAT ETR-1413D 6 6

437594 R30 2HF8 SHF8 AGASTAT ETR- 1413D 6 6

437594 R30 2HF8A SHF8 AGASTAT ETR-1413D 6 6
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ATTACHMENT "1"

PT Burden Calculation

UNIT I
PT Burden of 4.16 KV Bus F

VA VA VA W W W
ELECT. PHASE PHASE PHASE PHASE PHASE PHASE

REF DWG NO. TAG NO. LOC MFR MODEL A-B B-C A-C A-B B-C A-C Remarks
437583 R24 2HF9 SHF9 AGASTAT ETR-1413D 6 6
437583 R24 2HF9A SHF9 AGASTAT ETR-1413D 6 6
437589 R16 2HF15 SHFI5 AGASTAT ETR-1413B 6 6
437600 R31 K608XF2 SPF P&B KHU-17A16-120 1.2 0.47
437600 R31 K609XF1 SPF P&B KHU-17A16-120 1.2 0.47
437600 R31 4HFXFI1 SPF P&B KHU-17A16-120 1.2 0.47
437600 R31 4HFXF2 SPF P&B KHU-,17A16-120 1.2 0.47
437593 R31 1HFI2/TD SHFI2 AGASTAT ETR-1413A 6 6
437593 R31 2HF12/TD SHFI2 AGASTAT ETR-1413D 6 6
437593 R31 1HF12A/TD SHFI2 AGASTAT ETR-1413A 6 6
437593 R31 2HF12A/TD SHFI2 AGASTAT ETR-1413B 6 6

Y_ = 22.59 157.72 22.59 154.76
PF=/ Y-vA = 1.00 0.98 I

Based on the GE "Potential Transformer Characteristic Ratio and Phase Angle Curve" [Attachment 2], the ratio correction factor for the

transformer with nominal 35:1 ratio is

For PF 1.00 & 22.59VA Burden: 0.9986 (A-B Phase)

For PF 0.98 & 157.72VA Burden: 1.0052 (B-C Phase)

Therefore the corrected transformer ratio is:

A-B Phase: 0.9986 X 35 = 34.951

B-C Phase: 1.0052 X 35 = 35.182



CALCULATION NUMBER: 9000041128 REVISION: 1; LEGACY NUMBER: 357S-DC Page 81 of 152

ATTACHMENT "1"

PT Burden Calculation

UNIT I
PT Burden of 4.16 KV Bus G

VA VA VA W W W

ELECT. PHASE PHASE PHASE PHASE PHASE PHASE
REF DWG NO. TAG NO. LOC MFR MODEL A-B B-C A-C A-B B-C A-C Remarks

437533 R40 VM H01 WE KA241 1.79 1.75
437614 R33 27HGB4 TBD ABB 59N 0.5 0.5
437614 R33 27HGB3 TBD ABB 59N 0.5 0.5
437614 R33 & Basler
Publication 9318700990
Page 1-13 27HGB2 SHGI2 Basler BE1-GPS100E4NIH0 I
437614 R33 27HGBI SHGI2 ABB 47H-412N0275-V 0.5 0.5 0.5 0.5

437614 R33 27HGT1A TBD ABB 27N 0.5 0.5
437614 R33 27HGT1B TBD ABB 27N 0.5 0.5

437614 R33 27HGT1C TBD ABB 27N 0.5 0.5
437614 R33 27HGT2 TBD ABB 59N 0.5 0.5
437614 R33 & 445077 R3 YM419B CHG (VB5) Action Instruments AP6380 5 5

437614 R33 & A0520041 W LT(1) SHG12 GE 24EX/ET-6 3.66 3.66
437614 R33 & A0520041 W LT (1) SHG12 GE 24EX/ET-6 3.66 3.66

Load divided on
437614 R33 & A0520041 W LT (1) SHG12 GE 24EX/ET-6 1.83 1.83 3.66 1.83 1,83 3.66 two transformers
437614 R33 W LT CHG WE EZC 3.6 3.6
437614 R33 & 437666 R30 W LT SHG5 GE ET-16 5.33 5.33
437614 R33 & 437664 R17 W LT SHG13 GE ET-16 5.33 5.33
437614 R33 & 437621 R23 W LT SHG14 GE ET-16 5.33 5.33
437614 R33 & 437593 R31 W LT SHGI2 GE ET-16 5.33 5.33
437614 R33 & 437593 R31 W LT CNCC WE EZC 3.6 3.6
437614 R33 & 437593 R31 37HG12 SHG12 Rochester 1200L 0.5 0.5

437614 R33 & 437591 R23 W LT SHG8 GE ET-16 5.33 5.33
437614 R33 & 437591 R23 W LT CNR WE EZC 3.6 3.6
437614 R33 & 437590 R19 W LT SHG7 GE ET-16 5.33 5.33
437614 R33 & 437590 R19 W LT CNCS WE EZC 3.6 3.6
437614 R33 & 437594 R30 W LT SHG6 GE ET-16 5.33 5.33
437614 R33 & 437594 R30 W LT CNAS WE EZC 3.6 3.6
437614 R33 & 4008756 R8 W LT SHGI1 GE ET-16 5.33 5.33

437614 R33 & 4008756 R8 W LT CNV WE EZC 3.6 3.6
437614 R33 & 437595 R30 W LT SHG9 GE ET-16 5.33 5.33
437614 R33 & 437595 R30 W LT CNV WE EZC 3.6 3.6

437533 R40 WM CHG WE KP241 2.5 2.5 2.5 2.5
437533 R40 VAR CHG WE KP241 2.5 2.5 2.5 2.5
437595 R30 IHG9/TD SHG9 AGASTAT ETR-1413A 6 6
437595 R30 •. 2HG9/TD SHG9 AGASTAT ETR-1413B 6 6

437595 R30 IHG9A/TD SHG9 AGASTAT ETR-1413A 6 6
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IT "1"

ulation

UNIT 1
PT Burden of 4.16 KV Bus G

VA VA VA W W W
ELECT. PHASE PHASE PHASE PHASE PHASE PHASE

REF DWG NO. TAG NO. LOC MFR MODEL A-B B-C A-C A-B B-C A-C Remarks
437595 R30 2HG9AiTD SHG9 AGASTAT ETR-1413D 6 6
437594 R30 2HG6 SHG6 AGASTAT ETR-1413D 6 6
437594 R30 2HG6A SHG6 AGASTAT ETR-1413D 6 6
437590 R19 & RPE E-
07664 K645BX SHG7 P&B MDR-4103-1 18 4
437593 R31 1HG12/TD SHG12 AGASTAT ETR-1413A 6 6
437593 R31 2HG12/TD SHG12 AGASTAT ETR-1413D 6 6
437593 R31 1HGI2A/TD SHG12 AGASTAT ETR-1413A 6 6
437593 R31 2HG12A/TD SHG12 AGASTAT ETR-1413B 6 6
437600 R31 K608XGI SPG P&B KHU-17A16-120 1.2 0.47
437600 R31 K609XG2 SPG P&B KHU-17A16-120 1:2 0.47
437600 R31 4HGXGI SPG P&B KHU- 17A 16-120 1.2 0.47
437600 R31 4HGXG2 SPG P&B KHU-17A16-120 1.2 0.47
437591 R25 2HG8/TD SHG8 AGASTAT ETR-1413B 6 6
437626 R32 2K617 RNSOB AGASTAT ETR-1413D 6 6

___= 22.59 178.65 22.59 161.69
PF =1W /IVA = 1.00 0.91

Based on the GE "Potential Transformer Characteristic Ratio and Phase Angle Curve" [Attachment 2], the ratio correction factor for the

transformer with nominal 35:1 ratio is

For PF 1.00 & 22.59VA Burden: 0.9986 (A-B Phase)

For PF 0.91 & 178.65VA Burden: 1.006 (B-C Phase)

Therefore the corrected transformer ratio is:

A-B Phase: 0.9986 X 35 = 34.951

B-C Phase: 1.0082 X 35 = 36.287
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ATTACHMENT "1"

PT Burden Calculation

UNIT I
PT Burden of 4.16 KV Bus H

VA VA VA W W W
ELECT. PHASE PHASE PHASE PHASE PHASE PHASE

REF DWG NO. TAG NO. LOC MFR MODEL A-B B-C A-C A-B B-C A-C Remarks
437533 R40 VM H01 WE KA241 1.79 1.75

437614 R33 27HHB4 TBD ABB 59N 0.5 0.5

437614 R33 27HHB3 TBD ABB 59N 0.5 0.5

437614 R33 & Basler
Publication 9318700990
Page 1-13 27HHB2 SHHI2 Basler BE1-GPSI00E4N1H0 I 1

437614 R33 27HHBI SHH12 ABB 47H-412N0275-V 0.5 0.5 0.5 0.5

437614 R33 27HHT1A TBD ABB 27N 0.5 0.5

437614 R33 27HHT1B TBD ABB 27N 0.5 0.5

437614 R33 27HHT1C TBD ABB 27N 0.5 0.5

437614 R33 27HHT2 TBD ABB 59N 0.5 0.5
437614 R33 & 445077 R3 YM420D CHH (VB5) Action Instruments AP6380 5 5

437614 R33 & A0520041 W LT (1) SHHI2 GE 24EX/ET-6 3.66 3.66

437614 R33 & A0520041 W LT (I) SHH12 GE 24EXIET-6 3.66 3.66
Load divided on

437614 R33 & A0520041 W LT (1) SHHI2 GE 24EX/ET-6 1.83 1.83 3.66 1.83 1.83 3.66 two transformers
437614 R33 W LT CHH WE EZC 3.6 3.6

437614 R33 & 437666 R30 WLT SHH7 GE ET-16 5.33 5.33
437614 R33 & 437621 R23 W LT SHH14 GE ET-16 5.33 5.33

437614 R33 & 437664 R17 W LT SHH13 GE ET-16 5.33 5.33

437614 R33 & 437593 R31 WLT SHH12 WE ET-16 5.33 5.33
437614 R33 & 437593 R31 W LT CNCC WE EZC 3.6 3.6

437614 R33 & 437593 R31 37HH12 SHH12 Rochester 1200L 0.5 0.5

437614 R33 & 437589 R16 W LT SHH15 GE ET-16 5.33 5.33

437614 R33 & 437589 R16 W LT CNSI WE EZC 3.6 3.6
437614 R33 & 437591 R23 W LT SHH11 GE ET-16 5.33 5.33

437614 R33 & 437591 R23 W LT CNR WE EZC 3.6 3.6

437614 R33 & 437590 R19 W LT SHH9 GE ET-16 5.33 5.33

437614 R33 & 437590 R19 W LT CNCS WE EZC 3.6 3.6

437614 R33 & 437583 R19 W LT SHH8 GE ET-16 5.33 5.33

437614 R33 & 437583 R19 WLT CB WE EZC 3.6 3.6

437533 R40 WM CHH WE KP241 2.5 2.5 2.5 2.5

437533 R40 VAR CHH WE KP241 2.5 2.5 2.5 2.5
437593 R31 IHHI2/TD SHH12 AGASTAT ETR-1413A 6 6

437593 R31 2HH12/TD SHH12 AGASTAT ETR-1413D 6 6

437593 R31 IHHI2A/TD SHHI2 AGASTAT ETR-1413A 6 6

437593 R31 2HHI2A/TD SHH12 AGASTAT ETR-1413B 6 6
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IT "1"

ulation

UNIT 1
PT Burden of4.16 KV Bus H

VA VA VA W W W
ELECT. PHASE PHASE PHASE PHASE PHASE PHASE

REF DWG NO. TAG NO. LOC MFR MODEL A-B B-C A-C A-B B-C A-C Remarks
437583 R24 2HH8 SHH8 AGASTAT ETR-1413D 6 6
437583 R24 2HH8A SHH8 AGASTAT ETR-1413D 6 6
437589 R16 2HH15 SHH15 AGASTAT ETR-1413B 6 6
437590 R19 & RPE E-
07664 K645AX SHH9 P&B MDR-4103-1 18 4
437600 R31 K609XH1 SPH P&B KHU-17AI6-120 1.2 0.47
437600 R31 4HHXHI SPH P&B KHU-17AI6-120 1.2 0.47
437591 R30 2HH11/TD SHHI1 AGASTAT ETR-1413B 6 6
437627 R32 2K617 RNSOA AGASTAT ETR-1413D 6 6 1 1

y= 22.59 149.32 22.59 133.82 1 1
PF =w /W vA = 1.00 0.90 1 1 1 1 j

Based on the GE "Potential Transformer Characteristic Ratio and Phase Angle Curve" [Attachment 2], the ratio correction factor for the
transformer with nominal 35:1 ratio is

For PF 1.00 & 22.59VA Burden: 0.9986 (A-B Phase)

For PF 0.90 & 149.32VA Burden: 1.0064 (B-C Phase)

Therefore the corrected transformer ratio is:

A-B Phase: 0.9986 X 35 = 34.951

B-C Phase: 1.0064 X 35 = 35.224
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ATTACHMENT "1"
PT Burden Calculation

UNIT 2
PT Burden of 4.16 KV Bus F

VA VA VA W W W
ELECT. PHASE PHASE PHASE PHASE PHASE PHASE

REF DWG NO. TAG NO. LOC MFR MODEL A-B B-C A-C A-B B-C A-C Remarks
441229 R17 VM H01 WE KA241 1.79 1.75

441340 PR29 27HFB4 TBD ABB 59N 0.5 0.5

441340 R.29 27HFB3 TBD ABB 59N 0.5 0.5

441340 R29 & Basler
Publication 9318700990
Page 1-13 27HFB2 SHFI2 Basler BEI-GPSI00E4NIH0 1
441340 R29 27HFBI SHF12 ABB 47H-412N0275-V 0.5 0.5 0.5 0.5

441340 R29 27HFT1A TBD ABB 27N 0.5 0.5

441340 R29 27HFT1B TBD ABB 27N 0.5 0.5

441340 R29 27HFT1C TBD ABB 27N 0.5 0.5

441340 R29 27HFT2 TBD ABB 59N 0.5 0.5

441340 P.29 & 445399 R7 YM418A CHF (VB4) Action Instruments AP6380 5 5

441340 R29 & A0520041 W LT (1) SHFI2 GE 24EX/ET-6 3.66 3.66

441340 R.29 & A0520041 W LT (1) SHF12 GE 24EX/ET-6 3.66 3.66
Load divided on

441340 R29 & A0520041 W LT (1) SHF12 GE 24EX/ET-6 1.83 1.83 3.66 1.83 1.83 3.66 two transformers
441340 R29 & A0520041 W LT CHF WE EZC 3.6 3.6

441340 R29 & 441315 R16 W LT SHFI5 GE ET-16 5.33 5.33

441340 R29 & 441315 R16 WLT CNSI WE EZC 3.6 3.6

441340 R29 & 441345 R17 W LT SHF14 GE ET-16 5.33 5.33

441340 R29 & 441349 RI7 WLT SHF13 WE ET-16 5.33 3.6

441340 R29 & 441311 1,23 W LT SHFI2 GE ET-16 5.33 5.33

441340 R29 & 441311 R23
& A0520041 WLT CNCC WE EZC 3.6 3.6

441340 R29 & 441311 R23 37HF12 SHFI2 Rochester 1200L 0.5 0.5

441340 R29 & 496276 R7 W LT SHF7 GE ET-16 5.33 5.33

441340 R.29 & 441287 R26
& A0520041 W LT CNAS WE EZC 3.6 3.6

441340 R.29 & 441287 R.26 W LT SHF8 GE ET-16 5.33 5.33

441340 R29 & 441302 R21 W LT SHF9 GE ET-16 5.33 5.33

441340 R.29 & 441302 R.21
& A0520041 W LT CB WE EZC 3.6 3.6

441340 R29 & 441312 R26 WLT SHF1l GE ET-16 5.33 5.33

441340 R29 & 441312R26 W LT CNV WE EZC 3.6 3.6

441229 R 17 WM CHF WE KP241 2.5 2.5 2.5 2.5

441229 R17 VAR CHF WE KP241 2.5 2.5 2.5 2.5

441311 R.23 IHF12/TD SHFI2 AGASTAT ETR-1413A 1 6 1 6
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UNIT 2
PT Burden of 4.16 KV Bus F

VA VA VA W W W
ELECT. PHASE PHASE PHASE PHASE PHASE PHASE

REF DWG NO. TAG NO. LOC MFR MODEL A-B B-C A-C A-B B-C A-C Remarks
441311 R23 2HF12/TD SHF12 AGASTAT ETR-1413D 6 6
441311 R23. IHF12A/TD SHF12 AGASTAT ETR-1413A 6 6

441311 R23 2HFI2A!TD SHFI2 AGASTAT ETR-1413B 6 6

441312 R26 IHFI1 SHF11 AGASTAT ETR-1413A 6 6
441312 R26 1HF11A SHF11 AGASTAT ETR-1413A 6 6
441312 R26 2HF11 SHF11 AGASTAT ETR-1413B 6 6
441312 R26 2HF11A SHF11 AGASTAT ETR-1413D 6 6
441302 R 21 2HF9 SHF9 AGASTAT ETR-1413D 6 6
441302 R 21 2HF9A SHF9 AGASTAT ETR-1413D 6 6
441287 R26 2HF8 SHF8 AGASTAT ETR-1413D 6 6

441287 R26 2HF8A SHF8 AGASTAT ETR-1413D 6 6
441315 R16 2HF15 SHFI5 AGASTAT ETR-1413B 6 6
441313 R26 K608XF2 SPF P&B KHUI7A16-120 1.2 0.47
441313 R26 K609XF1 SPF P&B KHU17A16-120 1.2 0.47
441313 R26 4HFXFI SPF P&B KHU17AI6-120 1.2 0.47
441313 R26 4HFXF2 SPF P&B KHU17AI6-120 1.2 0.47

_ = 22.59 157.72 22.59 154.76

PF =Ew/ Y-vA = 1.00 0.98 1

Based on the GE "Potential Transformer Characteristic Ratio and Phase Angle Curve" [Attachment 2], the ratio correction factor for the
transformer with nominal 35:1 ratio is

For PF 1.00 & 22.59VA Burden: 0.9986 (A-B Phase)

For PF 0.98 & 157.72VA Burden: 1.0050 (B-C Phase)

Therefore the corrected transformer ratio is:

A-B Phase: 0.9986 X 35 = 34.951

B-C Phase: 1.0052 X 35 = 35.182
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PT Burden Calculation

UNIT 2
PT Burden of 4.16 KV Bus G

VA VA VA W W W
ELECT. PHASE PHASE PHASE PHASE PHASE PHASE

REF DWG NO. TAG NO. LOC MFR MODEL A-B B-C A-C A-B B-C A-C Remarks
441230 R26 VM H01 WE KA241 1.79 1.75

441340 R29 27HGB4 TBD ABB 59N 0.5 0.5
441340 R29 27HGB3 TBD ABB 59N 0.5 0.5

441340 R29 & Basler
Publication 9318700990
Page 1-13 27HGB2 SHG12 Basler BE1-GPSI00E4N1H0 I 1
441340 R29 27HGB I SHG112 ABB 412N0275-V 0.5 0.5 0.5 0.5
441340 R29 27HGT1A TBD ABB 27N 0.5 0.5
441340 R29 27HGT1B TBD ABB 27N 0.5 0.5

441340 R29 27HGTlC TBD ABB 27N 0.5 0.5

441340 R29 27HGT2 TBD ABB 59N 0.5 0.5
441340 R29 & 445399 R7 YM419B CHG (VB5) Action Instruments AP6380 5 5
441340 R29 & A0520041 W LT (1) SHGI2 GE 24EXIET-6 3.66 3.66
441340 R29 & A0520041 W LT (1) SHG12 GE 24EX/ET-6 3.66 3.66

Load divided on
441340 P,29 & A0520041 W LT (1) SHG12 GE 24EXIET-6 1.83 1.83 3.66 1.83 1.83 3.66 two transformers

441340 R29 & A0520041 WLT CHG WE EZC 3.6 3.6

441340 R29 & 4008751 R8 W LT SHGII GE ET-16 5.33 5.33
441340 R29 & 4008751 R8 W LT CNV WE EZC 3.6 3.6

441340 R29 & 441345 R17 W LT SHG14 GE ET-16 5.33 5.33
441340 R29 & 441349 R17 WLT SHGI3 GE ET-16 5.33 5.33

441340 R29 & 441311 R23 WLT SHG12 GE ET-16 5.33 5.33
441340 R29&441311 R23
& A0520041 WLT CNCC WE EZC 3.6 3.6
441340 R29 & 441311 R23 37HG12 SHGI2 Rochester 1200L 0.5 0.5
441340 R29 & 441309 R22 W LT SHG8 GE ET-16 5.33 5.33

441340 R29 & 441309 R22
& A0520041 W LT CNR WE EZC 3.6 3.6
441340 R29 & 441307 R16 W LT SHG7 GE ET-16 5.33 5.33

441340 R29 & 441307 R16
& A0520041 WLT CNCS WE EZC 3.6 3.6

441340 R29 & 441287 R26 W LT SHG6 GE ET-16 5.33 5.33
441340 R29 & 441287 R26 W LT CNAS WE EZC 3.6 3.6
441340 R29 & 441312 R26 W LT SHG9 GE ET-16 5.33 5.33

441340 R29 & 441312 R26 W LT CNV WE EZC 1 3.6 1 1 3.6

441340 R29 & 441356 R13 W LT SHG5 GE ET-16 5.33 1 5.33
441230 R26 WM CHG WE KP241 2.5 2.5 1 2.5 2.5
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UNIT 2
PT Burden of 4.16 KV Bus G

VA VA VA W W W
ELECT. PHASE PHASE PHASE PHASE PHASE PHASE

REF DWG NO. TAG NO. LOC MFR MODEL A-B B-C A-C A-B B-C A-C Remarks

441230 R26 VAR CHG WE KP241 2.5 2.5 2.5 2.5
441311 R23 IHG12/TD SHG12 AGASTAT ETR-1413A 6 6
441311 R23 2HGI12/TD SHG12 AGASTAT ETR-1413D 6 6
441311 R23 1HG12A/TD SHG12 AGASTAT ETR-1413A 6 6
441311 R23 2HGI2A/TD SHG12 AGASTAT ETR-1413B 6 6
441287 R26 2HG6/TD SHG6 AGASTAT ETR-1413D 6 6
441287 R26 2HG6A/TD SHG6 AGASTAT ETR-1413D 6 6
441312 R26 1HG9/TD SHG9 AGASTAT ETR-1413A 6 6
441312 R26 1HG9A/TD SHG9 AGASTAT ETR-1413A 6 6
441312 R26 2HG9/TD SHG9 AGASTAT ETR-1413B 6 6

441312 R26 2HG9A/TD SHG9 AGASTAT ETR-1413D 6 6
441307 R16 & RPE E-
07664 K645BX SHG7 P&B MDR-4103-1 18 4
441309 R22 2HG8/TD SHG8 AGASTAT ETR-1413B 6 6
441313 R26 K609XGI SPG P&B KHU-17AI6-120 1.2 0.47
441313 R26 K608XGI SPG P&B KHU-17A16-120 1.2 0.47
441313 R26 4HGXGI SPG P&B KHU-17AI6-120 1.2 0.47
441313 R26 4HGXG2 SPG P&B KHU-17AI6-120 1.2 0.47
441353 R29 2K617 RNSOB AGASTAT ETR-1413D 6 6

= 22.59 178.65 22.59 161.69
PF =Yw /vA= 1.00 0.91

Based on the GE "Potential Transformer Characteristic Ratio and Phase Angle Curve" [Attachment 2], the ratio correction factor for the

transformer with nominal 35:1 ratio is

For PF 1.00 & 22.59VA Burden: 0.9986 (A-B Phase)

For PF 0.91 & 178.65VA Burden: 1.0082 (B-C Phase)

Therefore the corrected transformer ratio is:

A-B Phase: 0.9986 X 35 = 34.951

B-C Phase: 1.0082 X 35 = 35.287
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UNIT 2
PT Burden of4.16 KV Bus H

VA VA VA W W
ELECT. PHASE PHASE PHASE PHASE PHASE W PHASE

REF DWG NO. TAG NO. LOC MFR MODEL A-B B-C A-C A-B B-C A-C Remarks
441230 R26 VM H01 WE KA241 1.79 1.75
441340 R29 27HHB4 TBD ABB 59N 0.5 0.5
441340 R29 27HHB3 TBD ABB 59N 0.5 0.5
441340 R29 & Basler
Publication 9318700990
Page 1-13 27HH-B2 SHHI2 Basler BEI-GPS100E4N1HO 1 1
441340 R29 27HHB1 SHH12 ABB 412N0275-V 0.5 0.5 0.5 0.5
441340 R29 27HHT1A TBD ABB 27N 0.5 0.5
441340 R29 27HHT1B TBD ABB 27N 0.5 0.5
441340 R29 27HHT1C TBD ABB 27N 0.5 0.5
441340 R29 27HHT2 TBD ABB 59N 0.5 0.5
441340 R29 & 445399 R7 YM420D CHH (VB5) Action Instruments AP6380 5 5
441340 R29 & A0520041 W LT (I) SHH12 GE 24EX/ET-6 3.66 3.66
441340 R29 & A0520041 W LT (1) SHH12 GE 24EX/ET-6 3.66 3.66

Load divided on
441340 R29 & A0520041 WLT(1) SHH12 GE 24EX/ET-6 1.83 1.83 3.66 1.83 1.83 3.66 two transformers
441340 R29 & A0520041 W LT CHH WE EZC 3.6 3.6
441340 R29 & 441315 R16 W LT SHH15 GE ET-16 5.33 5.33
441340 R29 & 441315 R16 W LT CNSI WE EZC 3.6 3.6
441340 R29 & 441345 R17 W LT SHH14 GE ET-16 5.33 5.33
441340 R29 & 441349 R17 WLT SHH13 GE ET-16 5.33 5.33
441340 R29 & 441311 R23 WLT SHHI2 GE ET-16 5.33 5.33
441340 R29 & 441311 R23
& A0520041 W LT CNCC WE EZC 3.6 3.6
441340 R29 & 441311 R23 37HH12 SHHI2 Rochester 1200L 0.5 0.5
441340 R29 & 441309 R22 W LT SHHII GE ET-16 5.33 5.33
441340 R29 & 441309 R22
& A0520041 W LT CNR WE EZC 3.6 3.6
441340 R29 & 441307 R16 W LT SHH9 GE ET-16 5.33 5.33
441340 R29 & 441307 R16
& A0520041 W LT CNCS WE EZC 3.6 3.6
441340 R29 & 441302 R21 W LT SHH8 GE ET-16 5.33 5.33
441340 R29 & 441302 R21
& A0520041 W LT CB WE EZC 3.6 3.6
441340 R29 & 441356 R13 W LT SHH7 GE ET-16 5.33 5.33
441230 R26 WM CHH WE KP241 2.5 2.5 2.5 2.5
441230 R26 VAR CHH WE KP241 2.5 2.5 2.5 2.5
441311 R23 1HH12/TD SHHI2 AGASTAT ETR-1413A 6 6
441311 R23 2HH12/TD SHHI2 AGASTAT ETR-1413D 6 6
441311 R23 1HHI2A/TD SHHI2 AGASTAT ETR-1413A 6 6
441311 R23 2HHI2A/TD SHH12 AGASTAT ETR-1413B 6 6

f
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ulation

UNIT 2
PT Burden of 4.16 KV Bus H

VA VA VA W W
ELECT. PHASE PHASE PHASE PHASE PHASE W PHASE

REF DWG NO. TAG NO. LOC MFR MODEL A-B B-C A-C A-B B-C A-C Remarks
441302 R21 2HH8 SHH8 AGASTAT ETR-1413D 6 6
441302 R21 2HH8A SHH8 AGASTAT ETR-1413D 6 6
441315 R16 2HH15 SHH15 AGASTAT ETR-1413B 6 6
441307 R16 & RPE E-
07664 K645AX SHH9 P&B MDR-4103-1 18 4
441309 R22 2HHI 1/TD SHHI1 AGASTAT ETR-1413B 6 6
441313 R26 K609XH1 SPH P&B KHU-17AI6-120 1.2 0.47
441313 R26 4HHXHI SPH P&B KHU-17A16-120 1.2 0.47
441354 R30 2K617 RNSOA AGASTAT ETR-1413D 6 6

J= 22.59 149.32 22.59 133.82
PF =1w /1vA = 1.00 0.90 111

Based on the GE "Potential Transformer Characteristic Ratio and Phase Angle Curve" [Attachment 2], the
transformer with nominal 35:1 ratio is

For PF 1.00 & 22.59VA Burden: 0.9986 (A-B Phase)

For PF 0.90 & 149.32VA Burden: 1.0064 (B-C Phase)

Therefore the corrected transformer ratio is:

A-B Phase: 0.9986 X 35 = 34.951

B-C Phase: 1.0064 X 35 = 35.224

ratio correction factor for the
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Summary

Unit 1 Unit 2

Device Phase PT Ratio Device Phase [T Ratio

1-27HFB2 A-B 34.951 2-27HFB2 A-B 34.951

1-27HGB2 A-B 34.951 2-27HGB2 A-B 34.951

I-27HHB2 A-B 34.951 2-27HH132 A-B 34.951

I-27HFTI A-B 34.951 2-27HFTI A-B 34.951

1-27HGT1 A-B 34.951 2-27HGTI A-B 34.951

1-27HHTI A-B 34.951 2-27HHTI A-B 34.951

1-27HFT2 B-C 35.182 2-27HFT2 B-C 35.182

1-27HGT2 B-C 35.287 2-27HGT2 B-C 35.287

1-27HHT2 B-C 35.224 2-27HHT2 B-C 35.224

1-27HFB3 A-B 34.951 2-27HFB3 A-B 34.951

1-27HGB3 A-B 34.951 2-27HGB3 A-B 34.951

1-27HHB3 A-B 34.951 2-27HHB3 A-B 34.951

1-27HFB4 B-C 35.182 2-27HfFB4 B-C 35.182

1-27HGB4 B-C 35.287 2-27HGB4 B-C 35.287

1-27HHB4 B-C 35.224 2-27HHB4 B-C 35.224
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Exhibit (1): Westinghouse Voltmeter KA241 Burden

Page 4

'Ac Ino mrimbt Lsaw bata. 60 Hefts
- ý.wmw~utr~maI.K-241, K-231.4C-261 ~A/~ FZNe~HoL)f

a.
V A8-4iw

7964, elf

~Actnfrmgna ao 8aaGo6 Cycles. Circtui cale16tk41 K431;K46
Burden ion -Current Transforrner et 5 Amips
IOSIWmentI . ~ 1e -m dance:.-eltts' .-Ind~osanca: 'Volt. Poiwe
-and Rlating = . ;0f5... Ohms Henries Ampores Factor

Watts fleaciws
VOWt
Ampere's

Ammeters, 6 Amps:
Spiral Vane KA , .036 .026 .000G06 .9 .12 .6 .625
Bepulslon-AttractiontD KA .015 .012 A=00024 _ .375 .Go .30 .625
SRectifier KC .. 002 .0019 - .05 .- 0 .04

Nattmeter and Varmacters KP) .09 .016 .0002 2.0 .20 .4 2.

(Per Mlmomnt) 6 Amps KV • ,

Powoar Factor Meter., X1J :174 .14 .i -4,35 .82 1.12

5 Amps KJ .045 .04 1 1312 .1.0 1.12 -

Burden on Voltage Transformera et 120 Volts
Instrument Type Impedance: Resistance: Inductanio: Voli- Power Wal Reactivo
end Rating "Ohms. Ohms Henries Amperes Factor Volt.

Amperes

Valtmnlmrs, 0.150 Volts:
120 Volts

Spiral Vane .. ... KA 8640 0420 5.1 1.79 .98 1.75 '40
Repulslon-Attractlini60 KA .7830 7600 1.6 1.92 .996 1.92 -
Rectifier KC 160.000 160,000 1 06 1.0 .096

Wattmctar-. and
Varmetw's, 120 Volts:

Single Phase JKP1 9.000 9.000 2 2.5 1.0 2.5
Polyphases KVJ 18,000 18.000 A- 1.25 1.0 1.26
Phase Shttr P8-2"tMV.B32 -- 1.4 .30 .6 1.3

-FTcquency Meters. K313 .4,000 4.000 - 3.6 1.0 3.6 -

1 '1120 Volts

Power Factor Metros.
120 Volts:

Single Phase KI - - - 4.6 All 2.0 4.1
KS A2.000 12.00= 1.2 1.0 1.2 -

Polyphase Ki( - 2.2 1.0 2.2
tKJ .14.000 14=000 - 1.2 1.0 1.2

Synchroscepes. 120 Volts-:
Running KI 4.5 .46 2.0 4.1
Incoming - 4.6 1 - .80 3.7 2.8

-QAJI HT-Shock mypas and commuercial t"at rnanufactured pflot to 1977 ra repulslon.attractlon,
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Exhibit (2) ABB 27N & 59N Undervoltage Relay Burden

Descriptive Bulletin
41-233S
Page 2

Speciflcations

input Circuit' Rating:

Burden:
Frequency:
Output Circuit:

Control Power:

Temperature:

Tolerances:
(Without harmonic
filteramodule, after
10 rinutarmup.)

Tolerances:
(With harmonic fitter
mo•dle)

ReytTimme;

Seismic Capability:

Transient Immunity:

Dielectric:

Weight:

A6Sr
Type 27N 150 Vac Maximum Continuous
Type 59N 160 Vac Maximum Continuous
Less than 0.5 VA at 120 Vac
50/60 Hz.
Each contact at 125 Vdc:
30A Tripping Duty

5A Continuous
IA Break, Resistive

0.3A.Break, Inductive.
Rated at 48/125, 250.Vdc at 0.05 ampere
maximum.
ANSI range 720'C to +.55'C
Must'operate -30-C to +-70°C
Pickup and dropout saettings with respect to
printed dial markings (factory calibration)
-= .l-2%. . .

* Pickup and dropout settings, repeatability at
constant temperature and constant control

"'voltage = ±0,1%. (See Note)
Pickup and dropout settings, repeatability over
DC control power range of 100-140 volts
. ±0.1%,"(See Note)
Pickup and dropout settings, repeaabillity over
temperature range: (See Note)
-- 20C to +55'C ±"0.4%
- 201C to + 70"C ± 0.7%

W0CCto +40'C ±0.2%
Note: The three tolerances shown should be
considered independent and may be
cumulative. Tolerances assume pure sine wave
input signal,
Time Detay
Instantaneous model: 3 oycies or tess operating
time.
Definite Time models lsee appropriate curve).
± 10D% or ±20 milliseconds, whichever is

greater.
All ratings are the same except: Pickup and
.dropout settings, repeatability over temperature
range::

0WC to + 55TC t0.75%
+ 10C to +40"C ±0.40%
-2OC tc + 701C -t1.5M%
Usi'than2 cycies (Type 27N),
Less than 3 cycles (Type 59N).
(The relay'resets when the input voltage goes

;above the pickup setting - 27N. below the
'dropout setting - 59N.)
More than 6g ZPA either AXIS biaxial

,broadband multitrequency vibration without
damage or malfunction ANSIIEEE C37.98.
More than 2500V. 1MHz bursts at 400 Hz
repetition rate, continuous (ANSI C37.90.1
SWC); Fast transient test, EMI test.
2000 VacRMS 60 seconds aS circuits to
ground.
Unboxed - 3J7 W (1,7-kg)
Boxed - 4.3 lbs. (2.0 kg)"
Volume -0.26 cubic teet

How To Specify

Voltage Relay shalt be Asea Brown Boveri
Type 27N. Type 59N or approved equal, draw-
out case, capable of withstanding up to 6g ZPA
seismic stress without damage or malfunction,
at minimum voltage and time settings. A mag-
nete operation indicator shall be provided
which retains position on loss of control power.
Built-in'means shatl be provided to allow oper-
atlonal lests'without additional equipment,

r Tfl~o•.r• a t.a*Cm'T C 1o I~ !v=ts .*+< ;.

It
mP,.,6 ,.t~,. I S.,aI

Net. Time delas asSOciaed With the timen taps for
the Type 59N Overvolage Relay am identical
to those e1 the Type 27N Undervottaes Relay,
except the delay occurs on pickup: ;.o. when
voage increases tabove thp kup tap
setting

How To Order

For acomnliete Sating of avaiabie versions of
single and three phase voltage relays: see TO,4t .-02 . . . . . . . . .

Models are available 1r 48 10 250'Vdc control
power, and 120.Vac potential transformera. For
other control voltages contact the nearest ASB
Representative. 

, 
.

To place an order. or for further Information,

contact the nearest ABS Representative.

Further Information

List Prices: PL 41-020
Technical Date: TO 41.025
Instruction Book: B 7.4.1.7-7
Other Protective Relays:

Applcation Selector Guide,-r 41-016

5'

September 1199
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Exhibit (3): Basler BE1-GPS100 Undervoltage Relay Burden

GENERAL SPECIFICATIONS

AC Current Inputs

5 AmaQi C
Continuous Rating:
One Second Rating:

Saturation Limit:
Burden:

1 Amoere CT

Continuous Rating:
One Second Rating:

Saturation Limit:
Burden:

20 A
400 A
For other current levels, use the formula:

I = (KM)
where t = time In seconds,
K=160,000(AJI Case styles)

150A
<10 millohms

4A

80 A
For other current levels, use the formula:

I - (Mt)
where t w time in seconds,
K = 160,000 (81 case), K - 90,000 (Hi case)

30 A
10 milkohms or Less at 1A

Phase AC Voltage Inputs

Continuous Rating:
One Second Ratiha:

300 V, Una to Line
600 V. Une to Neutrl

Burden: <1 VA @ 300Vac

9318700990 Rev H BE1-GPS100 General Information 1-13
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Exhibit (4): ABB 47H Undervoltage Relay Burden

lB 7.4.1.7-2
Page 8

Threc-Phasc Undervoltage Relays

SPECIFICATIONS
lnput Circuit; Rating: 120v models: 160vac, continuous. 50 or 60 14z.

208v models: 270vac, continuous. 50 or 60 liz.

Burden: 120v models: less than I VA, I 0IF at 120 volts.
208v models: less than I VA, 1.0 IF at 208 volts.

Taps: available models include
Types 47, 47D, 4711:

Types 47D, 47H:

Pickup 90, 100, 110, 120 vac.
Pickup 155, 175, 190, 208 vac.
Dropout 70, So, 90, 98% of pickup.

Pickup 90, 100, 110, 120 vac.
Dropout 30. 40, 50, 60% of pickup.

a4: Typical control connections - Voltage Controlled Overcurrmnt Relay
lype 6I Catalog aeries 423 (3 phase) and Type 47? Catalog Serle 412N

Phase A Phase C

271FBI
4 2 1,0 ,2 1,,
IJ%4J-j AbA

a -

*a*c

• 1

SH 12

Half of the 1 VA burden is on
phase A and the other half on
phase C

Phase B eased on Drawing 441;340
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Exhibit (5): GE 24EX / ET-6 Lamp:

a 16 .
s2
1. 1979
ve Oct. 1. It"

Indicating Lamps'
Types ET-5, ET-6

%:u".4"FAION-ET-5, ET-6 2. Beries resstor prevet" the po-
e ET-5 meTa= ban induicating bity of a about dreult from a broken

-. aSwvlabla Six %- and X4=&.b . lIp flnmient thus aelnting the need
widel under amonecadog number, ftu specal Ame an usslmng long

Jer another catalog number for 1-. Imp lie.
and 2-lhtk panels. Also avail- .L*w attw consumption results

for thin-ane applicatlous, -P to U- in = ,y end out 4
s. the molded-base Type ET-6 Irlap h. 0049

ieae ~ ~ ý 33latn~an "bnaIos A ~''' Fig. 1. Ty". IT-$ isdhou~tamlwp *..sNtod

Id be apple where good visible In- Ilbhe lamp, Type T2, slid ba"Se Im a w~ftlna 06661

dJon, knti -lrm lfe, and lw-.at l 24 voW, 0.032- 0.038. ampee TheA
umption ae desiral They can be spe Code 24X iusedi tlaEm-5
. for suigu4i-gIt Indication or In and Code 24EX lamp Is need on ET-6.
bination with-~cntrolswldtbc* -to --- &.,4Cor ctape are designed for maxi.- ___

,dircuit-brealr Position, mum ,vsiebulty. see Toale I for avail- fGE ET
kTURES abl"e col Lrs 125VD

Bach nit Is conpact and imple in 6. Terminals are readily accessible and |
tructim lRequlm only ooe hole for have fadlits for seodered or damped (Me 8020400 2 OAC
.1 mm€,kln. cooctle.ons. "9. 2. aiT.ga0., (Per 35

-6 rated
C Is used in
circuit

57K-DC Rev. 31

.CING INFORMATION-ET-s AND ET-6 INDICATING LAMPS
Pq w o# IN., .. M.M.. . M210001fOO~

ORDERING TA"b5I-Woro Cap

dade ~ ~ ~ ~ ~ ~ ~ .... ........ .apI pa 9. eht

~ ~ ~ ~ mak44341.I.A04 1L5

C.I. C.1 .
cob, C*aN.

41WOsfOo
VI07R0

.A057000-1
kg16ios57ooo*-. I 110 I 140 I £105700 I GI&. I G0ld. 1 043,1 1 .1310 I 0 .1

-!& 1 110 1, 140 1
I I E I

.' I
3t5
M4

123 P.M0

2"0 I 000
300 12~10o0LII I . 7... 000

61,= I1 I 0"+ I 7Mt - 610,7000-W
6,50 I 0 3 I G- 04500 I 5. r0 I 7.55 1 05700

6305700 I 04l0l I 034.I 6S494 I 11,30 I tO.53 41500'610MI.,0.+ G0 YAS 610570004A
410570 01001 020+ 055 53 I75 61037000-2
410"700J 01 029 54 14 10.13
6105M70012 1C020.1

N-.
a-t, 2574729 71

2376372572
257A5729P2
257AS7flN
237637297

257W324fl

GE Type ET-6 indicating lamps are rated 125VDC for use in 120VAC circuits

ET-6 Rating = 125VDC, ET-6 Resistance = 33000

Bulb rating = 24VDC, Bulb Maximum current = 0.038A,

Bulb maximum wattage: 24 X 0.038 = 0.912W

Bulb resistance = 0.912 / (0.038)2 = 632 0

Total socket & bulb resistance = 3300 + 632 = 3932 0

Current at 120VAC = (120V)/(3932 0) = 0.0305A

Burden = (0.305)2 X 3932 Q = 3.66W
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Exhibit (6): Westinghouse Lamp Type EZC Burden:

Dill34-350 Pago 2

-VWesfingbou~se

6 a3 / 0-;2 41-6 4'se~e: '7

/7

Indicating Lamps
EZC Minallte
The Type EZC Minalito Is a compact indi-
cating lamp, designed for general Indicating
or signaling purposes on switchboards,
control desks, etc. A complete lamp con-
slats of a standard resistor, receptacle, a low
drain telephone type slide base bulb, annu-
lar spacers, octagon mounting nut, lens
and terminal hardware. The resistor, re-
ceptacle,-b.ulb and lens are shipped assem.
bled. The other parts are enclosed in an en-
velope. These two hems are incorporated
into a single package which is Identified
by a single style number for the required
lamp.

The EZC indicating lamp is suitable for
mounting on panels, up to and including %
Inch thickness, and are of a design that
permits quick and easy installation. They are
inserted from the mrar of the panel, after un-
screwing lens from resistor-receptacle as-

..... &embly, 'through annular spacers as, -re
"ired for panel thlckneass. Tightening te

agon nut from the front of the panel
"mounts the a.ssembly. The one-piece
molded lens is then screwed on, enclosing
the lamp receptacle and the front mounting
nut. Wiring connections are easily made at
the rear end of the assembly.

The round receptacle and lens affords ac-
curate alignment on the panel The rear ter-
minal, Iocated on 1he oxial fie rod, can be
rotated 360 degrees and bent up 90 degrees
to positions best suited to wiring require-
meats.

t

.,.

Dimensions In Inches

Drilling Plan

.641 Drill

"War.
1. Tw .062 mounting spacers furnmised if .12S THK panel mount.

Ing. Omit for .25 ThK panel.
2. ,Mounting nutib undr4eneath removable lens and a=mbled against

front of panel.
3. Rteartaennals ere factory a spaced B0*eparn bt can be adjusted

to suit taldnq prccoution lo ecical cle-arance between terminals.

Lamp Data
Voltage

At-Do

Svue ..................... ,
$Weli Number and Loweolo

Red Green Mutke Blue Amber crear
Total Waus
(Approl.) at
Saerice vaoage

25
50
70115

125

230
250
480480

449D187GI0 449D138720 4490187030 4490187G40 449D187GSO 4490187G60
4490187011 449D187G21 44901871331 4490187G41 4490187G81 449D187661
4490187012 4490187G22 449DI7G32 4490187642 449D187G52 449D1S7662
44D0187I13 4490187623 4490187633 4490187G43 4490187653 4490117G63
449D187014 449D187G24 4490187G34 4490187044 44,D187G54 449117G1074

4493187615 449D187625 4490187035 44OD187G45 44,D187G65 44901)7165
4490187D1G 4491187G26 4493187038 443D10"7046 449D187G03 4490187685
4490187617 4490187627 44D0187637 4490187G47 449D187G67 449D187067
449D187618 4490187628 449D187038 443D187048 4430187G58 4490187G68
4490187619 4490187G29 443D187629 4490187G49 449D187G69 .449DI18769

0.9

2.3
as - -
4A0

6A8
7.3
7A9

11.8. ,
l3
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Exhibit (7): GE ET-16 Lamp Burden

0 6/12/1WO 13: 51 FROM GE DEIIEYLLE 415 4280165 TO 99739061 ,P. 02/02 -

CONWROL SWC• •D ACCSMSORES 5.2005.225,11, S 7165k-
Indicating' Lampst Page I1
-....... ..Types 16andElr-17 '.

APPLICATION ET-16, ET-17 CaW0 185forzbhebalancecthczadnzs
Týhe ET-36 (t.=and~c=Qnt)sd ET-1 ET-47 usaGE VaL No. W&A

(Newn indimtiog lamps are &40end for I Tdormial; arft raiy aiuhble They -,
applimaion an s'itclboWt panel up to and wre dasu~a f&r dfhr A"~ *PAMTN'
includin 'A-Inh dtblcxes The J1mts ..Vpe ooimeaor solder. or =mmws
econmcize cm spa= and parmh Wto 4.s Nb eefa.nd o

__ pl~acet of Wub and nsaiso. ýj4 vsha"lbcorT1 0."~*g

IFEAMUES Trlaoetz-ce reat. YoliW, W=ie -- , - AhI %"
L The simple *push4wte Vspe plug ha ~ tt~d. Dun. bkuc. ad
$eaoped torboth the bulband the misb- 4w22 AmW elm =~~sd trenpamt Ted

tor. Mhi was plhed by casar ffrd r Emt(ao m
Ing a 1,aynet eonbt componntW& _

2. Stadard G atnogc S. Thet &MI sas albetrdm
specified fraU lap&.Thce T-i us0es GE DZ-61~ov~bcbdm

19fOr the 24 do lamp cd 0Z bi~tz pplicatons
*V-1 MNDICATIN L AMP roWe $Ysief Mfmtl.(300 Pu ¶1*SIT

"A=AA"- &. CADORMWNG TABLE t-Wolr Cup
G&~ ~.________

- ~ i cow
£04

24O4

7A

'A

25
54

1~0
210

76

.240.

EMU;=SO

I'I 2M9

1819

G H :4 94.m , #4.w ,8 - ý ,

~xI~ %

*ET-1 6-fOR lM-U~IGIT APHUCATION

ftww

17Cc110 140 1191M

12A195 =0 nrsa -1

*Et-17--4NDIcATING LAMP

V A II hepie oeqot~ie oI o ooa~st ay -o~nto I~ T1 Ie 7 as

.. _- I I ME

ORDIRMNG TAK 9 2-40ore Cap,

CO.r Wo.He

Oil11= -
*-Oowp N~. pqt Vohq. i.loO.~

HOW TO ORDER
Order by compltt Cat. No. sad sci~

cvlo "ap.

* ...0et-z Dzr

DIJMENSIONS-. Subjet to 4=W-s Sbo*l4 got be used far consuCtio Wftho
-approvaLA r ________

41"a

I. ft-
6M.7

*v Li." Sm Y j
*P=JcIN
Reftr to Section 723.
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ID 15102754682 PAGO 4/AUG-28-98 11*04 FROMDUKE ENG SAN RAMOM

MiniaItre Lamps
-Li T -7

F o F1 CO o
64"n 1 ~ te14u4 -.. mm I"' I=ou

1311 2101-a T-1• a T1- 1 33 1 .4X2 -1- 30 m lo ,a. -- i- -v -t I, . tto" 2W14

L_3L- 3W4 Rmumw mr I an f. as L" v 40= fin~Bvy mg • UL• 1 2
.10 415iI31~l 31T-u-1 MW ,19 1.W I M C-2F U$IK 31IM1 2=- 37 T-314 h* v. A75 .0 S 16 a 00 U3w Sy 0.1 C-N 1A 1J 31

sU K am p 4 T-N, ch L uanoaa a 3 "5 .5? iE 1.0 a m W L 8w. C-I % 1&0 a1% 31
154 520 T~i bAaf Tvxd rmw I 130 .15 J6 x3 1ism mh aw. 001 %~ 1.0 ill. 31

15m 36214 T-U hAjUI a 21X .17 4,76 SA0 110 1mv c-2i 'A 49 Uh4 31& * 52 47 IT-u% b~ w lV vd hft* 1 8 , 60 m.I25 As - &5 5000 w wM 0-F i - .- Z5 7 -% F 3Ino "3024 1 4% I Ad* I I 40 I 2 3.IW1171L 3500 ZdI 0* 14211i3~10 T-W IAvwAmowdkdmW 0 24 tie0 k". &W, (1-09 W- 4A I tU -

GE Type ET-16 Bulb Spec: 28V, 0.04A, 1.12W

GE Type ET-16 Socket Spec: 2000 0

Bulb Resistance = (1.12W)/(0.04A) = 700 )

Total Resistance = 2000 0 + 700 . = 27000

Current at 120V = (120V)/(2700 0) = 0.044A

Burden = (0.044A)2 X 2700 Q = 5.33W
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Exhibit (8): Rochester Alarm Relay 1200L Burden

e~ccrS/ZCIo'L

FIRM

ET-1200 AC Current/Voltage Alarms
These single and dual trip alarms accept ac current or voltage
Inputs (field alterable) and provide one DPDT 5 amp
(ET-1200JU) dr two SPDT 5 amp (ET1-202UJU) universal relay
contact outputs. Basic Input spans of 16 to 200 Vac or 0-1 to
0.7.5,amps. All models come with flxed.deadband less than
0.5% of span. Response time is less than 400 milliseconds.
The frequency range of all models is 50-500 Hz. Spuies 1200
ac currentvioltage alarms conform to the IEEE SWC test. Refer
to the Optons •ection (pages 11.13)forta complete Rst of options
for each model.

Available Models
: _ _ET-1200-JUU ET.1202LIU

nDescipoon ... e adps current/v lta alarm. I Dudal ac current/voltage alarm
Input Signals Any so current from 0-.1 amp to 0-7.5 amps ac, Wutden less than 0.5 VA ''-

====•=,.

Input Frequency 60-50 Hz
Range
Input Surge go currenl-20 amps continuous; 250 amps foi I second per hour
Capaplitiy ac voi age--400% of Input specified, continuous
Deadband Fixed deadband: leass than 0.5% of span'
Controls 20 turn trip-set potentlometer w•i Two 20 turn trip-sel potentiometers with

clockwise rotation to Increase settkigI clockwvse rotation to Increase setting

).Trp-Set Adjustment 0-100% continuous, Independent adjustment

p Trip Polit Stabtilty - ±0.5% of span maximum for a 50F (28T)
and Drift change i ambient lempetature; ±02% typical
LED-Visual Indication One Two
of Alarm Condition -

11~yct .2 H1 lap or KLo 'iRip
Nor1ally Energized (aiOsale) Top Trip
or D-Enegzed (Nan-Filsafe) Hi/Hi TUp. or

___ _ "_•_._._. Lo/Lo Trip

a Customer must select varlabte(s) and specify when ordering.
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Exhibit (9): Westinghouse VAR & Wattmeter KP241 Burden

page 4

Ac instruments Loss Data, 60 Hertz
Circular Scale K-241, K-231, K-261

Ac Instruments Losu Data, 60 Cycles. Cirular Scale K-241, K-231. K-261
Burden on Current Transformers at 5.Amps

Instrumurent
and Rating

Type Impodance: Realtance:
Ohms ohins

Iniductance: Volt- Powar
HenrleS Amperes Factor

watts Reactive
VOWl
Ainparva

Ammeters. 5 Amps:
SSpiral Vane
Reputslon.Attraction 0
Rectifier

KA
KAKC

.036
.015
.002

.028
.012
.0016

.000068 .9 .72

.000024 .375 .80
-,.0 .80

.65
.30
.04

.625.626

__......ýWotvrnotorsaend Varineters KIt~
fPer Elaomnt? 5 Amps KVJ .08 :016 .0002 2.0 .20 .4

ýove7 factor Mate". KI .174 .14 - 4.35 ,82 1.12

Amps KJ .045 .045 - 1.12 1.0 1.12
..urden on Voltage Transformers at 120 Volts

instrument Type Impodance: Resisltance: Inductance: Vail- Power Watts Reactive
and Rating Ohms Ohms Henries Amperes factor Volt-

Amperes

Voltmeters. 0-150 Volts:
120 Volts

Spiral Vane KA 8640 8420 5.1 1.79 "98 1.75 .40
Repulsion-Attractl on d) KA 7530 7600 1.8 1.92 .996 1.92 -
Rectifier KC 150.000 160.000 - 10.0 1.0 09$

Wattmeters and
Varmeters, 120 Volts:

---- Single Phase
Polyphase
Phase ShIfter

IKPI

MV-832)

9,000
18,000

.9.000 -
10,000 -

2.5 1.0 2.6
1.25 1.0 1.25
1.4 .36 .5 1.3

-- "quency Meters,.Volts

Power Factor Meters,
120 Volts:

Single PhMon

Polyphas

KR3 4.000 4.000 3.6 1.0 3.6 -

KI
KJ
Ki
KJ

12.00o

14=00

12,.00

14.000

4.5
1.2
2.2
1.2

A5 2.0
1.0 1.2
1.0 2.2
1.0 1.2

4.1

Synchrtnseopos. 120 Volts:
- Running - 4.5 .45 2.0 4.1Incoming 4.6 .80 3.7 2.8

(D All Hi-Shock ty"es and commercial types manufactured prior to 1977 are repulslon-Atlraction.

DC 663 100-245-6P 583
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Exhibit (10): Agastat ETR Time Delay Relay Burden

Agastatrcontrol relays TR series time cleoy
I

44- Awl V,~

rl

Ak
W

0Mofffli

Operating voltage'
+ 10% -15%

D.C. ,
24 VDC
.125 VDC

A.C.
120V 50 - 60 Hz

Timing ranges
,l5to3Sec. 4tol20Sec.
.55to15Sec. 10to300Sec.
I to 30 Sec. 2 to 60 Min.
2to60Sec. lto30Min.

Repeat Accuracy
Repeat accuracy at any fixed
temperature Is defiried as: .

-The repeat accuracy deviation
(An) of a time-delay relay is a
measure of the maximurndevia-
tion in the time-delay that will be

* experienced in 100 successive
operations at any particular time
setting of the relay and for any
particular operating voltage
or current.
Repeat accuracy is obtained from
the following formula:

AR= 100D (T, - Tv)
(r, - T,)

Where -
T, = Maximum observed time.
T= W Minimum observed time.

"NEMA part ICS 2-218.07
Repeat Accuracy = 2% at fixed
temperature. voltage, and off-
time.

Overall Accuracy t 5% over com-
bined rated extremes of tempera-
lure and voltage.

Contacts
Relay 4 PDT 10 amps
See GP series specifications:
"Contacts.-

Operating temperature
range
01C to 501C

, Wiring Diagram
kC. and D.C.

Timing Adjustment
Internal Fixed.
Internal potentiometer.

Mounting/terminals
16 flat base pins which may be
soldered. Screw terminal or
quick-connect sockets are avail.
able.

Life
Load life - see chart
Mechanical life ý l0D million
operations.

Load life characteristics
Curreoa rn AMPS

Transient Piotectlon
* A 1500 volt transient of less than

10D microseconds, or 1000 volts of
* - - less than I millisecond will not af-

fect liming accuracy.

Insulation Resistance
Between all non-connected termi-
nials as well as between norn-
connected terminals and the relay
yoke: 1.000 megohms at 500 volts
D.C.

Power Consumption
Typicat power consumption at
rated voltage Is:

6VA for A.C. coils..
6 Watts for D.C. coils.

Dielectric
2000 VAC between terminals and
case and between mutually-
isolated contacts.
Weight

11 Oz. Net.

Dimensions

<.7)

2Z5. 5 7.5 go

12C(V
3M.0O Hi
2,dVlC,

D C 'D.C. 50M60 MCBO
HI "z
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Exhibit (11): Potter & Brumfield KH Series Relay Burden

- POTTER & BRUMFIELD RELAYS'
CAqLC 376,p

4

ffH serIes.
GENERAL PURPOSE

~MULTICONTACT

AC or DC RELAY
" "": .... •'• • I" File'FE=275

40118 -....-- . U - -• " Ie l 4 -F -.. ... . .

' "" File 29244 (Umited recognition of 5 Pole verslon.)

GENERAL INFORMATION - COIL DATA.
Only allghtlij larger than a cubic inch.' fthe KH Series PC and C Woltage: Fro 6to 1'20V DC. and 6to 240V AC, 50/60 Hz

relays represt anadded dimension In electromagnetic switch- -Kee. DC C coils-0.9 watt 0.5 watt minimum operate @
Ing reliability,. ese inilature relays are lpclfl~ll , elo A os. AM VA minimum spcf.ato I tC
meet the exacting requirements of data processing. photocopIer, AC .olls-1-.2 VA-. Cprt @
process Oontrol and other applications. " Max.Pbal r DO'ools-2.0watte@251C.

Design variations, Including a variety of case and termination 'Duty Cycle: Continuous.
options, result ln relays having dilffeient designators. Several of . Initial Breakdown Voltage: 500V rns. 60o .
the versions available are UL Recognized and/or CSA Certifed.
The standard contacts are rated 1/10 HP.'3 amps. 120V AC: 3 OPERATE DATA
amps. 30V PC, eistidMve. Models with contacts rated to 5 amps Must-Op6rtoVo g~ DC: 75% of nominal voltage Q 25SC.
are also available. AC: 65% of nominal voltage @ 25C..ý-,

The KHS Is hermeticaly sealed and u6L approved for Class 1, OoputriTlmae 13 milliseconds typical '@ nominal'voltage and.."
Divson2 hazard• u locations. +251C (excluding bounce).

For' quik . e.. ctio. o features......v.....a...e for ... R Timm- 6- milliseconds typical @ nominal volt ag-ndi--.F#u/e.laello6 of, ftalres A~la'Weta fo KH 6&r5A relays. +251C (excluding ouJnce). "•-" o-

to tcthe OrderigIfrainbbe
pa __________" " • ... . .ENV1RONM ENTALDATAA... . - -

- -- -_______ _ ...-Temnparabue Range: -451Cto 7CENGINEERING DT
CONTAC7 DATA NECHANICAL DATA
Aam•w t 2FormC(DPDT).4Form C(4PDr)and5FormC 03-inuilng: 03.48 OA sockets w•h printed circuit or solder

(5PDT) (KHS & KHU only). Other arrangements terminals, or bracket plate with 06-32 threaded
av .mailable on special order. stud.•. •:1

tse t br'nl~rdPm: Printed circuiL sl~d~le cket or taper.tab termi.-ftnMrsl! See contatct ratings table. n rals.. Printed circuit terminals are tavalable for K.HS
Se tratings tabi. on a special order basis. a .v.lbl.fr..

&flcd.UteUe:i,0 million operations, mechanical; 100.000 oper- Inulating Oatseal: Molded high-dielectric material.
ations minimum at rated loads. Ratings are lErncoe.nw See Ordering Information table. Cover colors are
S I based on tastaof relayswith ungrounded frames. available In black, red, blue, yellow and green byspecial order.

fttl Breakdown Voltage: 500V rms, 60 kz. between open con- ,Weght 1.g cz. spprox. (45 gis.)
tML.1240V ims 60 Ki. between all other elements. COIL DATA FOR KH SERIES

CONTACT RATINGS,.
I

cc"stw

Rasisllve Rulls
Ulnlwum .ztuwua

IWWJr0 WlVAh• 3vu' |3A 0 1 U2ArZ5VDC

I SOVA. avct2liDC ISAO 1MA-
2VI2D 12AA 0 12DVAC4v2UVDCA

! .............. I - _

DC coi1,11 ae COMBS
* Reishftcs In NembII PAeliftai Hemnish

MombWa oDxeo * Is% a bediuclae in Ohms AC Cuner*
Villae _ W'C.,- InMniy 2:13% kInMA

12 1W A 4 "
24 amo Ue 18

so t"m ~ -

Ila* 11t1.00 17.fl
I=* c UAWm 115

"a0- 12.=0 .

NKot For 220 and 240V DC. use series dropping
6W resistor Of 1111O0fa

I - a.. . . . IA ".. . .. .
bry dMuh 1A 0 1MMMOC

I .. I
Wv0VWyA lctvoC A lAov1c2sVAC=D

5eltA@~~3 l0~l~O 120. sVAENsvoDC- !

WOML Rla~y Mhould 'only cary a maxium of 15 emps continu-
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VA Spec for AC Coil = 1.2 VA

Wattage = (0.011)2 X 3900 = 0.47W



CALCULATION NUMBER: 9000041128 REVISION: 1; LEGACY NUMBER: 357S-DC Page 105 of 152

ATTACHMENT "1"

PT Burden Calculation

Exhibit (12): Action Pak AP6380 Isolator Burden

Specifications
-r kw- -60

Vabos 5OnV AC In 200V AC
Dirriet 5rnA AC to IO~reA AC

kInpu Fraquany
DC-1t~tz, iac~y caibalsd at M0Hz

Vollae: W10K Ow~e
Curret 20 Ohnu 4OW

hiu Ovadoed (W - io
Vokage: 3W0 AC
Qtrent 20MM AC, GOTV peag

Common Mode Voltage
150V DCC, kPs* In gnWW

Oupu Rage -eelb
Vakage: 0&5 DC, 0-tOV DC
Queiet 4-2WrA DC, 0-IwM DC

-UK SOLM
linpedanice

Wrap: -CIO Owns
Curent: >101K Ohmns

Oi4xA Drive
Vltdew IOm n- (1K Oh-, @ S i § 10V
Quniet 2VDC amOtcs (1K Ohm ma @

Span Tan Demn
50% of U ecee range

Zao Turn Up
•0% of U ecele raage

LED Indicatio
"Hz ash atmuin hIpt is 10% above kd

scae wftu 0
Acc-ay Oncludling hpsexslosk andl linwly)

*01% of GPaM ty1clc
505% of 0an, naxkimjm

Response Teme

Stability
±025 of M saie per 'C. tyW

Commor Mode Rejection
120dB, DC in 50Hz

taclalion (Omn to tAPw to pow")
1500V DC or peak AC

Temperature Range
Operslin 0 In 61rC (32 Is 1407)

-fSba -15 7WC (5 b 08-F)
Hwdday (NIo.COV40emg)

Into ffi%/ RH at45TC

Po~e
Carausumipt 3W ical, SW mat
Stardid: Selectable 120r4WW AC

Weight

Agericy AgWonh
CSA cer" per standaid C222, No. U1982

(Fe No. 1R422M7-38).
UL mzeuynd per standard UL508

(PFe No. E150323)

.ountint
AN Action Paks feature plug-in installation.
Model AP6380 uses an 8"pin base. either
molded socket (M0oo) or DIN rail socket
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PT Burden Calculation

Exhibit (13): Potter & Brumfield MDR-4103 Burden
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Potential Transformer Characteristic Ratio and Phase Angle Curve
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ATTACHMENT "3"

Basler BE1-GPS100 Drift Calculation
(Units 1&2: 27HFB2, 27HGB2 & 27HHB2)

SUMMARY
Based on the analysis of 7 years of calibration data on Basler BEl-GPS100 the following conservatively
determined drift values will be assumed:

Device 27P Dropout Undervoltage Drift: ±0.50 VAC
Device 127P Dropout Undervoltage Drift: ±0.30 VAC
Device 27X Dropout Undervoltage Drift: ±0.40 VAC
Device 27P Time Delay Drift: ±0.10 Sec
Device 127P Time Delay Drift: ±0.05 Sec
Device 27X Time Delay Drift: ±0.05 Sec

ANALYSIS

Table 1; Raw Calibration Data & Undervoltage Drift - Device 27P
Device 27P

Unit # Test Date Period RLOC Dropout (VAC) Pickup (VAC)
(Days)

As Found As-Left Drift As Found As-Left Drift

1-27HFB2 10/8/2000 07776-5672-5712 NA 76.21 NA 76.84

1-27HFB2 6/19/2001 254 07913-3476-3509 76.59 76.18 0.38 77.5 77.73 0.66

1-27HFB2 5/3/2002 318 08054-3891-3926 76.16 76.16 -0.02 77.75 77.75 0.02

1-27HFB2 12/2/2003 578 51000-3609 76.15 76.15 -0.01 77.62 77.62 -0.13

1-27HFB2 8/10/2004 252 51001-5789 76.2 76.2 0.05 77.5 77.5 -0.12

1-27HFB2 8/9/2005 364 51002-7688 76.1 76.1 -0.1 77.75 77.75 0.25

1-27HFB2 9/6/2006 393 51004-7319 76.11 76.11 0.01 77.63 77.63 -0.12

1-27HFB2 5/13/2007 249 51004-8749 76.3 76.3 0.19 77.68 77.68 0.05

2-27HFB2 4/18/2001 07891-4274-4315 76.35 76.35 77.6 77.6

2-27HFB2 2/26/2002 314 08032-1194-1232 76.25 76.25 -0.1 77.71 77.71 0.11

2-27HFB2 2/14/2003 353 50000-0930 76.23 76.23 -0.02 77.7 77.7 -0.01

2-27HFB2 7/14/2004 516 51001-4626 76.17 76.17 -0.06 77.72 77.72 0.02

2-27HFB2 3/22/2005 251 51002-4097 76.21 76.21 0.04 77.67 77.67 -0.05

2-27HFB2 2/23/2006 338 51003-5697 76.2 76.2 -0.01 77.66 77.66 -0.01

2-27HFB2 2/21/2007 363 51004-5691 76.1 76.1 -0.1 77.71 77.71 0.05

2-27HFB2 2/20/2008 364 51006-0503 76.16 76.16 0.06 77.66 77.66 -0.05

1-27HGB2 10/8/2000 07777-1871-1912 NA 76.43 NA 76.76

1-27HGB2 10/23/2000 15 51000-3610 76.25 76.25 -0.18 77.71 77.71 0.95

1-27HGB2 7/10/2001 260 07921-3913-3947 NA 76.28 NA NA 77.75 NA

1-27HGB2 5/7/2002 301 08054-3927-3964 76.26 76.26 -0.02 77.76 77.76 0.01

1-27HGB2 10/23/2003 534 76.25 76.25 -0.01 77.71 77.71 -0.05

1-27HGB2 4/17/2004 177 51001-2307 76.1 76.1 -0.15 77.9 77.9 0.19

1-27HGB2 8/17/2005 487 51002-7687 76.1 76.1 0 77.717 77.717 -0.183

1-27HGB2 8/30/2006 378 51004-7316 76.23 76.23 0.13 77.69 77.69 -0.027

2-27HGB2 4/18/2001 07891-4316-4356 76.14 76.2 77.67 77.69

2-27HGB2 3/19/2002 335 08039-3291-3330 76.14 76.14 -0.06 77.68 77.68 -0.01
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Device 27P

Unit Test Date Period RLOC Dropout (VAC) Pickup (VAC)
(Days)

As Found As-Left Drift As Found As-Left Drift

2-27HGB2 12/9/2002 265 08164-1654-1690 76.19 76.19 0.05 77.7 77.7 0.02

2-27HGB2 9/29/2003 294 51000-2933 76.16 76.16 -0.03 77.62 77.62 -0.08

2-27HGB2 11/18/2004 416 51001-9565 76.05 76.05 -0.11 77.66 77.66 0.04

2-27HGB2 3/16/2006 483 51003-8344 76.16 76.16 0.11 77.66 77.66 0

2-27HGB2 2/14/2007 335 51004-6457 76.14 76.14 -0.02 77.65 77.65 -0.01

2-27HGB2 11/7/2007 266 51005-4535 76.17 76.17 0.03 77.63 77.63 -0.02

1-27HHB2 10/8/2000 07776-5672-5712 NA 76.51 NA 77.72

1-27HHB2 7/31/2001 296 07955-3350-3384 76.2 76.2 -0.31 77.29 77.71 -0.43

1-27HHB2 5/11/2002 284 08063-0380-3964 76.27 76.22 0.07 77.73 77.73 0.02

1-27HHB2 11/18/2003 556 51000-3367 76.03 76.03 -0.19 77.74 77.74 0.01

1-27HHB2 8/23/2004 279 51001-4291 76.27 76.27 0.24 77.75 77.75 0.01

1-27HHB2 11/13/2005 447 51003-2881 75.86 75.86 -0.41 77.7 77.7 -0.05

1-27HHB2 3/7/2007 479 51004-6458 76.29 76.29 0.43 77.77 77.77 0.07

1-27HHB2 12/12/2007 280 51005-6658 76.25 76.25 -0.04 77.72 77.72 -0.05

2-27HHB2 4/18/2001 07891-4274-4315 76.16 76.27 77.66 77.62

2-27HHB2 3/12/2002 328 08039-2154-2192 76.19 76.22 -0.08 77.75 77.73 0.13

2-27HHB2 11/16/2002 249 08179-0328-0365 76.19 76.19 -0.03 77 77 -0.73

2-27HHB2 10/20/2003 338 51000-3368 76.2 76.2 0.01 77.7 77.7 0.7

2-27HHB2 3/8/2005 505 51002-3638 76.2 76.2 0 77.64 77.64 -0.06

2-27HHB2 5/8/2005 61 51003-8587 76.12 76.12 -0.08 77.63 77.63 -0.01

2-27HHB2 1/10/2007 612 51004-6057 76.17 76.17 0.05 77.67 77.67 0.04

2-27HHB2 3/5/2008 420 51006-1369 76.16 76.16 -0.01 77.66 77.66 -0.01
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Table 2; Raw Calibration Data & Undervoltage Drift - Device 127P

Device 127P

Unit # Test Date Period RLOC Dropout (VAC) Pickup (VAC)
(Days)

As Found As-Left Drift As Found As-Left Drift

1-27HFB2 10/8/2000 07776-5672-5712 NA 30.59 NA 31.12

1-27HFB2 6/19/2001 254 07913-3476-3509 30.5 30.5 -0.09 31.11 31.15 -0.01

1-27HFB2 5/3/2002 318 08054-3891-3926 30.54 30.54 0.04 31.1 31.1 -0.05

1-27HFB2 12/2/2003 578 51000-3609 30.51 30.51 -0.03 31.1 31.1 0

1-27HFB2 8/10/2004 252 51001-5789 30.6 30.6 0.09 31.1 31.1 0

1-27HFB2 8/9/2005 364 51002-7688 30.5 30.5 -0.1 31.154 31.154 0.054

1-27HFB2 9/6/2006 393 51004-7319 30.52 30.52 0.02 31.07 31.07 -0.084

1-27HFB2 5/13/2007 249 51004-8749 30.52 30.52 0 31.1 31.1 0.03

2-27HFB2 4/18/2001 07891-4274-4315 30.53 30.53 31.12 31.12

2-27HFB2 2/26/2002 314 08032-1194-1232 30.54 30.54 31.16 31.16

2-27HFB2 2/14/2003 353 50000-0930 30.58 30.58 0.04 31.13 31.13 -0.03

2-27HFB2 7/14/2004 516 51001-4626 30.42 30.42 -0.16 31.19 31.19 0.06

2-27HFB2 3/22/2005 251 51002-4097 30.57 30.57 0.15 31.15 31.15 -0.04

2-27HFB2 2/23/2006 338 51003-5697 30.56 30.56 -0.01 31.14 31.14 -0.01

•2-27HFB2 2/21/2007 363 51004-5691 30.53 30.53 -0.03 31.08 31.08 -0.06

2-27HFB2 2/20/2008 364 51006-0503 30.55 30.55 0.02 31.13 31.13 0.05

1-27HGB2 10/8/2000 07777-1871-1912 NA 30.63 NA 31.18

1-27HGB2 10/23/2000 15 51000-3610 30.57 30.57 -0.06 31.15 31.15 -0.03

1-27HGB2 7/10/2001 260 07921-3913-3947 NA 30.6 NA 31.16

1-27HGB2 5/7/2002 301 08054-3927-3964 30.6 30.6 0 31.18 31.18 0.02

1-27HGB2 10/23/2003 534 30.57 30.57 -0.03 31.15 31.15 -003

1-27HGB2 4/17/2004 177 51001-2307 30.5 30.5 -0.07 31.27 31.27 0.12

1-27HGB2 8/17/2005 487 51002-7687 30.543 30.543 0.043 31.203 31.203 -0.067

1-27HGB2 8/30/2006 378 51004-7316 30.57 30.57 0.027 31.13 31.13 -0.073

2-27HGB2 4/18/2001 07891-4316-4356 30.57 30.62 31.19 31.21

2-27HGB2 3/19/2002 335 08039-3291-3330 30.5 30.5 -0.12 31.12 31.12 -0.09

2-27HGB2 12/9/2002 265 08164-1654-1690 30.49 30.49 -0.01 31.15 31.15 0.03.

2-27HGB2 9/29/2003 294 51000-2933 30.52 30.52 0.03 31.1 31.1 -0.05

2-27HGB2 11/18/2004 416 51001-9565 30.5 30.5 -0.02 31 31 -0.1

2-27HGB2 3/16/2006 483 51003-8344 30.53 30.53 0.03 31.12 31.12 0.12

2-27HGB2 2/14/2007 335 51004-6457 30.53 30.53 0 31.09 31.09 -0.03

2-27HGB2 11/7/2007 266 51005-4535 30.55 30.55 0.02 31.1 31.1 0.01

1-27HHB2 10/8/2000 07776-5672-5712 NA 30.59 NA 31.06

1-27HHB2 7/31/2001 296 07955-3350-3384 30.55 30.52 -0.04 31.14 31.18 0.08

1-27HHB2 5/11/2002 284 08063-0380-3964 30.57 30.57 0.05 31.16 31.15 -0.02

1-27HHB2 11/18/2003 556 51000-3367 30.59 30.59 0.02 31.18 31.18 0.03

1-27HHB2 8/23/2004 279 51001-4291 30.56 30.56 -0.03 31.13 31.13 -0.05

1-27HHB2 11/13/2005 447 51003-2881 30.38 30.38 -0.18 31.23 31.23 0.1

1-27HHB2 3/7/2007 479 51004-6458 30.61 30.61 0.23 31.16 31.16 -0.07

1-27HHB2 12/12/2007 280 51005-6658 30.6 30.6 -0.01 31.14 31.14 -0.02

2-27HHB2 4/18/2001 07891-4274-4315 30.49 30.53 31.15 31.15

2-27HHB2 3/12/2002 328 08039-2154-2192 30.57 30.56 0.04 31.17 31.17 0.02

2-27HHB2 11/16/2002 249 08179-0328-0365 30.53 30.53 -0.03 31.15 31.15 -0.02

2-27HHB2 10/20/2003 338 51000-3368 30.53 30.53 0 31.14 31.14 -0.01

2-27HHB2 3/8/2005 505 51002-3638 30.59 30.59 0.06 31.1 31.1 -0.04
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Device 127P

Unit # Test Date Period RLOC Dropout (VAC) Pickup (VAC)
(Days)

As Found As-Left Drift As Found As-Left Drift

2-271IHB2 5/8/2005 61 51003-8587 30.37 30.37 -0.22 31.28 31.28 0.18

2-271IHB2 1/10/2007' 612 51004-6057 30.56 30.56 0.19 31.12 31.12 -0.16

2-27H1HB2 3/5/2008 420 51006-1369 30.55 30.55 -0.01 31.13 31.13 0.01

Table 3; Raw Calibration Data & Undervoltage Drift - Device 27X
Device 27X

Unit # Test Date Period RLOC Dropout (VAC) Pickup (VAC)

(Days)

As Found As-Left Drift As Found As-Left Drift

1-27F1-FB2 10/8/2000 07776-5672-5712 NA 23.520 NA 23.710
1-2714FFB2 6/19/2001 254 07913-3476-3509 23.4 23.35 -0.120 23.64 23.86 -0.070
1-2714`FB2 5/3/2002 318 08054-3891-3926 23.37 23.37 0.020 23.82 23.82 -0.040
1-271-FB2 12/2/2003 578 51000-3609 23.37 23.37 0.000 23.77 23.77 -0.050
1-27HFB2 8/10/2004 252 51001-5789 23.4 23.4 0.030 23.8 23.8 0.030
1-27FHFB2 8/9/2005 364 51002-7688 23.34 23.34 -0.060 23.89 23.89 0.090
1-2714`FB2 9/6/2006 393 51004-7319 23.38 23.38 0.040 23.82 23.82 -0.070
1-271-FB2 5/13/2007 249 51004-8749 23.5 23.5 0.120 23.82 23.82 0.000

2-27H1FB2 4/18/2001 07891-4274-4315 23.31 23.31 23.86 23.86
2-271-FB2 2/26/2002 314 08032-1194-1232 23.39 23.39 23.87 23.87
2-27HFB2 2/14/2003 353 50000-0930 23.4 23.4 0.01 23.85 23.85 -0.020
2-27-IFB2 7/14/2004 516 51001-4626 23.33 23.33 -0.07 23.82 23.82 -0.030
2-2714FFB2 3/22/2005 251 51002-4097 23.4 23.4 0.07 23.86 23.86 0.040
2-271-FB2 2/23/2006 338 51003-5697 23.37 23.37 -0.03 23.78 23.78 -0.080
2-27141FB2 2/21/2007 363 51004-5691 23.42 23.42 0.05 23.86 23.86 0.080
2-271HFB2 2/20/2008 364 51006-0503 23.36 23.36 -0.06 23.82 23.82 -0.040

1-271IGB2 10/8/2000 07777-1871-1912 N.A* 23.49 N.A* 23.82
1-27HGB2 10/23/2000 15 51000-3610 23.38 23.38 -0.11 23.78 23.78 -0.04
1-27HGB2 7/10/2001 260 07921-3913-3947 ? 23.36 ? 23.8

1-27HGB2 5/7/2002 301 08054-3927-3964 23.35 23.35 -0.01 23.8 23.8 0
1-2714GB2 10/23/2003 534 23.38 23.38 0.03 23.78 23.78 -0.02
1-27F1GB2 4/17/2004 177 51001-2307 23.28 23.28 -0.1 23.87 23.87 0.09
1-2714GB2 8/17/2005 487 51002-7687 23.316 23.316 0.036 23.904 23.904 0.034
1-27HGB2 8/30/2006 378 51004-7316 23.38 23.38 0.064 23.81 23.81 -0.094

2-27HGB2 4/18/2001 07891-4316-4356 23.31 23.300 23.78 23.750
2-27HGB2 3/19/2002 335 08039-3291-3330 23.31 23.31 0.01 23.82 23.82 0.07
2-27HGB2 12/9/2002 265 08164-1654-1690 23.34 23.34 0.03 23.82 23.82 0
2-2714GB2 9/29/2003 294 51000-2933 23.36 23.36 0.02 23.8 23.8 -0.02
2-27H1GB2 11/18/2004 416 51001-9565 23.36 23.36 0 23.8 23.8 0
2-27HGB2 3/16/2006 483 51003-8344 23.34 23.34 -0.02 23.79 23.79 -0.01
2-2714GB2 2/14/2007 335 51004-6457 23.34 23.34 0 23.63 23.63 -0.16
2-271I-GB2 11/7/2007 266 51005-4535 23.37 23.37 0.03 23.79 23.79 0.16

1-27HHB2 10/8/2000 07776-5672-5712 N.A.* 23.350 N.A.* 23.810
1-271HB2 7/31/2001 296 07955-3350-3384 23.37 23.37 0.02 23.84 23.81 0.03
1-271-IHB2 5/I 1/2002 284 08063-0380-3964 23.38 23.38 0.01 23.83 23.83 0.02
1-271IHB2 11/18/2003 556 51000-3367 23.34 23.34 -0.04 23.71 23.71 -0.12
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Device 27X

Unit # Test Date Period RLOC Dropout (VAC) Pickup (VAC)
(Days)

As Found As-Left Drift As Found As-Left Drift

1-27HHB2 8/23/2004 279 51001-4291 23.42 23.42 0.08 23.82 23.82 0.11

1-27HHB2 11/13/2005 447 51003-2881 23.08 23.08 -0.34 23.86 23.86 0.04

1-27HHB2 3/7/2007 479 51004-6458 23.41 23.41 0.33 23.83 23.83 -0.03

1-27HHB2 12/12/2007 280 51005-6658 23.39 23.39 -0.02 23.8 23.8 -0.03

2-27HHB2 4/18/2001 07891-4274-4315 23.3 23.34 23.89 23.81

2-27HHB2 3/12/2002 328 08039-2154-2192 23.37 23.37 0.03 23.83 23.86 0.02

2-27HHB2 11/16/2002 249 08179-0328-0365 23.37 23.37 0 23.82 23.82 -0.04

2-27HHB2 10/20/2003 338 51000-3368 23.34 23.34 -0.03 23.77 23.77 -0.05

2-27HHB2 3/8/2005 505 51002-3638 23.41 23.41 0.07 23.81 23.81 0.04

2-27HHB2 5/8/2005 61 51003-8587 23.36 23.36 -0.05 23.8 23.8 -0.01

2-27HHB2 1/10/2007 612 51004-6057 23.42 23.42 0.06 23.83 23.83 0.03

2-27HHB2 3/5/2008 420 51006-1369 23.36 23.36 -0.06 23.8 23.8 -0.03

Table 4; Raw Calibration Data & Time Delay Drift - Device 27X

Time Delay (see) at 72 Time Delay (sec) at 28 Time Delay (see) at 20
PeidVAC VAC VAC

Unit # Test Date Period RLOC
(Days) As -As- As As- As As-Drift DriftDrt

Found Left Found Left Found Left

NA 4.690 NA 1.890 NA 0.654

1-27HFB2 6/19/2001 254 07913-3476-3509 4.670 4.730 -0.02 1.87 1.900 -0,02 0.66 0.680 0.006

1-27HFB2 / 5/3/2002 318 08054-3891-3926 4.700 4.700 -0.03 1.93 1.93 0.03 0.68 0.68 0

1-27HFB2 12/2/2003 578 51000-3609 4.710 4.710 0.01 1.91 1.910 -0.02 0.68 0.680 0

1-27HFB2 8/10/2004 252 51001-5789 4.730 4.730 0.02 1.92 1.920 0.01 0.67 0.670 -0.01

1-27HFB2 8/9/2005 364 51002-7688 4.700 4.700 -0.03 1.9 1.900 -0.02 0.68 0.680 0.01

1-27HFB2 9/6/2006 393 51004-7319 4.710 4.710 0.01 1.92 1.920 0.02 0.69 0.690 0.01

1-27HFB2 5/13/2007 249 51004-8749 4.700 4.700 -0.01 1.900 1.9 -0.02 0.66 0.660 -0.03

2-27HFB2 4/18/2001 07891-4274-4315 4.710 4.710 1.9 1.900 0.67 0.670

2-27HFB2 2/26/2002 314 08032-1194-1232 4.720 4.720 0.010 1.91 1.91 0.01 0.691 0.691 0.021

2-27HFB2 2/14/2003 353 50000-0930 4.710 4.710 -0.01 1.92 1.92 0.01 0.69 0.69 -0.001

2-27HF132 7/14/2004 516 51001-4626 4.700 4.700 -0.01 1.9 1.900 -0.02 0.68 0.680 -0.01

2-27HFB2 3/22/2005 251 51002-4097 4.720 4.720 0.02 1.93 1.930 0.03 0.69 0.690 0.01

2-27HFB2 2/23/2006 338 51003-5697 4.710 4.710 -0.01 1.93 1.930 0 0.67 0.670 -0.02

2-27HFB2 2/21/2007 363 51004-5691 4.720 4.720 0.01 1.91 1.910 -0.02 0.68 0.680 0.01

2-27HFB2 2/20/2008 364 51006-0503 4.710 4.710 -0.01 1.92 1.920 0.01 0.68 0.680 0

1-27HGB2 10/8/2000 07777-1871-1912 N.A* 4.660 N.A* 1.89 N.A* 065

1-27HGB2 10/23/2000 15 51000-3610 4.720 4.720 0.06 1.92 1.920 0.03 0.69 0.690 0.04

1-27HGB2 7/10/2001 260 07921-3913-3947 NA 4.700 NA 1.9 NA 0.671

1-27HGB2 5/7/2002 301 08054-3927-3964 4.700 4.700 0 1.920 1.920 0.02 0.695 0.695 0.024

1-27HGB2 10/23/2003 534 4.720 4.720 0.02 1.920 1.920 0 0.69 0.69 -0.005

1-27HGB2 4/17/2004 177 51001-2307 4.700 4.700 -0.02 1.92 1.920 0 0.67 0.670 -0.02

1-27HGB2 8/17/2005 487 51002-7687 4.700 4.700 0 1.9 1.900 -0.02 0.68 0.680 0.01

1-27HGB2 8/30/2006 378 51004-7316 4.710 4.710 0.01 1.91 1.910 0.01 0.67 0.670 -0.01

2-27HG32 4/18/2001 07891-4316-4356 4.720 4.720 1.92 1 920 0.67 0.680

2-27HGB2 3/19/2002 335 08039-3291-3330 4.720 4.720 0 1T92 1 .92 0 0.683 0.683 0.003
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Time Delay (sec) at 72 Time Delay (sec) at 28 Time Delay (sec) at 20
Period VAC VAC VAC

Unit # Test Date (Days) RLOC
As As- DA As As- As As-

Found. Left Found Left Found Left Drift

2-27HGB2 12/9/2002 265 08164-1654-1690 4.700 4.700 -0.02 1.91 1.91 -0.01 0.68 0.68 -0.003

2-27HGB2 9/29/2003 294 51000-2933 4.720 4.720 0.02 1.92 1.92 0.01 0.68 0.68 0

2-27HGB2 11/18/2004 416 51001-9565 4.710 4.710 -0.01 1.91 1.910 -0.01 0.67 0.670 -0.01

2-27HGB2 3/16/2006 483 51003-8344 4.700 4.700 -0.01 1.91 1.910 0 0.68 0.680 0.01

2-27HGB2 2/14/2007 335 51004-6457 4.700 4.700 0 1.9 1.900 -0.01 0.69 0.690 0.01

2-27HGB2 11/7/2007 266 51005-4535 4.720 4.720 0.02 1.91 1.910 0.01 0.67 0.670 -0.02

1-27HHB2 10/8/2000 07776-5672-5712 N.A.* 4.67 N.A.* 1.88 N.A.* 0.64

1-27HHB2 7/31/2001 296 07955-3350-3384 4.67 4.70 0.00 1.89 1.92 0.01 0.642 0.673 0.002

1-27HHB2 5/11/2002 284 08063-0380-3964 4.72 4.71 0.02 1.93 1.93 0.01 0.68 0.69 0.007

1-27HHB2 11/18/2003 556 51000-3367 4.72 4.72 0.01 1.92 1.92 -0.01 0.69 0.69 0.000

1-27HHB2 8/23/2004 279 51001-4291 4.72 4.72 0.00 1.90 1.90 -0.02 0.68 0.68 -0.010

1-27HHB2 11/13/2005 447 51003-2881 4.70 4.70 -0.02 1.91 1.91 0.01 0.67 0,67 -0.010

1-27HHB2 3/7/2007 479 51004-6458 4.71 4.71 0.01 1.93 1.93 0.02 0.68 0.68 0.010

1-27HHB2 12/12/2007 280 51005-6658 4.70 4.70 -0.01 1.91 1.91 -0.02 0.68 0.68 0.000

2-27HHB2 4/18/2001 07891-4274-4315 4.70 4.72 1.90 1.91 0.69 0.69

2-27HH1B2 3/12/2002 328 08039-2154-2192 4.70 4.70 -0.02 1.91 1.90 0.00 0.68 0.68 -0.01

2-27HHB2 11/16/2002 249 08179-0328-0365 4.72 4.72 0.02 1.93 1.93 0.03 0.68 0.68 0.00

2-27HHB2 10/20/2003 338 51000-3368 4.70 4.70 -0.02 1.90 1.90 -0.03 0.68 0,68 0.00

2-27HH132 3/8/2005 505 51002-3638 4.70 4.70 0.00 1.91 1.91 0.01 0.68 0.68 0.00

2-27HHB2 5/8/2005 61 51003-8587 4.73 4.73 0.03 1.92 1.92 0.01 0.69 0,69 0.01

2-27HHB2 1/10/2007 612 51004-6057 4.71 4.71 -0.02 1.90 1.90 -0.02 0.69 0,69 0.00

2-27HHB2 3/5/2008 420 51006-1369 4.70 4.70 -0.01 1.90 1.90 0.00 0.69 069 000
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Time Dependency Test - Undervoltage Dropout Drift:

Device 27P

The correlation between calibration period and magnitude of drift is equal to 0.044. Since this value is less
than 0.4 criteria established in CF6.NE1, Appendix 8.4, paragraph 4.8, it is concluded that there is no
correlation between calibration period and magnitude of drift.

Minimum calibration period: 15 days with -0.18VAC drift and maximum 612 days (-20 months) calibration
period with 0.05 VAC drift.

BEI-GPS100 Dropout Drift - Device 27P - Time Dependency
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-0.5

Calibration Period (Days)

Device 127P

The correlation between calibration period and magnitude of drift is equal to 0.295. Since this value is less
than 0.4 criteria established in CF6.NE1, Appendix 8.4, paragraph 4.8, it is concluded that there is no
correlation between calibration period and magnitude of drift.

Minimum calibration period: 15 days with -0.06VAC drift and maximum 612 days (-20 months) calibration
period with 0.19 VAC drift.
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BEI-GPS100 Dropout Drift - Device 127P - Time Dependency
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The correlation between calibration period and magnitude of drift is equal to 0.14. Since this value is less
than 0.4 criteria established in CF6.NE1, Appendix 8.4, paragraph 4.8, it is concluded that there is no
correlation between calibration period and magnitude of drift.

Minimum calibration period: 15 days with -0.11 VAC drift and maximum 612 days (-20 months) calibration
period with 0.06 VAC drift.

BE1 -GPS1 00 Dropout Drift - Device 27X -Time Dependency
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Time Dependency Test - Undervoltage Time Delay Drift:
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Device 27P

The correlation between calibration period and magnitude of drift is equal to -0.33. Since this value is less
than 0.4 criteria established in CF6.NE1, Appendix 8.4, paragraph 4.8, it is concluded that there is no
correlation between calibration period and magnitude of drift.

Minimum calibration period: 15 days with 0.06 Sec drift and maximum 612 days (-20 months) calibration
period with -0.02 Sec drift.

BEI-GPSI00 Time Delay - Device 27P -Time Dependency
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The correlation between calibration period and magnitude of drift is equal to -0.34. Since this value is less
than 0.4 criteria established in CF6.NE1, Appendix 8.4, paragraph 4.8, it is concluded that there is no
correlation between calibration period and magnitude of drift.

Minimum calibration period: 15 days with 0.03 Sec drift and maximum 612 days (-20 months) calibration
period with -0.02 Sec drift.
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BEl-GPS100 Time Delay - Device 127P - Time Dependency
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The correlation between calibration period and magnitude of drift is equal to -0.15. Since this value is less
than 0.4 criteria established in CF6.NE1, Appendix 8.4, paragraph 4.8, it is concluded that there is no
correlation between calibration period and magnitude of drift.

Minimum calibration period: 15 days with 0.04 Sec drift and maximum 612 days (-20 months) calibration
period with 0 Sec drift.

BEl-GPS100 Time Delay - Device 27X - Time Dependency
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Dropout Setpoint Drift Normalcy Test

Device 27P

Number of Data Points
Kurtosis

Skewness
Limits of Kurtosis (CF6.NE1, Table 8.4-3)

Limit of Skewness (CF6.NE1, Table 8.4-2)
Data fails the normalcy test

41
2.759
0.462
>-0.882 & <+1.364 (Note: Limits established by extrapolation)
<0.587

Device 127P

Number of Data Points
Kurtosis

Skewness
Limits of Kurtosis (CF6.NE1, Table 8.4-3)

Limit of Skewness (CF6.NE1, Table 8.4-2)
Data fails the normalcy test

41
1.827
0.095
>-0.882 & <+1.364 (Note: Limits established by extrapolation)
<0.587

Device 27X

Number of Data Points
Kurtosis

Skewness
Limits of Kurtosis (CF6.NE1, Table 8.4-3)

Limit of Skewness (CF6.NE1, Table 8.4-2)
Data fails the normalcy test

41
7.342
-0.247
>-0.882 & <+1.364 (Note: Limits established by extrapolation)
<0.587

Time Delay Setpoint Drift Normalcy Test

Device 27P

Number of Data Points
Kurtosis

Skewness
Limits of Kurtosis (CF6.NE1, Table 8.4-3)

Limit of Skewness (CF6.NE1, Table 8.4-2)
Data fails the normalcy test

41
1.254
0.751
>-0.882 & <+1.364 (Note: Limits established by extrapolation)
<0.587

Device 127P

Number of Data Points
Kurtosis

Skewness
Limits of Kurtosis (CF6.NE1, Table 8.4-3)

Limit of Skewness (CF6.NE1, Table 8.4-2)
Data fails the normalcy test

41
-0.925
0.088
>-0.882 & <+1.364 (Note: Limits established by extrapolation)
<0.587
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Device 27X

Number of Data Points 41
Kurtosis 7.342

Skewness -0.247
Limits of Kurtosis (CF6.NE1, Table 8.4-3) >-0.882 & <+1.364 (Note: Limits established by extrapolation)

Limit of Skewness (CF6.NE1, Table 8.4-2) <0.587
Data fails the normalcy test

Undervoltage Dropout Setpoint Drift - Limits Determination

Device 27P

Mean -0.0073 VAC
Standard Deviation 0.149VAC

Min Drift -0.41 VAC
Max Drift +0.43 VAC

BEl-GPS100 - Device 27P - Undervoltage Setpoint Drift
Comparisn with a Normal Distribution Model
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Actual Drift - Normal Distribution Model Drift

0.35 0.4 0.45 0.5

Although the drift data fails the normalcy test since all historical drift data falls within -0.45 to + 0.45VAC, for
the purpose of conservatism a drift value of ±0.50 VAC will be used for Device 27P.

DR27P = ±0.50 VAC

Device 127P

Mean
Standard Deviation

Min Drift
Max Drift

-0.0037 VAC
0.085 VAC
-0.22 VAC
+0.23 VAC
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BEI-GPS100 - Device 127P - Undervoltage Setpoint Drift
Comparisn with a Normal Distribution Mode
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Although the drift data fails the normalcy test since all historical drift data falls within -0.25 to + 0.25VAC, for
the purpose of conservatism a drift value of ±0.30 VAC will be used for Device 127P.

DR 127P = ±0.30 VAC

Device 27X

Mean 0.0029 VAC
Standard Deviation 0.092 VAC

Min Drift -0.34 VAC
Max Drift +0.33 VAC

BEI-GPS100 - Device 27X - Undervoltage Setpoint Drift
Comparison with a Normal Distribution Model

14

12

10 m

c 8"

4

2

0 .
-0.5 -0.45 -0.4 -0.35 -0.3 -0.25 -0.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55

Drift Value (VAC)

Actual Drift a Normal Distribution Model

Although the drift data fails the normalcy test since all historical drift data falls within -0.35 to + 0.35VAC, for
the purpose of conservatism a drift value of ±0.40 VAC will be used for Device 27X.
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DR 27X = ±0.40 VAC

Undervoltaqe Time Delay Setpoint Drift - Limits Determination

Device 27P

Mean -0.0002 Sec
Standard Deviation 0.0184 Sec

Min Drift -0.03 Sec
Max Drift +0.06 Sec

BEl-GPS100 - Device 27P -Time Delay Setpoint Drift
Comparisn with a Normal Distribution Model
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0.07

Although the drift data fails the normalcy test since all historical drift data at falls within -0.03 to + 0.06 Sec,
for the purpose of conservatism a drift value of ±0.1 Sec will be used for Device 27P.

DR27P = ±0.1 Sec

Device 127P

Mean 0.0007 Sec
Standard Deviation 0.017 Sec

Min Drift -0.03 Sec
Max Drift +0.03 Sec



CALCULATION NUMBER: 9000041128 REVISION: 1; LEGACY NUMBER: 357S-DC PAGE 122 OF 152

ATTACHMENT "3"

BE1-GPS100 - Device 127P -Time Delay Setpoint Drift
Comparison with a Normal Distribution Model
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Although the drift data fails the normalcy test since all historical drift data falls within -0.03 to + 0.03 Sec, for
the purpose of conservatism a drift value of ±0.05 Sec will be used for Device 127P.

DR127P = ±0.05 Sec

Device 27X

Mean 0.0006 Sec
Standard Deviation 0.013 Sec

Min Drift -0.03 Sec
Max Drift +0.04 Sec

BEI-GPSI00 - Device 27X -Time Delay Setpoint Drift
Comparison with a Normal Distribution Model
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Although the drift data fails the normalcy test since all historical drift data falls within -0.03 to + 0.04 Sec, for
the purpose of conservatism a drift value of ±0.05 Sec will be used for Device 27X.

DR 27x = +0.05 Sec
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ABB 27N Drift Calculation

(Units 1&2: 27H*T1A, , 27H*T1B & 27H*T1C)
* is F for Bus "F", G for Bus "G" and H for bus "H"

SUMMARY
DCPP does not currently have calibration data for the ABB 27N. In addition ABB does not publish drift
values for the ABB 27N series of relays. Per CF6.NE1 [Reference 12.1.1] section 2.3, in the absence of
vendor supplied drift data or calibration data, sensor drift value will default to ±2.0% of span. For the ABB
27N series of relays, the pick-up setting is first selected using a combination of a voltage tap and a
potentiometer [Reference 12.1.51]. ABB was contacted to determine the range of the potentiometer for
each tap setting. ABB tested one 27N relay at the 70V, 80V and high end of the 120V tap [Reference
12.1.57]. The conclusions of this test determine that the potentiometer allows a span of -12% of tap setting
and +5% of tap setting. Hence this calculation assumes [Assumption 3.6] that the range is established as
such. In addition the dropout voltage is set as a percentage of the pick-up voltage. This calculation will
specify a setpoint for the dropout setting and the pickup will be calculated as a percentage of the dropout
setting. Accordingly, this calculation assumes that the uncertainty impacts the dropout setting and that the
dropout and pickup settings will drift together in the same direction and not independently of each other.
[Assumption 3.7]. For this calculation pickup uncertainty will not be a factor.

27HxTIA Dropout Voltage Drift: ±0.34 VAC
27HxT1A Time Delay Drift: ±0.18 Sec
27HxT1 B Dropout Voltage Drift: ±0.31 VAC
27HxTIB Time Delay Drift: ±0.18 Sec
27HxT1 C Dropout Voltage Drift: ±0.27 VAC
27HxT1C Time Delay Drift: ±0.18 Sec

ANALYSIS

27HxTtA Pickup Voltage Drift:

Per Reference 12.1.51, the Pickup voltage point is set as follows:

The Pickup tap is set to the nearest value to the desired setting. The calibration potentiometer [R27] will
allow fine tuning of the pickup setting to a span from -12% of tap setting to +5% of tap setting.

Per Reference 12.1.51, Pickup tap has values of 60, 70, 80, 90, 100 or 110 volts.

Setpoint = 96.5 VAC
Tap = 100 VAC
Span = 100-12%:100+5% = 88VAC:105VAC

Hence per the guidance of CF6.NE1 the Dropout Voltage Drift value for a 30 month calibration period is
assumed to be 2% of the span between 88 and 105 volts or 0.34 volts.

27HxTtA Time Delay Drift:

Per Reference 12.1.51, ABB 27N relays are available with a definite time delay. The time delay is available
with a 0.1-1 second range, 1-10 second range, 2-20 second range and a 10-100 second range. The T1A
relays will all be set with a time delay of 8 seconds hence only models using the 1-10 second range will be
used.
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Per the guidance of CF6.NE1 the Time Delay Drift value for a 30 month calibration period is assumed to be
2% of the span between 1-10 seconds or 0.18 seconds.

27HxTIB Pickup Voltage Drift:

Setpoint = 90.5 VAC
Tap = 90 VAC
Span = 90-12%:90+5% = 79.2VAC:94.5VAC

Hence per the guidance of CF6.NE1 the Dropout Voltage Drift value for a 30 month calibration period is
assumed to be 2% of the span between 79.2 and 94.5 volts or 0.31 volts.

27HxTIB Time Delay Drift:

Per Reference 12.1.51, ABB 27N relays are available with a definite time delay. The time delay is available
with a 0.1-1 second range, 1-10 second range, 2-20 second range and a 10-100 second range. The T1B
relays will all be set with a time delay of 5 seconds hence only models using the 1-10 second range will be
used.

Per the guidance of CF6.NE1 the Time Delay Drift value for a 30 month calibration period is assumed to be

2% of the span between 1-10 seconds or 0.18 seconds.

27HxTIC Pickup Voltage Drift:

Setpoint = 78.6 VAC
Tap = 80 VAC
Span = 80-12%:80+5% = 70.4VAC:84VAC

Hence per the guidance of CF6.NE1 the Dropout Voltage Drift value for a 30 month calibration period is

assumed to be 2% of the span between 70.4 and 84 volts or 0.27 volts.

27HxTIC Time Delay Drift:

Per Reference 12.1.51, ABB 27N relays are available with a definite time delay. The time delay is available
with a 0.1-1 second range, 1-10 second range, 2-20 second range and a 10-100 second range. The T1A
relays will all be set with a time delay of 3 seconds hence only models using the 1-10 second range will be
used.

Per the guidance of CF6.NE1 the Time Delay Drift value for a 30 month calibration period is assumed to be
2% of the span between 1-10 seconds or 0.18 seconds.
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ABB 59N Drift Calculation
(Units 1&2: 27HFT2, 27HGT2, 27HHT2, 27HFB3/4, 27HGB3/4 & 27HHB3/4)

SUMMARY
DCPP does not currently have calibration data for the ABB 59N. In addition ABB does not publish drift
values for the ABB 59N series of relays. Per CF6.NE1 [Reference 12.1.1] section 2.3, in the absence of
vendor supplied drift data or calibration data, sensor drift value will default to ±2.0% of span. For the ABB
59N series of relays, the pick-up setting is first selected using a combination of a voltage tap and a
potentiometer [Reference 12.1.51]. ABB was contacted to determine the range of the potentiometer for
each tap setting. ABB tested one 27N relay at the 70V, 80V and high end of the 120V tap [Reference
12.1.57]. The conclusions of this test determine that the potentiometer allows a span of -12% of tap setting
and +5% of tap setting. Due to the similarity in the 27N and 59N relay design, this calculation assumes
[Assumption 3.6] that the range for the 59N relays is established in the same manner as the 27N relay. In
addition the dropout voltage is set as a percentage of the pick-up voltage. This calculation will specify a
setpoint for the dropout setting and the pickup will be calculated as a percentage of the dropout setting.
Accordingly, this calculation assumes that the uncertainty impacts the dropout setting and that the dropout
and pickup settings will drift together in the same direction and not independently of each other.
[Assumption 3.7]. For this calculation pickup uncertainty will not be a factor.

27H'xT2 Dropout Voltage Drift: ±0.34 VAC
27HxT2 Time Delay Drift: ±0.02 Sec
27HxB3 Dropout Voltage Drift: ±0.37 VAC
27HxB3 Time Delay Drift: ±0.02 Sec
27HxB4 Dropout Voltage Drift: ±0.37 VAC
27HxB4 Time Delay Drift: ±0.02 Sec

ANALYSIS

27HxT2 Pickup Voltage Drift:

Per Reference 12.1.51, the Pickup voltage point is set as follows:

The Pickup tap is set to the nearest value to the desired setting. The calibration potentiometer [R27] will
allow fine tuning of the pickup setting to a span from -12% of tap setting to +5% of tap setting.

Per Reference 12.1.51, Pickup tap has values of 100, 110, 120, 130, 140 or 150 volts.

Setpoint = 98 VAC
Tap = 100 VAC
Span = 100-12%:100+5% = 88VAC:105VAC

Hence per the guidance of CF6.NE1 the Dropout Voltage Drift value for a 30 month calibration period is
assumed to be 2% of the span between 88 and 105 volts or 0.34 volts.

27HxT2 Time Delay Drift (on Pickup):

Per Reference 12.1.51, ABB 59N relays are available with a definite time delay. In order to use the
harmonic filter on the 59N relays, a time delay must be used. The time delay is available with a 0.1-1
second range, 1-10 second range, 2-20 second range and a 10-100 second range and will apply to the
relay pickup (reset). The T2 relays will all be set with a time delay of 0.1 seconds hence only models using
the 0.1-1 second range will be used.
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Per the guidance of CF6.NEI the Time Delay Drift value for a 30 month calibration period is assumed to be

2% of the span between 0.1-1 seconds or 0.02 seconds.

27HxB3 Pickup Voltage Drift:

Setpoint = 109.25 VAC
Tap= 110 VAC
Span = 110-12%:110+5% = 96.8VAC:115.5VAC

Hence per the guidance of CF6.NE1 the Dropout Voltage Drift value for a 30 month calibration period is
assumed to be 2% of the span between 96.8 and 115.5 volts or 0.37 volts.

27HxB3 Time Delay Drift (on Pickup):

Per Reference 12.1.51, ABB 59N relays are available with a definite time delay. In order to use the
harmonic filter on the 59N relays, a time delay must be used. The time delay is available with a 0.1-1
second range, 1-10 second range, 2-20 second range and a 10-100 second range and will apply to the
relay pickup (reset). The B3 relays will all be set with a time delay of 0.1 seconds hence only models using
the 0.1-1 second range will be used.

Per the guidance of CF6.NE1 the Time Delay Drift value for a 30 month calibration period is assumed to be

2% of the span between 0.1-1 seconds or 0.02 seconds.

27HxB4 Pickup Voltage Drift:

Setpoint = 108.25 VAC
Tap = 110 VAC
Span = 110-12%:110+5% = 96.8VAC:115.5VAC

Hence per the guidance of CF6.NE1 the Dropout Voltage Drift value for a 30 month calibration period is
assumed to be 2% of the span between 96.8 and 115.5 volts or 0.37 volts.

27HxB4 Time Delay Drift (on Pickup):

Per Reference 12.1.51, ABB 59N relays are available with a definite time delay. In order to use the
harmonic filter on the 59N relays, a time delay must be used. The time delay is available with a 0.1-1
second range, 1-10 second range, 2-20 second range and a 10-100 second range and will apply to the
relay pickup (reset). The B3 relays will all be set with a time delay of 0.1 seconds hence only models using
the 0.1-1 second range will be used.

Per the guidance of CF6.NE1 the Time Delay Drift value for a 30 month calibration period is assumed to be
2% of the span between 0.1-1 seconds or 0.02 seconds.
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ABB 62T Time Delay Relay Drift Calculation
(Units 1&2: 62HF3A, 62HG3A, 62HH3A, 62HF3B, 62HG3B, 62HH3B)

SUMMARY
DCPP does not currently have calibration data for the ABB 62T. In addition ABB does not publish drift
values for the ABB 62T series of relays. Per CF6.NE1 [Reference 12.1.1] section 2.3, in the absence of
vendor supplied drift data or calibration data, sensor drift value will default to ±2.0% of span [Reference
12.1.52]:

Time Delay Drift 62H*3A Relays: ±0.17 Sec
Time Delay Drift 62H*3B Relays: ±0.37 Sec

ANALYSIS

Time Delay Drift:

Per Reference 12.1.52, ABB 62T relays are solid state digital timers. The time delay is available with a
0.001-0.999 second range, 0.01-9.99 second range, 00.1-99.9 second range and a 001-999 second range.

The 62H*3A relays will use the 0.01-9.99 second range. However since the setpoint is set using
thumbwheels in a digital circuit, the drift only applies to the oscillator circuit for the duration of the timing.
Hence the span considered for drift will only be from 0 to the 8.5 sec setpoint.

Per the guidance of CF6.NE1 the Time Delay Drift value for a 30 month calibration period is assumed to be
2% of the span between 0-8.50 seconds or 0.17 seconds.

The 62H*3B relays will use the 0.1-99.9 second range. However since the setpoint is set using
thumbwheels in a digital circuit, the drift only applies to the oscillator circuit for the duration of the timing.
Hence the span considered for drift will only be from 0 to the 18.5 sec setpoint.

Per the guidance of CF6.NE1 the Time Delay Drift value for a 30 month calibration period is assumed to be
2% of the span between 0-18.50 seconds or 0.37 seconds
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MTS-1710 Universal Protective Relay Test System

Condensed Specifications

-*e ftItorm3@n

NOTE: This product has been superceded by the MTS-5000

Relay Test System
Protective

Power Supply
Single phase 105-130 VAC @ 15A max (or 210-250 VAC @8A max when ordered with option 15),
factory set, 47-63 Hz

Outputs

3-phase wye voltage:
* 0-150V rms phase-neutral, direct coupled
* 85 VA (1.13A) per phase maximum @ 75V phase-neutral output, P.F.1=.0
* 120 VA per phase maximum @ 150V phase-neutral output, P.F.=1

Single phase current:
* Switched to 3 phase output terminals, direct coupled

http: ,'\•-uuv.mantatest.coiu prod_ 17 10.htnl
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* 0-30A rms, 400 VA maximum, 44V rms maximum
Additional current modes:

" For simultaneous 3-phase current, MTS-1720 required
" 0-6A DC mode
" Two mixed harmonic current modes for harmonic restraint testing:

* Sum of fundamental frequency current and pure second harmonic current
* Sum of fundamental frequency current and half-wave rectified fundamental DC

current
" High AC current 0-75A @3V mode for instantaneous tests (7.5 maximum compliance

voltage)
" Parallel current mode allows paralleling of current outputs of MTS-1 710 & MTS-1 720 for

up to 90amps max, 1000VA max, 44Vrms max
" Dual AC current mode for slope tests (11: 60A maximum, 50A @3.5V, 12: see single

phase current)

Note: For all current outputs, maximum obtainable current will vary inversely with load
impedance.

Output frequency:
* Power line (frequency and phase locked)
* 2nd through 10th harmonic of power line
* Variable

* 40.00 - 80.00 Hz (0,001 Hz resolution, 0,01% accuracy)
* 80 - 800 Hz (0.01 Hz resolution, 0.02% accuracy)

* 25 Hz frequency mode
Four output level settings:

& Off, prefault, fault, postfault
Phase control:

" Phase between current and any voltage is adjustable from 0 through 360 degrees
" Adjustment resolution: 0.25 degrees

Inputs

Start/Stop trigger inputs:
" For externally triggering fault initiation/termination
" NC or NO wet/dry contact sensing
" DC/AC voltage sensing (10V threshold level, 52k ohms input impedance minimum)

http: ýxv--iv-w.rnantatest.comu prod 1 71 0.htmli
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Metering

AC Voltage measurements:
" A-N, B-N, C-N, A-B, B-C, C-A
" True RMS responding, autoranging
" Voltage scales (approx):0-82V, 82-327V
" Accuracy: +/-0.5% of reading +/-0.2% of scale

AC Current measurements:
" Measures actual output current
" True RMS responding, autoranging
" Current scales (approx): 0-8.2A, 8.2-32.7A
" High current scales (approx): 0-24.5A, 24.5-98.3A
" Accuracy: +/-0.5% of reading +/-0.2% of scale

DC Current measurement:
* 0 - 10.OOA scale
* Accuracy: +/-1% of reading +/-0.2% of scale

Phase measurement:
* Accuracy: +/-0.5 degrees
* 0-359.9 deg. or 0 - +/-180 deg. display modes
* Selectable V-leads-I or I-leads-V measurement reference

Time measurement:
* Measures interval from either fault initiation or external start trigger signal
* 0 - 99999 sec, autoranging scale
* 0 - 99999 cycles, autoranging scale
* Best resolution: 0.1 ms/ 0.1 cycles
* Two-wire pulse timing mode
* Accuracy: 0 - 9.9999 sec scale: +/-0.5ms +/- 1 LS digit, all other scales: +/-0.005% +/-1

digit
Frequency measurement:

" Power line frequency measurement (accuracy & resolution: 0.01 Hz)
" Variable frequency value displayed to 0.001 Hz resolution

Computed measurements
* Impedance (V/I, V/21, V/SQRT(3)I, V/(1 +kl) ) with programmable k-factor
* Resistance (Re[V/I], Re[V/21], Re[V/SQRT(3)I], Re[V/(l+kl)] ) with programmable k-factor
• Reactance (Im[V/I], lm[V/21], Im[V/SQRT(3)l], lm[V/(1+kl)]) with programmable k-factor
* Single phase power (Watts, Vars, VA, PF)
• 11/12, 12/11, ABS(11-12)1((l1+12)/2) & 12/((2 11+12)12) with programmable CT tap values for I1, 12
* Volts-per-Hz
* Breaker advance time, breaker closing angle

http: 'ý"VIwww.miantatest~coiiuprod_1 7 10O.htiil
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HP 34401A Multimeter

Uncompromising performance for
benchtop and system testing

# Measure up to 1000 volts with
6 1/2 digits resolution

* dc accuracy of 0.0015%
* ac accuracy of 0.06%
, 3Hz to 300kHz ac bandwidth
- 1000 readings/sec. direct to

HP-TB

Superior performance

The HP 34401A multinmeter gives
you the performance you need for
fast, accurate bench and systems
testing. The HP 34401A provides a
combination of resolution,
accuracy and speed that rivals
DMMs costing many times more.
A 6 1/2-digit display, 0.0015% Basic
24-hr dcV accuracy and 1,000
readings/sec direct to HP-lB assure
you of results that are accurate,
fast, and repeatable.

Use it on your benchtop

The HP 34401A was designed with
your bench needs in mind.
Functions commonly associated
with pure bench operation, like
continuity and diode test, are built
in. A Null feature allows you to
remove lead resistance or other
fixed offsets in your measurements.
Other capabilities like min/max/avg
readouts and direct dB and dBm
measurements make checkout with
your DMM faster and easier.

When yotu want to store readings
for future reference, the HP 34401A
gives you the ability to store up to
512 readings in internal memory.
For troubleshooting, a reading hold
feature lets you concentrate on
placing your test leads without
having to constantly glance at the
display.

Use it for systems
testing

For systems use, the
HP 34401A gives you
faster bus throughput r
than any other DMM in its
class. Tile HP 34401A can
send up to 1,000
readings/sec directly
across HP-IB in user-
friendly ASCII format.

You also get both HP-1B and RS-232
interfaces as standard features.
Voltmeter Complete and External
Trigger signals are provided so you
can synchronize to other
instruments in your test system.
In addition, a TTL output indicates
Pass/Fail restilts when limit testing
is used.

To ensure both forward and
backward compatibility, the
HP 34401A includes three
command languages (SCPI,
HP 3478A and Fluke 8840A /42A),
so you don't have to rewrite your
existing test software. An optional
rack mount kit is available.

Easy to use

To save you time and trouble, all
major functions, like selecting the
fmnction, range and nuniber of
digits, can be accessed on tile front
panel with one push of a button.

Advanced features are available
using menu functions that let you
optimize the HP 34401A for yotur
applications.

To further increase your
productivity, the HP 34401A can
be used in conjunctionwith
HP 34812A BenchLink Meter
software. The Windows-based
program lets you configure and
initiate measurements from your
computer, and transfer results from
your test instrument to your PC.
It even enables direct temperature
measurements with the HP 34401A
and an RTD or thermistor probe.
HP BenchLink Meter also lets you
create graphs, charts and histo-
grams to help you evaluate results.

3-year warranty

With your HP 34401A, you get full
documentation, a high-quality test
lead set, calibration certificate with
test data, and a 3-year warranty, all
for one low price.
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Accuracy Specifications ± (% of reading + % of range)W'

Function Rangep] Frequency,
etc.

24 HourIz)
23WC± 1C

90 Dial23°C i: 5°C 1 Year
23°C ± 5°C

Temperature
Coellicient
0oc-18oc
28°C - 55°C

dc Voltage 100.0000 mV 0.0030 + 0.0030 0.0040 + 0.0035 0.0050 + 0.0035 0.0005 + 0.0005
1.000000 V 0.0020 + 0.0006 0.0030 + 0.0007 0.0040 + 0.0007 0.0005 + 0.0001
10.00000 V 0.0015. 0.0004 0.0020 + 0.0005 0.0035 + 0.0005 0.0005+ 0.0001
100.0000 V 0.0020 + 0.0006 0.0035 + 0.0006 0.0045 + 0,0006 0.0005 + 0.0001
1000.000V 0.0020 + 0.0006 0.0035 + 0.0010 0.0045 + 0.0010 0.0005 + 0.0001

True rms 100.0000 mV 3 Hz -5 Hz 1.00+ 0.03 1.00 + 0,04 1.00+ 0.04 0.100+ 0.004
ac Voltage 5 Hz - 10 Hz 0.35 + 0.03 0.35 + 0.04 0.35 + 0.04 0.035 + 0.004

10 Hz - 20 kHz 0.04 + 0.03 0.05 + 0.04 0.06 + 0.04 0.005 + 0.004
20 kHz- 50 kHz 0.10+ 0.05 0.11 + 0.05 0.12+0.04 0.011 + 0.005
50 kHz - 100 kHz 0.55 + 0.08 0.60 + 0.08 0.60 + 0.08 0.060 + 0.008
100 kHz- 300 kHz 4.00 + 0.50 4.00 + 0.50 4.00 + 0.50 0.20 + 0.02

1.000000 V 3 Hz-5 Hz 1.00+ 0.02 1.00+ 0.03 1.00+ 0.03 0.100+ 0.003
to 5 Hz - 10 Hz 0.35 + 0.02 0.35 + 0.03 0.35 + 0.03 0.035 + 0.003

750.000V 10 Hz - 20 kHz 0.04+ 0.02 0.05 + 0.03 0.06 + 0.03 0.005 + 0.003

20 kHz - 50 kHz 0.10 + 0.04 0.11 + 0.05 0.12 + 0.05 0.011 + 0.005
50kHz -100 kHz1 1  0.55 + 0.08 0.60 + 0.08 0.60 + 0.08 0.060 + 0.008
100 kHz- 300 kHz[61  4.00 +0.50 4.00 + 0.50 4.00 + 0.50 0.20+ 0.02

Resistance 7
1  i00.0000 a2 1 mA Current Source 0.0030 + 0.0030 0.008 + 0.004 0.010 + 0.004 0.0006 + 0.0005

1.000000 kWl 1 mA 0.0020 + 0.0005 0.008 + 0.001 0.010 + 0.001 0.0006 + 0.0001
10.00000 kWl 100 pA 0.0020+ 0.0005 0.008 + 0.001 0.010+ 0.001 0.0006 + 0.0001
100.0000 kl 10 pA 0.0020 + 0.0005 0.008 + 0.001 0.010 + 0.001 0.0006+ 0.0001

1.0=0 M.Q 5.0 pA 0.002 + 0.001 0.008 + 0.001 0.010 + 0.001 0.0010 + 0.0002
10.00000 M.Q 500 nA 0.015 + 0.001 0.020 + 0.001 0.040 + 0.001 0.0030 + 0.0004
100.0000 M.l 500 nA II101M. 0.300 + 0.010 0.800 + 0.010 0.800 + 0.010 0.1500 + 0.0002

dc Current 10.00000 mA <0.1 V Burden Voltage 0.005 + 0.010 0.030 + 0.020 0.050 + 0.020 0.002 + 0.0020
100.0000 mnA <0.6 V 0.0104 0.004 0.030 + 0.005 0.050 + 0.005 0.002+ 0.0005

1.000000A <1 V 0.050 + 0.006 0.080 + 0.010 0.100 + 0.010 0.005+ 0.0010
3.00000 A <2V 0.100+ 0.020 0.120 + 0.020 0.120 + 0.020 0.005+ 0.0020

True rms t,, 1.000000 A 3 Hz- 5 Hz 1.00+ 0.04 1.00+ 0.04 1.00+ 0.04 0.100+ 0.006
ac Current 5 Hz - 10 Hz 0.30 + 0.04 0.30 + 0.04 0.30 + 0.04 0.035 + 0.006

10 Hz - 5 kHz 0.10 +0.04 0.10. 0.04 0.10+0.04 0.015+ 0.006

3.00000A 3 Hz-5 Hz 1.10+0.06 1.10+0.06 1.10+ 0.06 0.100+ 0.006
5 Hz- 10 Hz 0.35 + 0.06 0.35 + 0.06 0.35 + 0.06 0.035 + 0.006
10 Hz- 5 kHz 0.15 + 0.06 0.15+ 0.06 0.15 + 0.06 0.015 + 0.006

Frequency 100 mV 3 Hz- 5 Hz 0.10 0.10 0.10 0.005
or Period.81  to 5 Hz- 10 Hz 0.05 0.05 0.05 0.005

750 V 10 Hz- 40 Hz 0.03 0.03 0.03 0.001

40 Hz - 300 kHz 0.006 0.01 0.01 0.001

Continuity 1000.0.Q 1 mA Test Current 0.002 + 0.010 0.008 + 0.020 0.010 + 0.020 0.001 + 0.002

Diode Test 1.0000V 1 mA Test Current 0.002 + 0.010 0.008 + 0.020 0.010 + 0.020 0.001 + 0.002

I1] Specifications are for 1 hr warm-up and 61/2 digits, Slow ac filter.
[(2 Relative to calibration standards.
[ 20% over range on all ranges except 1000 Vdc and 75OVac ranges.
141 For sinewave input >5% of range. For inputs from 1% to 5% of range

and < 50 kHz, add 0.1% of range additional error.

[5] 750V range limited to 100 kHz or 8 x10 7 Volt-Hz.
[61 Typically 30% of reading error at 1 MHz.
PIl Specifications are for 4- wire ohms function or 2-wire ohms using Math Null.

Without Math Null, add 0.2 Q additional error in 2-wire ohmsfunction.
[M Input >100 mV. For 10 mV inputs multiply % of reading error xl0.
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5.A.2. Uncertainty Due to Human Reaction Time

To understand the effect of human reaction time on stopwatch and
timer calibration uncertainties, a small study was conducted. Four
individuals were selected, and asked to calibrate a standard stopwatch
using the Direct Comparison Method. Two separate experiments were
conducted. In the first experiment, the operators were asked to use a
traceable audio thie signal, and in the second experiment, the operators
were asked to use a traceable time display. The time base of the
stopwatch was measured before and after each test (using the Time
Base Method), and its offset firom nonminal was found to be small
enough that it would not influence the test. Therefore. differences in
readings between the stopwatch being tested and the standard would
only be due to the operator's reaction time.

Each operator was asked to repeat the measurement process ten times.
and the resulting difference between the standard and the stopwatch
were recorded and plotted (Figure 14).

As shown in Figure 14, the average reaction time was usually less
than ±100 ms, with a worst-case reaction time exceeding 700 ins.

Human Reaction Time, Direct Comparison, Audio Method
Measured Reaction Time Deviation over 10 Runs

0.80

0.60

0.40

0-20
o A A

o 0.20 __ __ -I--l. iI t •4 
0...00. _ _......

0 - 0 ------- - -

-0.40

-060 --- ~ _____

-0 .80 . ....
0 1 2 3 4 5 6 7 8 9 10

Run Number

Figure 14. Reaction rhne measurements (four operators, ten rims each) for the
Direct Compailson Method.
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The mean and standard deviation for each operator was computed
and graphed in Figure 15. This graph indicates that the average (mean)
reaction time of the operator can be either negative (anticipating the
audible tone) or positive (reacting after the audible tone). Figure 15
also shows that in addition to the average reaction time having a bias,
the data is somewhat dispersed, so both elements of uncertainty will
need to be accounted for in a complete uncertainty budget. For this
experiment, the worst case mean reaction time was 120 ms and the
worst case standard deviation was 230 ins. It should be noted that in
the measurements recorded in Figure 15, Operators 1 and 2 had no
previous experience calibrating stopwatches. Based on these results.
it is reconunended that each calibration laboratory perform tests to
determine their operator reaction time uncertainty value.

Human Reaction Time, Direct Comparison, Audio Method
Mean Bias and Standard Deviation

0.20

0.10

C

E 0.00
0z
E -010

C
o -0.20

o -0.30

-n An
I ! I

0 1 2 3 4
Operator Number

Figure 15. Averaging meastmeinet results foirfoir differen roperators.

When a traceable time display was used, the uncertainty due to lunnan
reaction time was foutd to be approximately the same as the human
reaction time for an audible tone. Keep in mind that the data presented
here is presented to illustrate the nature of uncertainty due to human
reaction time and to provide a very rough estimate of its magnitude.
We strongly encourage each person perforning stopwatch and tinier
calibrations to perform repeatability and reproducibility experiments to
determine the uncertainty due to humnan reaction time for the specific
calibration method used by the laboratory.
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Table 8: Uncertainty Analysis for Direct Comparison Method
(Digital DUT) Using Land Line

Source of Method of Sensitivity Standard
Uncertainty Magnitude Evaluation Distribution Coefficient Uncertainty

Human reaction 120 Ins Type B Rectangular 1 69 ins
time bias

Human reaction 230 ms Type B Normal (k = 1) 1 230 ins
time standard
deviation

Telephone delay 30 ms Type B Rectangular 1 17 ms
deviation

½ DUT resolution 5 mis Type B Rectangular 1 2.9 nis

Combined uncertainty 240 ins

Expanded uncertainty 480 mis
(k = 2, representing approximately a 95 % level of confidence)

Table 9: Uncertainty Analysis for Direct Comparison Method
(Digital DUT) Using Cell Phone

Source of Method of Sensitivity Standard
Uncertainty Magnitude Evaluation Distribution Coefficient Uncertainty

Human reaction 120m.s Type B Rectangular 1 69 ms
time bias

Human reaction 230 ms Type B Normal (k = 1) 1 230 ins
time standard
deviation

Telephone delay 250 ms Type B Rectangular 1 144 ins
deviation

V DUT resolution 5 nis Type B Rectangular 1 2.9 ms

Combined uncertainty 280 mis

Expanded uncertainty 560 nis
(k = 2, representing approximately a 95 % level of confidence)
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Proyee Calc 357A-DC Rev 12 ETAP Pape 67

Locancn: Diablo Canyon Power Plnt 3N Da:e: 0S-29-2007

C oa=ac: Run 009-971 SN PACIFICG&E

Eagmeer: Design EnginemnCe Revitioz,: B-009-971
study:C ose C00CGs

Fiecame: DC'PP20070814 C oafio Z-AO-AO-009

Objective: Determine Mm 525KV Volts, V525Gnd-510KV

Conditions: Unit 1 Cold Shutdown Unit 2 LOCA

Bus Voltage Generation Load Load now XUMR

ID 1A, '\M 9 9  ALF V"'D Nn' MW M ID MW nv AinW ePF %,Tr

TEEIUAT4D -1413 -0928 245 1 83.6

st," Bus 23*0kV S0y 0 99 0048 15 9 90 3

IKVBtS IE 4160 96.435 -0" 0 0 0 C -XTNR 13E-PF 0093 M009 156• 64.3

X, RIR 12E-PRI 0410 0197 6f 4 90.1

.X.N. I11E-PRI 0209 013- 359 83.6

MIR. 14E-PRI 0326 0 194 546 S6.0

5.T\MR 15E-PRI 0416 0:24S 697 85.S

UATI2-TER -1 951 -1 077 320'7 87.6

Sr, BRu 500-V Swvý.d 0491 032-2 79 7 89.9

4KV BUS IF 4160 95709 -13 0 0 304 0195 XMR 1F-PPJ 0526 0 314 S89 85.9

1-CC 2?IM, . 0343 0 is- 566 $7.$

TEEI' AT 4F -1243 -066 O 36 s"3

4k%. BUS IG 4160 95.704 -13 0 0 0 :28 0106 .N7I r1G-PI 0C49 20 93 62' 85.1

1.-C WP, MT 0343 0 16" 566 87.8

TEE IUAT.•G -1112 -0585 1823 68.5

4KVBUS IH 4160 95.701 .13 0 0 0 oX5 1R IH-PRI 0 6-0 0410 1140 85.3

I -CC IM3 MT 00,0 D000 00 100.0

BD 1AT 4H -06-0 .0410 1140 85.3

4KV BUS 2D 4160 93,361 -3 5 0 0 -0 0D2 -0301 5NMP.2R 23D-PRI 0856 03179 1301 97.9

27\MR 22D-FRI 0631 0-46 It-5 791

W 2 1D.PTI 062 o 532 121 6 7.8$

WXNIMR 'n.pif - 0146 O ItýA i91 'R I

41.V BUS 2E

4KV BUS 2F

4KV BUS 2G

4160 95306 .1'

4.1A60 93.313 -3 5

4,160 93.291 .3 5

.XFMIR 25D-PJ

TEE 2t.7AT 4D

3 0 2 110 0957 %.\R 25E-PP.I

XFR24E-PRI

.XT\R 21E-PRI

\FNIR 22E-PP1

XTNIR 23E.PRI

UAT22-TER

0 C. 1714 08360 %F\IR2F-pRI

2-CC W?1 %I,

TEE 2t7AT 4F

0 0 W92 0983 2MIR2G-pB2

2-CC2 M77:NT

TEE 2t.AT 4G

0453 0331

-2966 -1 713

0591 03459

018s 0119

D285 0199

0 456 034-

0529 3 159

-4167 -2 362

0636 0564

0 343 0 31S

-2663 -1 560

0 01 03538

0343 0 I36

-2 803 -1 608

834 80.7

509 1 86.6

1097 '9.3

32 4 84.5

506 82.3

9f 4 70.0

804 95.8

6975 s".0

123 1 '3.2

58 1 8".8

4590 83.3

1101 6.'7

58 1 $V.$

4•07 86.7

4KV BUS 2H 4 160 93.27" -3 5 0 0 1501 0.692 *aNR 2H-PRI 0 776 0580 144 1 60.1

29-C7 X 4160VT 0343 31.• 586 s7.4

F93.277% X 4160VAC = 3880VAýC BD 2UtAT 4H -2623 -1 459 446.1 VA.
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NUCLEAR POWER GENERATION
CF3.ID4

ATTACHMENT 7.5

TITLE: Units 1&2 Load Flow. Short Circuit, and Motor Starting

Calc No. 357A-DC Rev. 12 Unit: 1&2

approach to ensure adequate voltage when backfeeding from the 500 kV grid is to check
4 kV and 480 Volt bus voltages if the grid drops below 514.5 kV (98 percent) or goes
above 535.5 kV (102 percent) (Ref. 12.2.12). The 4 kV vital buses should be maintained
above 3.866 Volts (92.93 percent, SLUR trip avoidance limit, Ref. 12.1.2f) and 480 Volt
motor control centers should be below 506 Volts to ensure 460 Volt loads are not
subjected to overvoltage during lightly loaded conditions. Motor control center voltages
above 511 Volts will result in overvoltage on control power transformer 120 Vac circuits.

Steady state voltages throughout the distribution system via the StartUp source are
acceptable for 230 kV grid voltage range of 207-241.5 kV. The evaluation of transient
effects associated unit trip and bus transfer schemes is addressed in Reference 12.2.1.

A 4 kV bus should not be aligned to the Startup source with the corresponding LTC in
automatic at the elevated setpoint. except for as allowed in Reference 12.2.10.

The StartUp Buses shall not be paralleled while supplying any Reactor Coolant Ptumps
due to the potential loss of adequate containment penetration protection.

Any motor can be started via the Aux offsite source without initiating a SLUR under
voltage diesel generator start. Starting a 12 kV motor via the StartUp source may cause
the diesels associated with that Unit to start. Diesel starting can be precluded by placing
the associated LTC in manual and adjusting the StartUp Bus voltage to 12.48 kV (i.e.
104 percent) prior to starting the motor. This starting configuration relies on the insertion
of one 230 kV capacitor bank.

Condensate Train 11 was satisfactorily started via the StartUp source with the LTC in
manual. Condensate Train 11 is fed from the same StartUp transformer winding that
feeds the vital buses. Therefore. any one of the condensate trains could be started. The
SLUR protective fimction reset before the diesel generators started. The simulated
loading for the Condensate Pump was 1112 bhp (i.e. 89 percent of the motor rating.
normal operating load). The Booster Pump was loaded at 2580 bhp (i.e. 86 percent of the
motor rating. normal operating load). This represents a combined starting load of
3692 hp. wvhich exceeds the combined load of 1430 hp that could be sequenced on
automatically while the plant is in Modes 5 or 6 (i.e. 2 ASW pumps @465 hp plus 5 CFC
Units @100 hp, Ref. 12.1.1c. Table 4.3-1). Therefore, during plant Modes 5&6 and all
buses aligned to StartUp (i.e. no potential automatic bus transfers), it is acceptable to
have the LTC in manual provided the selected tap yields nominal StartUp Bus voltage.

11.0 IMPACT EVALUATION

Attachment 7.8 of procedure CF3.ID4 was used for guidance in performing the following
impact evaluation.
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FLUR Pickup Ratio Based on Historical Data

SUMMARY

The dropout setpoint is adjustable for the 27H*T1A, B, C, 27H*T2, 27H*B3 and 27H*B4 relays. For the
27H*B2 relays the dropout point is a function of the setpoint. Hence the dropout point for the 27H*B2
relays will be determined using the concept of a dropout ratio. The dropout ratio will be determined using
historical calibration data and the analysis described below. The average and lowest undervoltage dropout
ratio are summarized below at 95% confidence limit:

Lower Limit of Dropout RatioDevice Average Dropout Ratio ( - 1.645 X cy)

1/2-27H*B2 - 27P 0.98127 0.97670

1/2-27H*B2 - 127P 0.98066 0.97653

1/2-27H*B2 - 27X 0.98104 0.97527
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Device 27P Device 27P

Device Test Date RLOC Dropout (VAC) Pickup (VAC) Dropout Ratio

As Found As-Left As Found As-Left As-Found As-Left

1-27HFB2 10/8/2000 07776-5672-5712 N.A.* 76.21 N.A.* 76.84 0.991801
1-27HFB2 6/19/2001 07913-3476-3509 76.59 76.18 77.5 77.73 0.988258 0.980059
1-27HFB2 5/3/2002 08054-3891-3926 76.16 76.16 77.75 77.75 0.97955 0.97955
1-27HFB2 12/2/2003 51000-3609 76.15 76.15 77.62 77.62 0.981062 0.981062
1-27HFB2 8/10/2004 51001-5789 76.2 76.2 77.5 77.5 0.983226 0.983226
1-27HFB2 8/9/2005 51002-7688 76.1 76.1 77.75 77.75 0.978778 0.978778
1-27HFB2 9/6/2006 51004-7319 76.11 76.11 77.63 77.63 0.98042 0.98042
1-27HFB2 5/13/2007 51004-8749 76.3 76.3 77.68 77.68 0.982235 0.982235
2-27HFB2 4/18/2001 07891-4274-4315 76.35 76.35 77.6 77.6 0.983892 0.983892
2-27HFB2 4/18/2001 07879-1731-1770 76.35 76.35 77.6 77.6 0.983892 0.983892
2-27HFB2 2/26/2002 08032-1194-1232 76.25 76.25 77.71 77.71 0.981212 0.981212
2-27HFB2 2/14/2003 50000-0930 76.23 76.23 77.7 77.7 0.981081 0.981081
2-27HFB2 7/14/2004 51001-4626 76.17 76.17 77.72 77.72 0.980057 0.980057
2-27HFB2 3/22/2005 51002-4097 76.21 76.21 77.67 77.67 0.981203 0.981203
2-27HFB2 2/23/2006 51003-5697 76.2 76.2 77.66 77.66 0.9812 0.9812
2-27HFB2 2/21/2007 51004-5691 76.1 76.1 77.71 77.71 0.979282 0.979282
2-27HFB2 2/20/2008 51006-0503 76.16 76.16 77.66 77.66 0.980685 0.980685
1-27HGB2 10/8/2000 07777-1871-1912 N.A* 76.43 N.A* 76.76 0.995701
1-27HGB2 10/23/2000 51000-3610 76.25 76.25 77.71 77.71 0.981212 0.981212
1-27HGB2 7/10/2001 07921-3913-3947 ? 76.28 ? 77.75 0.981093
1-27HGB2 5/7/2002 08054-3927-3964 76.26 76.26 77.76 77.76 0.98071 0.98071
1-27HGB2 10/23/2003 76.25 76.25 77.71 77.71 0.981212 0.981212
1-27HGB2 4/17/2004 51001-2307 76.1 76.1 77.9 77.9 0.976893 0.976893
1-27HGB2 8/17/2005 51002-7687 76.1 76.1 77.717 77.717 0.979194 0.979194
1-27HGB2 8/30/2006 51004-7316 76.23 76.23 77.69 77.69 0.981207 0.981207
2-27HGB2 4/18/2001 07891-4274-4315 76.14 76.2 77.67 77.69 0.980301 0.980821
2-27HGB2 4/18/2001 07891-4316-4356 76.14 76.2 77.67 77.69 0.980301 0.980821
2-27HGB2 3/19/2002 08039-3291-3330 76.14 76.14 77.68 77.68 0.980175 0.980175
2-27HGB2 12/9/2002 08164-1654-1690 76.19 76.19 77.7 77.7 0.980566 0.980566
2-27HGB2 9/29/2003 51000-2933 76.16 76.16 77.62 77.62 0.98119 0.98119
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Device 27P Device 27P

Device Test Date RLOC Dropout (VAC) Pickup (VAC) Dropout Ratio

As Found As-Left As Found As-Left As-Found As-Left

2-27HGB2 11/18/2004 51001-9565 76.05 76.05 77.66 77.66 0.979269 0.979269
2-27HGB2 3/16/2006 51003-8344 76.16 76.16 77.66 77.66 0.980685 0.980685
2-27HGB2 2/14/2007 51004-6457 76.14 76.14 77.65 77.65 0.980554 0.980554

2-27HGB2 11/7/2007 51005-4535 76.17 76.17 77.63 77.63 0.981193 0.981193
1-27HHB2 10/8/2000 07776-5672-5712 N.A.* 76.51 N.A.* 77.72 0.984431
1-27HHB2 7/31/2001 07955-3350-3384 76.2 76.2 77.29 77.71 0.985897 0.980569
1-27HHB2 5/11/2002 08063-0380-3964 76.27 76.22 77.73 77.73 0.981217 0.980574
1-27HHB2 11/18/2003 51000-3367 76.03 76.03 77.74 77.74 0.978004 0.978004
1-27HHB2 8/23/2004 51001-4291 76.27 76.27 77.75 77.75 0.980965 0.980965
1-27HHB2 11/13/2005 51003-2881 75.86 75.86 77.7 77.7 0.976319 0.976319
1-27HHB2 3/7/2007 51004-6458 76.29 76.29 77.77 77.77 0.98097 0.98097
1-27HHB2 12/12/2007 51005-6658 76.25 76.25 77.72 77.72 0.981086 0.981086
2-27HHB2 4/18/2001 07891-4274-4315 76.16 76.27 77.66 77.62 0.980685 0.982608
2-27HHB2 4/18/2001 07891-4274-4315 76.16 76.27 77.66 77.62 0.980685 0.982608
2-27HHB2 3/12/2002 08039-2154-2192 76.19 76.22 77.75 77.73 0.979936 0.980574
2-27HHB2 11/16/2002 08179-0328-0365 76.19 76.19 77 77 0.989481 0.989481
2-27HHB2 10/20/2003 51000-3368 76.2 76.2 77.7 77.7 0.980695 0.980695
2-27HHB2 3/8/2005 51002-3638 76.2 76.2 77.64 77.64 0.981453 0.981453
2-27HHB2 5/8/2005 51003-8587 76.12 76.12 77.63 77.63 0.980549 0.980549
2-27HHB2 1/10/2007 51004-6057 76.17 76.17 77.67 77.67 0.980688 0.980688
2-27HHB2 3/5/2008 51006-1369 76.16 76.16 77.66 77.66 0.980685 0.980685
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Device 127P Device 127P
Dropout (VAC) Pickup (VAC) Dropout Ratio

Device Test Date RLOC

As Found As-Left As Found As-Left As-Found As-Left

1-27HFB2 10/8/2000 07776-5672-5712 N.A.* 30.59 N.A.* 31.12 0.982969
1-27HFB2 6/19/2001 07913-3476-3509 30.5 30.5 31.11 31.15 0.980392 0.979133
1-27HFB2 5/3/2002 08054-3891-3926 30.54 30.54 31.1 31.1 0.981994 0.981994
1-27HFB2 12/2/2003 51000-3609 30.51 30.51 31.1 31.1 0.981029 0.981029
1-27HFB2 8/10/2004 51001-5789 30.6 30.6 31.1 31.1 0.983923 0.983923
1-27HFB2 8/9/2005 51002-7688 30.5 30.5 31.154 31.154 0.979008 0.979008
1-27HFB2 9/6/2006 51004-7319 30.52 30.52 31.07 31.07 0.982298 0.982298-
1-27HFB2 5/13/2007 51004-8749 30.52 30.52 31.1 31.1 0.98135 0.98135
2-27HFB2 4/18/2001 07891-4274-4315 30.53 30.53 31.12 31.12 0.981041 0.981041
2-27HFB2 4/18/2001 07879-1731-1770 30.53 30.53 31.12 31.12 0.981041 0.981041
2-27HFB2 2/26/2002 08032-1194-1232 30.54 30.54 31.16 31.16 0.980103 0.980103
2-27HFB2 2/14/2003 50000-0930 30.58 30.58 31.13 31.13 0.982332 0.982332
2-27HFB2 7/14/2004 51001-4626 30.42 30.42 31.19 31.19 0.975313 0.975313
2-27HFB2 3/22/2005 51002-4097 30.57 30.57 31.15 31.15 0.98138 0.98138
2-27HFB2 2/23/2006 51003-5697 30.56 30.56 31.14 31.14 0.981374 0.981374
2-27HFB2 2/21/2007 51004-5691 30.53 30.53 31.08 31.08 0.982304 0.982304
2-27HFB2 2/20/2008 51006-0503 30.55 30.55 31.13 31.13 0.981368 0.981368
1-27HGB2 10/8/2000 07777-1871-1912 N.A* 30.63 N.A* 31.18 0.98236
1-27HGB2 10/23/2000 51000-3610 30.57 30.57 31.15 31.15 0.98138 0.98138
1-27HGB2 7/10/2001 07921-3913-3947 ? 30.6 ? 31.16 0.982028
1-27HGB2 5/7/2002 08054-3927-3964 30.6 30.6 31.18 31.18 0.981398 0.981398
1-27HGB2 10/23/2003 30.57 30.57 31.15 31.15 0.98138 0.98138
1-27HGB2 4/17/2004 51001-2307 30.5 30.5 31.27 31.27 0.975376 0.975376
1-27HGB2 8/17/2005 51002-7687 30.543 30.543 31.203 31.203 0.978848 0.978848
1-27HGB2 8/30/2006 51004-7316 30.57 30.57 31.13 31.13 0.982011 0.982011
2-27HGB2 4/18/2001 07891-4274-4315 30.57 30.62 31.19 31.21 0.980122 0.981096
2-27HGB2 4/18/2001 07891-4316-4356 30.57 30.62 31.19 31.21 0.980122 0.981096
2-27HGB2 3/19/2002 08039-3291-3330 30.5 30.5 31.12 31.12 0.980077 0.980077
2-27HGB2 12/9/2002 08164-1654-1690 30.49 30.49 31.15 31.15 0.978812 0.978812
2-27HGB2 9/29/2003 51000-2933 30.52 30.52 31.1 31.1 0.98135 0.98135
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Device 127P Device 127P
Dropout (VAC) Pickup (VAC) Dropout RatioDevice Test Date RLOC

As Found As-Left As Found As-Left As-Found As-Left

2-27HGB2 11/18/2004 51001-9565 30.5 30.5 31 31 0.983871 0.983871
2-27HGB2 3/16/2006 51003-8344 30.53 30.53 31.12 31.12 0.981041 0.981041
2-27HGB2 2/14/2007 51004-6457 30.53 30.53 31.09 31.09 0.981988 0.981988
2-27HGB2 11/7/2007 51005-4535 30.55 30.55 31.1 31.1 0.982315 0.982315
1-27HHB2 10/8/2000 07776-5672-5712 N.A.* 30.59 N.A.* 31.06 0.984868
1-27HHB2 7/31/2001 07955-3350-3384 30.55 30.52 31.14 31.18 0.981053 0.978833
1-27HHB2 5/11/2002 08063-0380-3964 30.57 30.57 31.16 31.15 0.981065 0.98138
1-27HHB2 11/18/2003 51000-3367 30.59 30.59 31.18 31.18 0.981078 0.981078
1-27HHB2 8/23/2004 51001-4291 30.56 30.56 31.13 31.13 0.98169 0.98169
1-27HHB2 11/13/2005 51003-2881 30.38 30.38 31.23 31.23 0.972783 0.972783
1-27HHB2 3/7/2007 51004-6458 30.61 30.61 31.16 31.16 0.982349 0.982349
1-27HHB2 12/12/2007 51005-6658 30.6 30.6 31.14 31.14 0.982659 0.982659
2-27HHB2 4/18/2001 07891-4274-4315 30.49 30.53 31.15 31.15 0.978812 0.980096
2-27HHB2 4/18/2001 07891-4274-4315 30.49 30.53 31.15 31.15 0.978812 0.980096
2-27HHB2 3/12/2002 08039-2154-2192 30.57 30.56 31.17 31.17 0.980751 0.98043
2-27HHB2 11/16/2002 08179-0328-0365 30.53 30.53 31.15 31.15 0.980096 0.980096
2-27HHB2 10/20/2003 51000-3368 30.53 30.53 31.14 31.14 0.980411 0.980411
2-27HHB2 3/8/2005 51002-3638 30.59 30.59 31.1 31.1 0.983601 0.983601
2-27HHB2 5/8/2005 51003-8587 30.37 30.37 31.28 31.28 0.970908 0.970908
2-27HHB2 1/10/2007 51004-6057 30.56 30.56 31.12 31.12 0.982005 0.982005
2-27HHB2 3/5/2008 51006-1369 30.55 30.55 31.13 31.13 0.981368 0.981368
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Device 27X Device 27X

Device Test Date RLOC Dropout (VAC) Pickup (VAC) Dropout Ratio

As Found As-Left As Found As-Left As-Found As-Left

1-27HFB2 10/8/2000 07776-5672-5712 N.A.* 23.520 N.A.* 23.710 0.991987
1-27HFB2 6/19/2001 07913-3476-3509 23.4 23.35 23.64 23.86 0.989848 0.978625
1-27HFB2 5/3/2002 08054-3891-3926 23.37 23.37 23.82 23.82 0.981108 0.981108
1-27HFB2 12/2/2003 51000-3609 23.37 23.37 23.77 23.77 0.983172 0.983172
1-27HFB2 8/10/2004 51001-5789 23.4 23.4 23.8 23.8 0.983193 0.983193
1-27HFB2 8/9/2005 51002-7688 23.34 23.34 23.89 23.89 0.976978 0.976978
1-27HFB2 9/6/2006 51004-7319 23.38 23.38 23.82 23.82 0.981528 0.981528
1-27HFB2 5/13/2007 51004-8749 23.5 23.5 23.82 23.82 0.986566 0.986566
2-27HFB2 4/18/2001 07891-4274-4315 23.31 23.31 23.86 23.86 0.976949 0.976949
2-27HFB2 4/18/2001 07879-1731-1770 23.31 23.31 23.86 23.86 0.976949 0.976949
2-27HFB2 2/26/2002 08032-1194-1232 23.39 23.39 23.87 23.87 0.979891 0.979891
2-27HFB2 2/14/2003 50000-0930 23.4 23.4 23.85 23.85 0.981132 0.981132
2-27HFB2 7/14/2004 51001-4626 23.33 23.33 23.82 23.82 0.979429 0.979429
2-27HFB2 3/22/2005 51002-4097 23.4 23.4 23.86 23.86 0.980721 0.980721
2-27HFB2 2/23/2006 51003-5697 23.37 23.37 23.78 23.78 0.982759 0.982759
2-27HFB2 2/21/2007 51004-5691 23.42 23.42 23.86 23.86 0.981559 0.981559
2-27HFB2 2/20/2008 51006-0503 23.36 23.36 23.82 23.82 0.980688 0.980688
1-27HGB2 10/8/2000 07777-1871-1912 N.A* 23.49 N.A* 23.82 0.986146
1-27HGB2 10/23/2000 51000-3610 23.38 23.38 23.78 23.78 0.983179 0.983179
1-27HGB2 7/10/2001 07921-3913-3947 ? 23.36 ? 23.8 0.981513
1-27HGB2 5/7/2002 08054-3927-3964 23.35 23.35 23.8 23.8 0.981092 0.981092
1-27HGB2 10/23/2003 23.38 23.38 23.78 23.78 0.983179 0.983179
1-27HGB2 4/17/2004 51001-2307 23.28 23.28 23.87 23.87 0.975283 0.975283
1-27HGB2 8/17/2005 51002-7687 23.316 23.316 23.904 23.904 0.975402 0.975402
1-27HGB2 8/30/2006 51004-7316 23.38, 23.38 23.81 23.81 0.98194 0.98194
2-27HGB2 4/18/2001 07891-4274-4315 - 23.31 23.300 23.78 23.750 0.980235 0.981053
2-27HGB2 4/18/2001 07891-4316-4356 23.31 23.300 23.78 23.750 0.980235 0.981053
2-27HGB2 3/19/2002 08039-3291-3330 23.31 23.31 23.82 23.82 0.978589 0.978589
2-27HGB2 12/9/2002 08164-1654-1690 23.34 23.34 23.82 23.82 0.979849 0.979849
2-27HGB2 9/29/2003 51000-2933 23.36 23.36 23.8 23.8 0.981513 0.981513
2-27HGB2 11/18/2004 51001-9565 23.36 23.36 23.8 23.8 0.981513 0.981513
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Device 27X Device 27X
Dropout (VAC) Pickup (VAC) Dropout RatioDevice Test Date RLOC

As Found As-Left As Found As-Left As-Found As-Left

2-27HGB2 3/16/2006 51003-8344 23.34 23.34 23.79 23.79 0.981084 0.981084
2-27HGB2 2/14/2007 51004-6457 23.34 23.34 23.63 23.63 0.987727 0.987727
2-27HGB2 11/7/2007 51005-4535 23.37 23.37 23.79 23.79 0.982346 0.982346
1-27HHB2 10/8/2000 07776-5672-5712 N.A.* 23.350 N.A.* 23.810 0.98068
1-27HHB2 7/31/2001 07955-3350-3384 23.37 23.37 23.84 23.81 0.980285 0.98152
1-27HHB2 5/11/2002 08063-0380-3964 23.38 23.38 23.83 23.83 0.981116 0.981116
1-27HHB2 11/18/2003 51000-3367 23.34 23.34 23.71 23.71 0.984395 0.984395
1-27HHB2 8/23/2004 51001-4291 23.42 23.42 23.82 23.82 0.983207 0.983207
1-27HHB2 11/13/2005 51003-2881 23.08 23.08 23.86 23.86 0.967309 0.967309
1-27HHB2 3/7/2007 51004-6458 23.41 23.41 23.83 23.83 0.982375 0.982375
1-27HHB2 12/12/2007 51005-6658 23.39 23.39 23.8 23.8 0.982773 0.982773
2-27HHB2 4/18/2001 07891-4274-4315 23.3 23.34 23.89 23.81 0.975303 0.98026
2-27HHB2 4/18/2001 07891-4274-4315 23.3 23.34 23.89 23.81 0.975303 0.98026
2-27HHB2 3/12/2002 08039-2154-2192 23.37 23.37 23.83 23.86 0.980697 0.979464
2-27HHB2 11/16/2002 08179-0328-0365 23.37 23.37 23.82 23.82 0.981108 0.981108
2-27HHB2 10/20/2003 51000-3368 23.34 23.34 23.77 23.77 0.98191 0.98191
2-27HHB2 3/8/2005 51002-3638 23.41 23.41 23.81 23.81 0.9832 0.9832
2-27HHB2 5/8/2005 51003-8587 23.36 23.36 23.8 23.8 0.981513 0.981513
2-27HHB2 1/10/2007 51004-6057 23.42 23.42 23.83 23.83 0.982795 0.982795
2-27HHB2 3/5/2008 51006-1369 23.36 23.36 23.8 23.8 0.981513 0.981513
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B2 FLUR Dropout Ratio" Statistics
B2 Device: 27P 127P 27X

Average: 0.98127 0.98066 0.98104
Standard Deviation: 0.00278 0.00251 0.00350

Max: 0.99570 0.98487 0.99199
Min: 0.97632 0.97091 0.96731

1.645 X a Low: 0.97670 0.97653 0.97527
1.645 X a High: 0.98584 0.98480 0.98680

Setpoints and Reset Voltage for Diesel Start Bus Voltage (VAC)

(B2-27P) Setpoint for Diesel Start in 4.7 Sec: 2667
Average Rest for Diesel Start in 4.7 Sec: 2718

Maximum Setpoint for Diesel Start in 4.7 Sec: 2715
Maximum Reset Voltage for Diesel Start in 4.7 Sec: 2780

(B2-127P) Setpoint for Diesel Start in 1.9 Sec: 1070
Average Rest for Diesel Start in 1.9 Sec: 1091

Maximum Setpoint for Diesel Start in 1.9 Sec: 1091
Maximum Reset Voltage for Diesel Start in 1.9 Sec: 1117

(B2-27X) Setpoint for Diesel Start in 0.65 Sec: 818
Average Rest for Diesel Start in 0.65 Sec: 834

Maximum Setpoint for Diesel Start in 0.65 Sec: 837
Maximum Reset Voltage for Diesel Start in 0.65 Sec: 858
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Montoya, Ariel

From: Glenn Gidfab [qWm.goidfivb@ubb.corn]

Sent Monday. Fbruaty 28. 20 112-07 PM

To: Montoya. Ans
Subject 27N

knpmtanc.: High

Hi Ari.

The 70V tap was acsbale frow 81 to 74V.

The 8W tap was ata~st~ale ftI 0 to 85V.

The 120V tap was a4ustabl. to 128v max.

Thans and 8est Regds.
Glenn Goldfwb
Sr. Customer Serice Engineer
pIr 954-825-0619
cat: 386-048-7339
fa: 954-345-5329
fnahom:lemo~okdtarbius-atb.coom

A13R .e-stion Gud Link-

ABB Websile: htftJlwvw.abb.com/substatonauttmabon

FT-I S•iitch •ornfiguation h-ilft~ouih rrd

3W9/2011
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LBIE Screen -Applicability Determination

1, Proposed Activity/Implementing Document No: Unit: Imp Doc Rev No:
Calculation 357S-bC (SAP 9*41128) El I]2 [K1&2 1

Briefly describe what is being changed and why:
Notification 50301167 identified a degraded condition with the vital 4.16 kV bus under-voltage protective relays and timers
These relays are also known as the FLURs and SLURs. As a result the protective relaying scheme is being modified with
new relay hardware and setpoints for both Unit 1 and 2 to implement better under-voltage protection. The change requires
the development of a new setpoint and uncertainty calculation to supersede the existing 4.16 kV bus under-voltage
protective relay calculation 357R-DC. The changes are defined as follows:
1. Supersede calculation 357R-DC which establishes setpoint bases and allowable values for the existing 4.16kV bus

under-voltage protective relaying.
2. Create a new calculation 357S-DC which establishes new setpoint bases and allowable values for the new 4.16kV

bus under-voltage protective relaying design as follows:
a. Replace first level undervoltage load shed relay 27HxT1 with three relays each with a voltage and time delay

setpoint.
b. Replace first level undervoltage instantaneous load shed relay 27HxT2 with a new more accurate relay and

new undervoltage setpoint.
c. Replace second level undervoltage voltage sensing relays 27HxB3 and 27HxB4 with new more accurate

relays and new undervoltage setpoints.
d. Replace second level undervoltage time delay relays 62Hx3A and 62Hx3B with new more accurate relays

and new time delay setpoints.
3. Establish new tech spec limits for 27HxT1A, B & C relays and 27HxT2 relays.
4. Administrative change: Bring all existing information and calculations related to the bus transfer and diesel start relay

27HxB2 from superseded calculation (357R-DC) to the new calculation (357S-DC).
Revision 1 of this calculation has been performed to correct a TYPO on page 16 of this calculation. Specifically
the summary of set points for the TIA relays listed the nominal time delay set point as 7 seconds as opposed to
the required 8.

2. Applicability Determination (refer to TS3.1D2, Appendix 7.1 Section 2 for instructions) Ref. TS3.1D2

Does the proposed activity involve: Appendix 7.1

2.a A change to the Facility/ISFSI Operating License (OL), Environmental Protection M Y El N Block 2.a
Plan (EPP) or Technical Specifications (TS)?

2.b A change to the Quality Assurance Program? El Y 0 N Block 2.b

2.c A change to the Security Plan? L1 Y 0 N Block 2.c

2.d A change to the Emergency Plan? 0] Y 0 N Block 2.d

2.e A change to the Inservice Testing (IST) Program Plan? F-I Y 0 N Block 2.e

2.f A change to the Inservice Inspection (ISI) Program Plan? El Y Z N Block 2.f

2.g A change to the Fire Protection Program? EL Y Z N Block 2.g

2.h A noncompliance with the Environmental Protection Plan or may create a situation El Y [9 N Block 2.h
adverse to the environment?

2.i A change to the FSARU (including documents incorporated by reference) excluded EL Y Z N Block 2.i
from the requirement to perform a 50.59/72.48 review?

2.j Maintenance that restores SSCs to their original or newly approved designed EL Y Z N Block 2.j
condition? (Check "No" if activity is related to ISFSI.)

2.k A temporary alteration supporting maintenance that will be in effect during at-power E] Y M N Block 2.k
operations for 90 days or less? (Check "No" if activity is related to ISFSI.)

2.1 Managerial or administrative procedure/process controlled under 10 CFR 50, App. B? 0 Y El N Block 2.1

2.m Regulatory commitment not covered by another regulatory based change process? LI Y X N / Block 2.m

PG&E Diablo Canyon
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2.n An impact to other plant specific programs (e.g., the ODCM) that are controlled by El Y Z N Block 2.n
Iregulations, the OL, or TS?I I ý I

3. Applicability Determination Conclusions (refer to TS3.1D2, Appendix 7.1 Section 3 for instructions):

Z A 10 CFR 50.59 or 72.48 screen is NOT required because ALL aspects of the activity are controlled by one or more
of the processes listed above, or have been approved by the NRC, or covered in full in another LBIE review.

[- A 10 CFR 50.59 or 72.48 screen will be completed because some or all the aspects of the activity are not
controlled by any of the processes listed above or cannot be exempted from the 10 CFR 50.59/72.48 screen.

4. Does the proposed activity involve a change to the plant where the change requires a safety assessment? E Y 0 N
(refer to TS3.1D2, Appendix 7.1 Section 4 for instructions)

PG&E Diablo Canyon
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5. Remarks: (Use this section to provide sufficient justification(s) per TS3.102, step 5.1.3 for determinations in step 2 and
conclusion in step 3.)

Block 2 Section 2.A: Changes To The Facility License

This calculation establishes setpoints, allowable values and tech spec bases for the 4.16kV
undervoltage protection relays. As a result of the new design, the tech specs associated with
the 27HxTl relays and the 27HxT2 relays will change. This requires a license amendment.
Regulatory services has been contacted. A license amendment request is being processed and
tracked per notification 50301167 Task 13.

Block 2 Section 2.B: Screen For Changes To The Quality Assurance Program.

This calculation is performed to analyze protective device setting and does not have any
impact to the quality assurance program as described in Chapter 17 of the FSARU. Therefore
this question may be answered no.

Block 2 Section 2.C Security Plan Screen

This change does not impact the security plan or any item listed in Appendix 7.5 of TS3.ID2,
therefore, this screen question may be answered no.

Block 2 Section 2.D Emergency Plan Screen

This calculation will not impact the manner in which PG&E, government agencies and other
organizations respond to an emergency at DCPP as described in Appendix 7.4 of TS3.ID2.
Therefore, this screen question may be answered no.

Block 2 Section 2.E Inservice Testing (IST) Program Plan

This calculation will not impact the manner in which PG&E performs its inservice testing
program at DCPP. Therefore, this screen question may be answered no.

Block 2 Section 2.F Inservice Inspection (ISI) Program Plan

This calculation will not impact the manner in which PG&E performs its inservice inspection
program at DCPP. Therefore, this screen question may be answered no.

Block 2 Section 2.G Fire Protection Program Screen

Evaluation of the 4.16kV undervoltage protective devices does not impact the ability of the
plant to achieve and maintain safe shutdown in the event of a fire. There is no impact to
any elements of the fire protection program, procedures or equipment as described in Chapter
9, Appendix 9.5 of the FSARU. Therefore, this screen question may be answered no.

Block 2 Section 2.H Environmental Protection Screen

This setpoint change calculation will have no impact on any of the items listed in Appendix
7.3 of TS3.ID2, therefore, this screen question may be answered no.

Block 2 Section 2.1 FSARU Change

Chapter 8.3 of the FSARU will require revision as a result of this change. The revision is
being prepared and tracked along with the License Amendment request.

Block 2 section 2.j screen for maintenance activities (not applicable to sscs controlled by
the ISFSI license)

This is not a maintenance activity. This calculation provides optimal protective device
settings. Therefore this screen question is answered no.

Block 2 Section 2.K Temporary Alteration

This calculation is not a temporary alteration that supports maintenance that will be in
effect during at-power operations for 90 days or less, nor is it related to ISFSI. Therefore,
this question may be answered no.

Block 2 Section 2.L Managerial / Administrative Changes Controlled Under 10-CFR-50 Appendix B

The incorporation of setpoint calculation information for the 27HxB2 relays described in
Block I are controlled under 10-CFR-50 Appendix B. Therefore, this screen question is
answered Yes.

Block 2 Section 2.M Screen For Regulatory Commitments Not Covered By Another Requlatory Based

PG&E Diablo Canyon
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Change Process

A review of the procedure commitment data base (PCD) has determined that the scope of this
calculation will not impact any regulatory commitments not covered by another regulatory
based change process. Therefore, this screen question may be answered no.

Block 2 Section 2.N Screen For Other Programs, (Not Covered Above).

Evaluation of the 4.16kV undervoltage protective devices does not impact any other plant
specific programs which are controlled by regulations, the operating license or the technical
specifications. This screen question is therefore answered no.

Block 4 Screen For The Necessity Of A Safety Assessment

Per review of Appendix 7.6 this change does not involve a special test, abnormal plant
configuration or mode of operation that could have a significant or adverse impact on nuclear
safety. This change to undervoltage protective device settings provides desired protective
function to protect equipment should an abnormal condition occur and is in compliance with
engineering and industry standards. There is no potential to cause a major transient or
increase the probability of a plant trip. This change requires a license amendment request.
Hence, a LBIE is not required. Therefore, this screen question may be answered no.

Preparer Signature: (Qual: TLBIEAD or TLBIE) Date: Print Last Name:
"•// • •=•.,.•.6/22/11 Montoya

Reviewer Signature: (Qual: TLBIEAD or TLBIE) Date: Print Last Name:
4 ¢ )\~ 6/23/11 Moarefy

PG&E Acceptance Signature: (Oual: TLB]1AD or TLBIE) Date: Print Last Name:
(N/A if performed or reviewed by PG&E)

Refer to TS3.1D2, Section 6, for instructions on handling completed forms.

PG&E Diablo Canyon


