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010 

TITLE TMI-1 AC Voltage Regulation Study 

REV SUMMARY OF CHANGE APPROVAL } DATE
.1 1 .-.- I
I Incorporated loading changes resulting from revision of Calculation 

C-1101-741-E510-005.  

Revised Degraded Voltage Relay uncertainty calculations to reflect 
replacement of relays with units equipped with harmonic filters.  
Revised voltage calculations to reflect new uncertainties.  

Revised Cases 4A and 4B to evaluate short term post LOCA 
scenario.  

Redefined Cases 8A and 8B to evaluate long term post LOCA 
scenario.  

Revised acceptance criteria for the Battery Chargers.  

Provided new Cases 4AC13 and 4BC13 to evaluate proposed 
modifications for Cycle 13.  

Provided new Case 4BEQ to evaluate effect of accident ambient 
temperatures on cable voltage drop.  

Provided new Case 4BNS to evaluate effect of running one NS pump 
with no other pumps running.  

Provided additional justifications in Section 7.3 for motors which 
experience low voltage.  

Provided confirmation of assumption that MOVs FW-V-5AJB with not 
stall during block load sequencing.  

Miscellaneous editorial changes and corrections.  

Cover; updated list of referenced Calculations and revision level 

Section 1.0; added determination of short circuit voltages to purpose.  

Section 1.3; revised Acceptance Criteria to conform with SDD-T1
1 000, Revision 11.  

Section 1.4, Cover; added DVR relay pickup as design basis 
parameter.  

Section 2; deleted completed action items. Revised numerical 
results consistent with new DAPPER runs.  

Section 3; updated the revision level of several references. Added 
and deleted references to conform with text.
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2 
(cont.) Assumptions 4.5 and 4.28, revised to delete Cases 4AC13 AND 

4BC13.  

Assumption 4.28; revised to reflect new HP for DR Pumps 

Assumption 4.29 (new); increased HP for SR-P-lA 

Assumption 4.30 (new); ES trip of SR-P-1C 

Assumption 4.31 (new); bounding value for single contingency 
voltage 

Assumption 4.32 (new); derating of 1P and IS USS transformers 

Assumption 4.33 (new); ES trip of non ES selected NR Pump 

Section 5.1; added information for new DAPPER bus for SR-P-1C 

Section 5.6.3; revised acceptance criteria for Battery Chargers 

Section 5.10; added Degraded Voltage Relay setpoints as design 
inputs 

Section 6.2; revised Cases 2 and 5 for bounding switchyard voltage 

input Revised Case 3 for determining loading limits.  

Section 7.2; revised results values per new DAPPER runs 

Section 7.2.3; added results for loading limits calculations 

Table 7.2.4-1; Deleted entries for NR-S-1A, DR-S-IA, Battery 
Chargers 

Table 7.2.4-2; deleted entries for NR-S-1C, DR-S-1B, Battery 
Chargers, added DR-P-1 B 
Section 7.2.4; deleted discussion of deleted Cases 4AC13 and 

4BC13.  

Section 7.26; deleted discussion of TCN -199-0052.  

Appendix 8.1, Tabtes 1P, IS; deleted notes for Cases 4AC13 and 
4BC13 

Appendix 8.1, Tables IR; revised loads for DR-P-1A. NR-P-IA, SR
P-1A 

Appendix 8.1, Table IT; revised loads for DR-P-1B, NR-P-1C
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2 
(cont.) Appendix 8.1 Table 1T; added bus number and load for SR-P-IC 

Appendix 8.1, Table 1A-V; changed load for comp 6BR to correct 
error (6.7 vs. 6.5 KW) 

Appendix 8.3; deleted entries for Cases 4AC13, 4BC13, 3BSUP, 

added entries for Cases 3B1, 3B2, 3B3, 11A, 11B 

Appendix 8.3, Tables 5A and 6A; added columns for SR-P-1A 

Appendix 8.9; replaced all DAPPER runs except Case 10 

Appendix 8.10; updated all tables with new voltage results, changes 
marked in BOLD 

Appendix 8.10, Table 4A; removed Alternate Current Criteria 
calculation for NR-P-1A, NR-S-1A, DR-S-1A, DR-P-1A and RR-S
1A.  

Appendix 8.10, Table 48; removed Alternate Current Criteria 

calculation for NR-P-1C 

General; miscellaneous editorial changes and corrections

I _____________ j ____________
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1.0 Purpose 

1.1 Statement of Purpose 

The purpose of this calculation is to demonstrate the adequacy of voltage regulation of 
the plant auxiliary power system when supplied by the offsite power sources, and to 
determine voltage levels to be used as inputs for other calculations. The scope of 
these demonstrations and determinations is defined by the following tasks: 
1.1.1 Demonstrate acceptability of unit auxiliary transformer and unit substation 

transformer normal tap settings for the most limiting combinations of the 
following conditions: 
a. One or two transformer alignments 
b. Minimum expected grid voltage 
c. Normal and accident loading 
d. Steady state and LOCA Block Sequencing 

1.1.2 Determine tolerances for, and demonstrate acceptability of the degraded 
voltage relay settings.  

1.1.3 Determine maximum BOP and ES bus loading for minimum expected grid 

voltage (232KV), single transformer, normal operation.  

1.1.4 Determine motor starting terminal voltages during Block Load Sequencing.  

1.1.5 Demonstrate adequate current carrying capacity of 5 kV bus duct, 4 kV ES 
switchgear, 480 V ES switchgear, and 480 V MCCs under worst case degraded 
grid conditions.  

1.1.6 Determine bus voltages for maximum grid voltage for use in short circuit 
calculations.  

Case descriptions for the above tasks are provided in Section 6, Approach and 

Methodology.  

1.2 Intended Use 

This calculation is intended to provide guidance and criteria to the station in 
developing standards and procedures for the operation of the plant auxiliary power 
system, In addition, it is intended to provide input to other calculations such as GL 89
10 MOV calculations, control circuit voltage regulation, and short circuit and 
coordination studies.
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1.3 Acceptance Criteria 

The results of this study shall demonstrate that, for transformer normal tap settings 
(existing) and degraded voltage relay settings (determined herein), the following 
criteria are met for the limiting combinations of system alignment, grid voltage and bus 
loading: 

1.3.1 Adequate voltage is available at the terminals of all NSR equipment.  

1.3.2 Separation from offsite power does not occur due to 230KV system degraded 
grid voltage (single contingency), two transformer operation and accident 
loading.  

1.3.3 Separation from offsite power does not occur due to minimum expected 
substation voltage, single transformer operation (automatic) and normal plant 
loading.  

1.3.4 Separation from offsite power does not occur due to minimum expected 
substation voltage, single transformer operation (automatic) and accident 
loading.  

1.3.5 Loading under worst case degraded voltage and load conditions does not 
exceed bus ratings.  

1.3.6 Separation from offsite power does not occur due to minimum expected 
substation voltage, single transformer operation (tap change operation), and 
the entire station startup auxiliary load supplied by a single transformer.  

Specific acceptance criteria values for system equipment are provided in Section 5 of 

this calculation.  

1.4 Design Basis Calculation for Degraded Voltage Relay 

This calculation establishes the design basis for the degraded voltage relay dropout 
and pickup settings.  

2.0 Summary of Results 

Degraded Voltage Relay Setpoints and Tolerances 

The results of this calculation are based on the following degraded voltage relay setpoints 
and tolerances which were determined or validated in this calculation:



02/16/Ge 1-3:00:32

CALCULATION SHEET 
NUCLEAR (Ref. EP-OO6T) 

Subject: Calculation No. Rev. No. System Nos. Sheet 
TMI-1 AC Voltage Regulation Study C-1101-700-E510-00 2 700 7 of 77 

Nominal dropout setpoint 3760 V (Assumption 4.8.1).  
Minimum dropout setpoint 3727V (Section 7.1.1) 
Nominal pickup setpoint 3779V (Assumption 4.8.2) 
Maximum pickup setpoint 3806V (Section 7.1.2) 
Minimum pickup setpoint 3756V (Section 7.1.3) 

Technical Specification 3.5.3 Note 4 provides for a minimum allowed setting of 3740V, and a 
maximum allowed setting of 3773V. The Technical Specification bases state that the 
minimum and maximum allowed settings for the degraded voltage setpoint are based on a 
relay tolerance of -0.53%, +0.35% and is to be considered an "as-left' setting. The Technical 
Specification bases should be changed to define the minimum and maximum allowed 
settings as "acceptable-as-found" values. (CAP T1 998-1143, Reference 3.7.20) 

Technical Specification Table 4.1-1 Item 43 a. should be revised to show a calibration interval 
of one year for the Degraded Voltage Relays vs. the existing interval of one refueling cycle, to 
be consistent with the interval used in the determination of Degraded Voltage Relay 
tolerances in Appendix 8.4 of this calculation. (CAP T1998-1143, Reference 3.7.20) 

Results of DAPPER Voltage Studies 

Cases 1A and 1B demonstrated that the existing transformer tap settings are adequate to 
provide all NSR equipment with voltage near to their rated values for two transformer 
alignment normal power operation, and normal grid voltage. This case satisfies the 
acceptance criteria in Sections 1.3, 5.6, and 6.3 of this calculation. (See Section 7.2.1) 

Cases 2A and 2B determined that separation from offsite power does not occur due to a 
bounding value for 230KV system degraded grid voltage (single contingency), two 
transformer operation and maximum plant loading for 100% power operation. The results for 
Case 2A showed that the minimum voltage that would occur on Bus 1 D for a switchyard 
voltage of 223.3 kV would be 3924 V vs. 3806 V minimum. The results for Case 21 showed 
that the minimum voltage that would occur on Bus 1 E would be 3834 V vs. 3806 V minimum.  
All NSR motors have voltage above their minimum required values or satisfy the alternate 
current criteria of Section 5.6.1.  

Cases 3A and 3B determined the maximum Turbine Plant and ES bus loading achievable on 
a single transformer for minimum expected grid voltage of 232KV and normal power 
operation as follows: 

Case 3A (Transformer 1 B) 25,722 KVA 
Case 3B (Transformer 1A) 23,972 KVA
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The results for Case 3B showed that, for minimum expected grid voltage of 232 KVA, TP 
loading would have to be limited to 23,972 KVA to assure ES Bus I E would not be separated I 
from the grid on fast transfer of BOP loads to Aux Transformer 1A, This limit is less than the 
assumed turbine plant loading of 24.3 MVA (Assumption 4.3.5). Case 3B1 showed that a 
switchyard voltage of 232.4 KV with Turbine Plant loading of 24,422 KVA was adequate to 
assure a minimum voltage of 3806 V on ES Bus 1 E, and preclude separation of the ES Bus 
on fast transfer of BOP loads to Aux Transformer 1A. This is based on Procedure 1105-1OA 
(Reference 3.1.9) which provides a control room alarm if the switchyard voltage reaches this 
value, and procedure 1203-41 (Reference 3.1.4) which directs the operators to reduce load if I 
this alarm comes in. Cases 3B2 and 3B3 provided additional data points from which a graph 
of permissible loading vs. switchyard voltage was constructed and provided in Appendix 11.  
Case 3A determined that the 5000V bus duct sections immediately downstream of Auxiliary 
Transformer 1 B (DAPPER Bus 40 to 41 ) could be subjected to current in excess of their 400 
C rating of 4072 amperes, during single transformer operation and a TP load of 25,722 KVA.  
However, this loading is greater that the assumed TP loading limit of 24.3 MVA, and so is not 
expected. Case 3A-SUP determined that the proposed TP loading limit of 24.3 MVA and 
Switchyard voltage of 232.4 KV were adequate to limit 5000V bus duct current to 4075 A 
which is slightly above the 400 C rating. Since higher currents are permitted at different 
temperature ratings, this result is considered acceptable by engineering judgement.  

Cases 4A and 4B determined equipment terminal voltages for the worst case minimum 
voltage on the 4KV ES buses afforded by the degraded voltage relays. These cases 
identified several loads, listed in Tables 7-2.4-1 and 7.2.4-2, that did not pass either the 
primary terminal voltage criteria or the alternate current criteria given in Section 5.6.1. It was 
determined, however, that switchyard voltage would have to decline well below the voltage 
criteria in System Design Description SDD T1 -000 (Reference 3.3.1) in order to experience 
4KV bus voltages postulated in these cases. It was therefore concluded that these low 
voltages would not persist for an extended period of time, due either to operator action 
defined in existing procedures, or actuation of the automatic degraded voltage protection 
scheme. Each of the affected loads was thereby determined to be acceptable (See Section 
7.3). However, these results demonstrate a lack of robustness in the electrical distribution 
system design that, while not presenting safety concerns, could impose undesirable burdens 
on operators or impose constraints on power production. Consequently, the results of this 
calculation should be evaluated through the corrective action process to determine whether 
procedural or design enhancements should be made to improve the operating flexibility of the 
electrical distribution system. See CAP T1998-1143, Reference 3.7.20.  

Case 4BEQ demonstrated that increased cable resistance due to elevated temperatures in 
accident environments will have negligible effect on voltage available to large motors. (See 
Section 7.2.4.)
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Case 4BNS showed that the minimum voltage on one NS pump in run out with no other NS 
pumps running would be 398 V. This voltage was determined to be acceptable in Section 
7.3.  

The two transformer Block Load Sequencing cases 5A1 S through 5B5R demonstrated that a 
bounding switchyard voltage of 223.3 KV was adequate to start and run all required motors 
during Block Load Sequencing, and that final recovery voltage after sequencing was 
adequate to prevent separation of the 4KV ES buses (3903 V vs. 3806 V required for ES Bus 
1 D and 3810 V vs. 3806 V required for ES Bus I E). The starting voltages for all block loads 
are summarized in Tables 7:2.5-1 and 7.2.5-2 and final recovery voltages determined by 
cases 5A5R and 5B5R are tabulated in Appendix 8.10 Tables A and B.  

The single transformer Block Load Sequencing cases 6A1 S through 6B5R demonstrated that 
a switchyard voltage of 232 KV was adequate to start and run all required motors during 
Block Load Sequencing, and that final recovery voltage after sequencing was adequate to 
prevent separation of the 4KV ES buses (3856 V vs. 3806 V required for ES Bus 1 D and 
3824 V vs. 3806 V required for ES Bus 1 E). The starting voltages for all block loads are 
summarized in Tables 7.2.6-1 and 7.2.6-2 and final recovery voltages determined by cases 
6A5R and 6B5R are tabulated in Appendix 8.10 Tables A and B. The steady state running 
voltages for certain motors after the completion of block loading were below the 90% terminal 
voltage criteria established in Section 5.6.1 (See Appendix 8.10 Tables A and B). However, 
these cases are bounded by the more limiting results of Case 4, which are discussed in 
Sections 7.2.4 and 7.3.  

Cases 7A and 7B determined LOCA Block Load Sequencing Minimum Recovery Voltage 
applicable to starting MOVs. Voltages at the MOV MCCs and their feeder buses are 
tabulated in Table 7.2.7. The results show that voltages at MCCs for GL 89-10 MOVs 
required to operated during block load sequencing were as good or better.than those used in 
Calculation C-I 101-730-5350-001, GL 89-10 MOVs Degraded Grid Voltage Drop Calculation 
(Reference 3.2.6).  

Cases 8A and 8B determined voltages for the long term post LOCA situation. These cases 
determined that a voltage of 423 V on 480V ES Buses 1 P or IS results in less than 90% of 
rated voltage, at some motor loads. However, each of the motor loads passed the alternate 
current criteria as shown in Appendix 8.10, Tables 8A and 8B. Non-motor loads such as the 
Inverters and Battery Chargers passed the voltage criteria given in Sections 5.6.3 and 5.6.4.  
It was concluded that the 480V bus low voltage alarms and appropriate operator response 
are adequate to assure acceptable voltage to NSR loads downstream of the 4160V ES buses 
in the long term post LOCA situation.  

Cases 9A and 9B show that grid separation could occur during tap change operations when 
all five 4 KV buses are placed on a single auxiliary transformer, in the event of the 
simultaneous occurrence of maximum positive degraded voltage relay error, low system

CALCULATION SHEET 
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voltage (232 KV) and plant loading above 41,876 KW. These results also demonstrate that 
the ES buses are more vulnerable to grid separation when fed from Auxiliary Transformer 
1A. (Section 7.2.9) 
Case 10 demonstrated that the voltages predicted by the DAPPER model used in this study 
were very close to the values determine by field measurements for the Green Train. It was 
therefore concluded that the methods and assumptions used in this study were conservative 
and appropriate. (Section 7.2.10).  

3.0 References (Additional references are provided separately in Appendices 8.4 and 8.8) 

3.1 Procedures 

3.1.1 TMI-1 Operating Procedure 1107-1, Revision 47, Normal Electrical System.  

3.1.2 TMI-1 Operating Procedure 1107-2, Revision 96, Emergency Electrical System 

3.1.3 TMI-1 Preventive Maintenance Procedure E-26, Revision 22, Vital Power 
Inverter Maintenance 

3.1.4 TMI-1 Abnormal Procedure 1203-41, Revision 20, Low System (Grid) Voltage 

3.1.5 Special Test Procedure STP 1-98-0034, dated 9/16/98, Voltage Measurements 
*to Confirm Degraded Grid Voltage Calculation 

3.1.6 TMI-1 Emergency Procedure 1202-31, Revision 56, Fire 

3.1.7 TMI-1 Operating Procedure 1102-1, Revision 151, Plant Heatup to 5250F 

3.1.8 TMI-1 Operating Procedure 1102-11, Revision 120, Plant Cooldown 

3.1.9 Procedure 1105-10A, Revision 40, Plant Computer Alarm Attributes 

3.1.10 TCN 1-99-0090 to Procedure 1203-41, Revision 20, Low System (Grid) 
Voltage 

3.1.11 TMI-1 Abnormal Transient Procedure 1210-6, Revision 27, Small Break LOCA 
Cooldown 

3.1.12 TMI-1 Abnormal Transient Procedure 1210-7, Revision 27, Large Break LOCA 
Cooldown 

3.1.13 TM I-1 Operating Procedure 1107-3, Revision 90, Diesel Generator
d
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3.1.14TMI Alarm Response Procedure MAP H-1-2, Revision 19, OTSG A BTU Limit 

3.1.15TMI Alarm Response Procedure MAP H-1-3, Revision 8, OTSG B BTU Limit 

3.1.16 TMI-1 Alarm Response Procedure MAP B-2-4, Revision 10, 480V ES Bus 
UV/OV 

3.1.17 TMI-1 Corrective Maintenance Procedure 1450-026, Revision 5, 480V 
Under/Overvoltage (Alarm) Relay Maintenance 

3.1.18TMI Abnormal Transient Procedure 1210-1, Revision 39, Reactor Trip 

3.1.19 TMI Operating Procedure 1104-24M, Revision 13, Diesel Generator Building H 
& V System 

3.1.20 TMI-1 Operating Procedure 1104-25, Revision 113, Instrument and Control Air 
System 

3.1.21 TMI Engineering Procedure EP-007T, Revision 0, Numerical Analysis 
Computer Program Control.  

3.1.22 GPU Corporate Procedure 1000-ADM-1230.10, Revision 2, Computer System 
Control Process 

3.2 Calculations and TDRs 

3.2.1 Calculation C-1 101 -700-E510-008, Revision 1, TM[-1 Electrical Impedance 
Model 

3.2.2 Calculation C-1 101-741-E510-005, Revision 1, TMI-1 Loading Summary of 
Emergency Diesel Generator and Engineered Safeguards Buses 

3.2.3 TDR-1 064, Revision 0, TMI-1 Voltage and Frequency Study 

3.2.4 TDR-900, Revision 1, Reconciliation of Loss of Ventilation Systems' Analyses 
and Tests 

3.2.5 Calculation No. C-1 101-734-5350-003, Revision 3, "TMI-1 Battery Capacity 
Sizing and Voltage Drop for DC System" 

3.2.6 Calculation C-1101-730-5350-001, Revision 6, GL 89-10 MOVs Degraded Grid I 
Voltage Drop Calc.
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3.2.7 Calculation C-1 101-901-5360-007, Revision 8, H2 Generation Inside the 
Containment 

3.2.8 Calculation C-1 101-733-E420-022, Revision 1, TOL Analysis for TDR-995 
Conversion 

3.2.9 Calculation C-1 101 -700-E420-01I, Revision 1, GL 89-10 MOV FW-V-5 
Transient Voltage Calculation 

3.2.10 Calculation C-1 101-826-5360-014, Revision 0, Degraded Voltage Accident 
Room Air Temp's 

3.3 Design Basis Documents and Specifications 

3.3.1 SDD-T1-000, Revision 11, System Design Description 
For Three Mile Island Nuclear Station Unit No. 1, Division I Plant Level Criteria 

3.3.2 SDBD-T1-211, Revision 2, System Design Basis Document, (SDBD) for 
Makeup and Purification System 

3.3.3 SDBD-T1-212, Revision 1, System Design Basis Document, (SDBD) for Decay 
Heat System 

3.3.4 SDBD-T1-214, Revision 1, System Design Basis Document, (SDBD) for 

Reactor Building Spray System 

3.3.5 SDBD-T1-700 Reference B063, GAI Bill of Materials for Motors 

3.3.6 SDBD-T1 -823, Revision 0, System Design Basis Document, (SDBD) for 
Reactor Building Cooling System 

3.3.7 Specification SP-9000-31-213, Revision 8, Technical Specification for Class 1 E 
Electric Cable for Power, Control, and Instrumentation 

3.3.8 Bill of Materials TMI-ED, Item No. ED-4, Issue 2, for 5kV Metal Enclosed Bus 
Duct 

3.3.9 Bill of Materials TMl-ED, Item No. ED-2, Issue 3, for 4 KV Station Service and 

Engineered Safeguards Switchgear 

3.3.10 Bill of Materials TMI-EE, Item No. EE-1, Issue 2, for 480 Volt Unit Substations
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3.3.11 Bill of Materials TMI-EG, Item No. EG-5, Issue 3, for 480 Volt Motor Control 

Centers' 

3.4 Vendor Information 

3.4.1 CD Technologies Memorandum from David Wilson to John Tesmer, dated 
4/23199, Re battery charger operation at less than 432 Vac.* 

3.4.2 TMI-1 Vendor Manual VM-TM-0172, Revision 10, Solid State Controls Inc.  
(03471), 120 VAC Vital Power Inverters 

3.4.3 Document 990-2121, Westinghouse (00919) Report on Motor Study, dated 
September 6, 1991 

3.4.4 TMI-1 Vendor Manual VM-TM-0191,Revision 30, Fairbanks Morse (Colt 
Industries) (06796), Emergency Diesel Generators.  

3.4.5 TMI-1 Vendor Manual VM-TM-0029, Revision 30, Limitorque (02733) Valve 
Operators 

3.4.6 Limitorque Corporation Letter dated March 6, 1987, to R. C. Ezzo, Limitorque 
Motor Currents 

3.4-7 Calvert Memorandum dated 10/28/98, Joe turner to Tom Akos (GPUN), Calvert 
Bus Ampacity Data * 

3.4.8 TMI-1 Vendor Manual VM-TM-0019, Revision 15, Bingham-Willamette Co.  
(09190), Nine Stage Centrifugal Makeup Pumps 

.3.4.9 Fax from Gary Sarpolis (Rockwell Automation) to Dick Bensel (GPU Nuclear) 
dated 5/19199, regarding motor SZY00272 

3.4.10 TM 1-1 Vendor Manual VM-TM-01 55, Revision 11, Comsip Inc. (01336), Model 
K-Ill Post LOCA Hydrogen Analyzer 

3.4.11 TMI-1 Vendor Manual VM-TM-0073, Revision 8, York (Borg Warner) (09720), 
Control and Service Bldg. Chillers 

3.4.12 Westinghouse Nuclear Services Division Letter RRSIDSE(99)-298 to Mr. Dick 
Bensel, GPU, dated June 8,1999, Performance Characteristics for Selected 
Westinghouse Motors
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3.4.13 Westinghouse Nuclear Services Division Letter RRS/DSE(99)-228 to Mr. Al 
Alberano, GPU, dated April 30,1999, DR-P-1NB Motor Study 

3.4.14 TMJ-1 Vendor Manual VM-TM-071 8, Revision 9, Westinghouse (00919), 
Westinghouse AC Motors 

3.4.15 Nuclear Logistics Inc. Test Report TR-069009-1, Revision 0, Test Report for 
TMI Battery Charger Test 

3.4.16 TMI-1 Vendor Manual VM-TM-0283, Revision 13, Westinghouse (00919), 480 
Volt Switchgear, Transformer and DB 25 & 50 Circuit Breakers 

3.5 Correspondence 

3.5.1 Memorandum D.E. Barber to R. Bensel, dated September 21, 1999, TMI 
Degraded Grid Voltage * 

3.5.2 Memorandum R.W.Bensel (TMI-1) to D.A. Palaferro (Gilbert), dated July 20, 
1989, Measurement to Support the TMI-1 Voltage Drop Study * 

3.5.3 Not Used 

3.5.4 FAX Dick Bensel to George Skinner, dated December 14, 1998, Vital Inverter 
Test Data * 

3.5.5 Lotus Notes Dick Bensel to George Skinner, dated May 27, 1998, BOP Bus 
Loading * 

3.5.6 Lotus Notes Earl D. Showalter to George Skinner, dated August 25, 1998, BOP 
Loads and CWP Loads for Single Transformer Ops * 

3.5.7 Lotus Notes Floyd Reeser to George Skinner, dated October 8, 1998, Time and 
Voltage * 

3.5.8 Lotus Notes Earl D. Showalter to George Skinner, dated September 11, 1998, 
Assumed Loads on Aux. Transformers for Tap Change * 

3.5.9 Lotus Notes Dick Bensel to George Skinner, dated September 8, 1998, Motor 
Nameplate Info * 

3.5.10 Lotus Notes Dick Bensel to George Skinner, dated October 8, 1998, EG-P-3A 
and EG-P-8A Current and Voltage Readings *
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3.5.11 Lotus Notes Dick Bensel to George Skinner, dated September 25, 1998, Motor 
Nameplate Info/Current & Voltage Readings * 

3.5.12 Lotus Notes Dick Bensel to George Skinner, dated September 17, 1998, Re: 
NR Water Pump Discharge Strainers, Nameplate Data Discrepancies and 
Voltage Study Results * 

3.5.13 Lotus Notes Earl D- Showalter to George Skinner, dated December 9, 1998, 
6900V Bus Readings & Fuel Oil Pumps * 

3.5.14 Lotus Notes William McSorely to George Skinner, dated December 9, 1998, 
Function of MU-P-4AIBIC * 

3.5.15 Lotus Notes Dick Bensel to George Skinner, dated December 17, 1998, DF-P
IA/C Nameplate Data * 

3.5.16 Lotus Notes Dick Bensel to George Skinner, dated August 11, 1998, Voltage 
Criteria (With attached spreadsheet Bus4 Volts 2 Year Running Profile.xls) * 

3.5.17 Memorandum C. E. Hartman to H. Robinson, dated 119190, Re: Memo G/C/TMI
1 CS/1 7052, dated 01/03189, Brendlen to Langenbach, Voltage Drop Study on 
Degraded Grid * 

3.5.18 Memorandum R. W. Bensel to D. A. Palaferro, dated 1115190, TMI-1 Voltage 
Study * 

3.5.19 Lotus Notes Earl Showalter to George Skinner, dated 12/1-6698, AH-E-18A & B 
Nameplate Data* 

3.5.20 Lotus Notes Charles C. Seitz to George Skinner, dated 515199, LO-P-7 Auto 
Start, TMI-1 Main Turbine Coastdown Time * 

3.5.21 L tus N ic nsel to Geor innner,te.dIy-2-g99,-Scope of 

C '~ation#CI101- -0 010 Rev. I"*Aw•ee 

3.5.22 Deleted 

3.6 Drawings 

3.6.1 GAI Drawing SS 224-402, Revision 3, Electrical Station Auxiliaries 4000 Volt 
Motors & Controls Engineered Safeguards
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3.6.2 GAI Drawing SS 224-403, Revision 3, Electrical Station Auxiliaries 4000 Volt 
Motors & Controls Engineered Safeguards Switchgear 

3.6.3 GAI Drawing SS 224-404, Revision 3, Electrical Station Auxiliaries 460 Volt 
Motors & Controls 

3.6.4 GAI Drawing SS 224-411, Revision 4, Electrical Station Auxiliaries 460 Volt 
Motors & Controls Engineered Safeguards Control Centers 

3.6.5 GAl Drawing SS 224-412, Revision 3, Electrical Station Auxiliaries 460 Volt 
Motors & Controls Engineered Safeguards Control Centers 

3.6.6 GAl Drawing SS 224-413, Revision 3, Electrical Station Auxiliaries 460 Volt 
Motors & Controls Engineered Safeguards Control Centers 

3.6.7 GAI Drawing SS 224-426, Revision 4, Electrical Station Auxiliaries 460 Volt 
Motors & Controls E.S. Screen House Control Centers 

3.6.8 GAI Drawing SS 224-427, Revision 3, Electrical Station Auxiliaries 460 Volt 
Motors & Controls E.S. Screen House Control Centers 

3.6.9 Colt Industries Drawing 11865841, Sheet. 3B, Revision 7, Metropolitan Edison 
Diesel Generator 1 B Three Mile Island Nuclear Station Unit 1 Electrical 
Schematic AC Auxiliary and Generator 

3.6.10 York Drawing 70-755153-1A, Revision A, Hermetic Turbopak Liquid Chilling 
Systems with "Marine Type Water Boxes Model HT 90 through HT 350 

3.6.11 York Drawing 70-755153-2A, Revision A, Hermetic Turbopak Liquid Chilling 
Systems with "Marine Type Water Boxes Model HT 90 through HT 350 

3.6.12 Drawing E-206-021, Revision 10, Electrical One Line and Relay Diagram 
6900V and 4160V Switchgear 

3.6.13 Drawing E-206-022, Revision 19, Electrical One Line and Relay Diagram 
4160V Engd. Safeguards Switchgear 

3.6.14 Colt Industries Drawing 11865841, Sheet. 3A, Revision 20, Metropolitan Edison 
Diesel Generator 1A Three Mile Island Nuclear Station Unit I Electrical 
Schematic AC Auxiliary and Generator

0Z
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3.6.15 Colt Industries Drawing 11865841, Sheet. 1A, Revision 28, Metropolitan Edison 
Diesel Generator 1A Three Mile Island Nuclear Station Unit I Electrical 
Schematic Diesel Engine Control 

3.6.16 Colt Industries Drawing 11865841, Sheet. 1A, Revision 6, Metropolitan Edison 
Diesel Generator 1B Three Mile Island Nuclear Station Unit 1 Electrical 
Schematic Diesel Engine Control 

3.6.17 GAl Drawing 201-043 Sh. 1, Revision 31, 480V Control Center 1 A Engineered 
Safeguards 

3.6.18 GAI Drawing 201-044 Sh. 1, Revision 28, 480V Control Center I B Engineered 
Safeguards 

3.6.19 GAI Drawing 201-052 Sh. 1, Revision 40, 480V Control Center 1A Engineered 
Safeguard Valves 

3.6.20 GAI Drawing 201-053 Sh. 1, Revision 39, 480V Control Center 1 B Engineered 
Safeguard Valves 

3.6.21 GAi Drawing 201-062 Sh. 1, Revision 20, 480V Control Center 1A Engineered 
Safeguards Screen House 

3.6.22 GAI Drawing 201-063 Sh. 1, Revision 24, 480V Control Center 1 B Engineered 
Safeguards Screen House 

3.6.23 GAI Drawing 201-069 Sh. 1, Revision 31, 480V Control Center I C Engineered 
Safeguard Valves 

3.6.24 GAI Drawing 201-076, Revision 3, 480V Control Center 1A Engd Sfgds Vent 
Bldg 

3.6.25 GAI Drawing 201-077, Revision 4, 480V Control Center 1 B Engd Sfgds ESF 
Vent Bldg 

3.6.26 GAI Drawing SS 209-482, Revision 12, Electrical Elementary Diagrams, 
Engineered Safeguards 

3.6.27 GAI Drawing SS 209-490, Revision 6, Electrical Elementary Diagram, 
Engineered Safeguard 

3.6.28 GAI Drawing SS 209-492, Revision 9, Electrical Elementary Diagram, 
Engineered Safeguard
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3.6.29 GAI Drawing SS 209-526, Revision 3, Electrical Elementary Diagrams, 
Engineered Safeguards 

3.6.30 GAI Drawing SS 209-582, Revision 12, Electrical Elem. Diagram, Engineered.  
Safeguard 

3.6.31 GAl Drawing SS 209-590, Revision 5, Electrical Elem. Diagram, Engineered 
Safeguard 

3.6.32 GAI Drawing SS 209-592, Revision 13, Electrical Elem. Diagram, Engineered 
Safeguard 

3.6.33 GAI Drawing SS 209-626, Revision 1, Electrical Elementary Diagrams, 
Engineered Safeguards 

3.6.34 GA] Drawing SS 209-755, Revision 11, Electrical Elementary Diagram, DC and 
Miscellaneous 

3.6.35 GA[ Drawing SS 209-756, Revision 12, Electrical Elementary Diagram, DC and 
Miscellaneous 

3.6.36 GPUN/GAI Drawing No. 302-351, Revision 16, Emergency Diesel Generator 
Services Flow Diagram 

3.6.37 GAI Drawing E-206-01 1, Revision 37, Electrical Main One Line and Relay 
Diagram 

3.6.38 GAI Drawing 208-017, Revision 4, Electrical Elem. Diagram, Turbine, Generator 
Exciter & Transformers 

3.7 Miscellaneous 

3.7.1 IEEE Standard 399-1990, IEEE Recommended Practice for Industrial and 
Commercial Power Systems Analysis 

3.7.2 NEMA Standard MG-1,Revision No. 8, November 1984, Motors and Generators 

3.7.3 Engineering Standard ES-023, Revision 2, Selection and Sizing of Power, 
Lighting and Control Cables 

3.7.4 Deleted
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3.7.5 Modification MD-H355-001, Modification Documentation, Revision 0, DR-P

0001A/B Replacement 

3.7.6 TMI-i GMS2 Data Base 

3.7.7 Deleted 

3.7.8 TMI Maintenance Log dated 12110/98, Time 05;23:04AM, NR-S-1B Motor Data 

3.7.9 TMI Job Order 86168,12/14/98 

3.7.10 Electrical Load Sheet # T1 -700-99-015 

3.7.11 Pull Slip for Circuit LT5, dated 5/6171 

3.7.12 Modification ICMD-H520-001,Modification Documentation, Revision 0, ES Trip of SR-P-1C 
3.7.13 Modification MD-H440-001, Modification Documentation, Revision 0, ES Trip of 

the Non-ES Selected NR Pump 

3.7.14 Deleted 

3.7.15 Engineering Standard ES-010, Revision 3, TMI-1 Environmental Parameters 

3.7.16 TAR-TM-022, Figs. 23 &24 dated 5/13193 

3.7.17 TAP Number TMI-86-06, dated June 2, 1986, Transient Assessment Program 
Report for Three Mile Island Unit-1 Reactor Trip 

3.7.18 TAP Number TMI-93-01, dated September 18, 1992, Transient Assessment 
Program Report for Three Mile Island Unit 1 Anticipatory Reactor Trip due to 
Turbine Trip 

3.7.19 GPU Technical Document 990-1429, Revision 15, Three Mile Island Electrical 
Equipment Environmental Qualification Master List 

3.7.20 CAP T1 998-1143, dated 12/30/98, Calculation C-1I101-700-E510-01 0, Revision 
0 

3.7.21 Request for Project Authorization H385, BA Number 11 H385, Degraded 
Voltage- O&M Items
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3.7.22 TMI Job Order 00164121, dated 3124199 

3.7.23 Engineering Evaluation Request JO 00172010, Revision 0, DR-P-1A New 
Johnston Pump Operability 

3.7.24 Engineering Evaluation Request JO 00172011, Revision 0, DR-P-1 B New 
Johnston Pump Operability 

3.8 Computer Programs 

3.8.1 Distribution Analysis for Power Planning, Evaluation and Reporting (DAPPER), 
Mini/Micro Version 3.5 Level 2.1, Copyright SKM Systems Analysis, Inc., 1991.  

3.8.2 Microsoft Excel 97, Copyright 1985-1996 Microsoft Corporation 

References marked with asterisk are retrievable through Lotus Notes Database 

"Calc C-1 101 -700-E51 0-010 Ref.nsf.  

4.0 Assumptions 

4.1 Running induction motors are modeled as constant KVA loads. Starting induction 
motors are modeled as constant impedance loads, except as noted in Sections 4.1.1 
and 4.1.2. (Reference 3.7.1, Sections 4.9.2.1 and 4.9.2.3) 

4.1.1 Control Building Water Chillers AH-C-4A and AH-C-4B are modeled as constant 
current devices for running (Reference 3.4.11).  

4.1.2 For convenience, MOV starting loads will be conservatively assumed to be 
constant KVA loads.  

4.2 Electrical system lineup during normal two transformer operation is assumed to be as 
described in Operating Procedures 1107-1 and 1107-2 (References 3.1.1 and 3.1.2).  
These procedures specify the following power source allocations, unless otherwise 
determined by the Plant Operations Director in conjunction with the Operations and 
Maintenance Director. It is assumed that alternate lineups will not be entered that are 
more limiting than the lineups specified here: 

Aux. Transformer IA supplies: 6900 V Reactor Plant Bus 1A 
4160 V Buses IA, 1B, 1E 

Aux. Transformer 1 B supplies: 6900 V Reactor Plant Bus 1B 
4160 V Buses 1C, 1D, and IF (through TI-C2)
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4.3 BOP Bus Alignment and Loading 

4.3.1 Reactor Plant Buses 1A and I B 

For the two transformer cases Reactor Plant Buses 1A and 18 are assumed to 
aligned to Auxiliary Transformers 1A and I B, respectively, in accordance with 
system one line drawing E-206-01 1, (Reference 3.6.37). For single transformer 
cases the entire Reactor Plant load is aligned to the operable transformer.  

Reactor Plant Bus loads and power factor are assumed to be as follows 
(Reference 3.5.2): 

RP Bus 1A (DAPPER Bus 100) 14,000 KVA, -.88 PF Lag 
RP Bus IlB (DAPPER Bus 200) 14,000 KVA, -.89 PF Lag 

A review of recent plant electrical loading from 10118/95 to 12/6196 (Reference 
3.5.13), summarized in Appendix 8.6, shows averages of the weekly load 
readings of approximately 13,748 KVA for RP Bus 1A and 13,875 KVA for RP 
Bus 18. In addition, the total Reactor Plant loading of 28,000 KVA bounds 
over 95% of the measurements taken during this period. Therefore the loading 
assumed above is reasonable.  

Reactor Plant Buses 1 A and 1 B are assumed to be at zero load for long term 
post LOCA Cases 8A and 8B because operators will trip the RCPs due loss of 
25°F subcooled margin following a large break LOCA (Reference 3.1.18).  

4.3.2 Turbine Plant Alignment for Two Transformer Normal Operation 

For the two transformer models Turbine Plant Buses 1A and I B are assumed to 
be aligned to Auxiliary Transformer 1A and, Turbine Plant Bus 1C is assumed 
to be aligned to Auxiliary Transformer 1 B, as indicated on system one line 
drawing E-206-01 1, (Reference 3.6.37).  

4.3.3 Turbine Plant Loading for Two Transformer Normal Operation 

Maximum pre-trip Turbine Plant Bus loading for two transformer operation is 
assumed to be as follows: 

Turbine Plant Bus 1A (DAPPER Bus 1000) 9600 KVA 
Turbine Plant Bus 1 B (DAPPER Bus 2000) 6000 KVA 
Turbine Plant Bus I C (DAPPER Bus 3000) 10100 KVA
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STA data (Reference 3.5.5) from 1/94 through 5/98 was reviewed to establish 
the reasonableness of the above assumption. The assumed combined loading 
on Turbine Plant Buses 1A and I B (15600 KVA) was exceeded only three times 
since the beginning of 1994, 16070 KVA on 614/95, 15910 KVA on 418/96 and 
15680 on 6/2f97. (See Appendix 8.6).  

The assumed loading (10100 KVA) on Turbine Plant Bus 1 C was exceeded 
only once since the beginning of 1994, 10150 KVA on 1/21/94.  

The effect of these infrequent excursions above the assumed loading values 
would be to slightly increase the grid separation voltage. The results. of the two 
transformer, normal operation grid separation voltage calculations will be 
reviewed to assure that adequate margin exists to accommodate brief 
excursions above the assumed loading (See Section 7.2.2).  

4.3.4 Turbine Plant Loading for Two Transformer LOCA Operation 

A turbine trip will occur prior to or simultaneously with the receipt of a LOCA 
signal. This will result in automatic BOP load reduction due to reduced 
feedwater demand. This load reduction is assumed to be proportional to the 
reduction in feedwater flow observed during the plant trip of 3/12/93, and it will 
be applied in incremented steps for the Block Load Sequencing Cases 5A, 5B, 
7A and 7B as follows (See Appendix 8.7): 

Turbine Plant Loading for Two Transformer 
Block Load Sequencing Cases SA and 6B

BLOCK 1 2 3 4 5 
Load Reduction 0 146 562 766 855 
TP-1A 9600 9454 9038 8834 8745 
TP-1C 10100 9954 9538 9334 9245
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4.3.5 Turbine Plant Alignment for Single Transformer Operation 

During single transformer operation Turbine Plant Buses IA, 1 B, and IC are 
aligned to the operable transformer

Turbine Plant Loading for Single Transformer Case Following Fast Transfer 

SDD-TI-000, Section 700 (Reference 3.3.1), paragraph 3.10 establishes an 
administrative limit of 24.3MVA for Turbine Plant Bus loading. The loading is 
assumed to be distributed as follows: 

Turbine Plant Bus 1A 9378 KVA 
Turbine Plant Bus 1 B 5692 KVA 
Turbine Plant Bus 1 C 9230 KVA 

Turbine Plant Loading for Single Transformer LOCA Operation 

For extended single transformer operation, it is assumed that one Circulating 
Water Pump will be tripped in order to reduce loading on the 4160V distribution 
system (Assumption 4.16 and Reference 3.1.1). it is further assumed for 
purposes of this analysis that the tripped pump will be CW-P-1A, since this will 
have the least beneficial effect on ES bus voltage due to the 4 kV bus duct 
arrangement (References 3.6.12 and 3.6.13). This will result in a load reduction 
of 1809 KVA on Turbine Plant Bus 1A prior to the onset of a LOCA (Reference 
3.5.6)- The Turbine Plant loading during single transformer pre-LOCA 
operation is therefore assumed to be distributed as follows based on loading of 
24.3 MVA prior to the CWP trip: 

Turbine Plant Bus 1A 9378- 1809 = 7569 KVA 
Turbine Plant Bus I B 5692 KVA 
Turbine Plant Bus 1C 9230 KVA 

A turbine trip will occur prior to, or simultaneously with, the receipt of a LOCA 
signal. This will result in automatic BOP load reduction due to reduced 
feedwater demand. This load reduction is assumed to be proportional to the 
reduction in feedwater flow observed during the plant trip of 3112/93, and will be 
applied in incremented steps for the Block Load Sequencing Cases 6A and 6B 
and in full for LOCA steady state Cases 4A, 4B, 8A, and 8B, as follows (See 
Appendix 8.7):

02
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Turbine Plant Loading for Single Transformer Block Load Sequencing 
Cases 6A, 6B, and Steady State Cases 4A, 4B, 8A, and 8B

4.3.6 Turbine Plant Bus Power Factor 

Turbine Plant bus load power factor for all cases is assumed to be as follows 
(Reference 3-5.2): 

Turbine Plant Bus 1A 0.88 lagging 
Turbine Plant Bus 1 B 0.87 lagging 
Turbine Plant Bus 1 C 0.85 lagging 

4.4 Motor starting power factor is assumed to be 0.20 lagging for motors less than 1000 
HP and 0.15 lagging for motors 1000 hp and over. (Reference 3.7.1, Section 9.5.2)_ 
An examination of typical loads and feeders used for this study indicates that 
variations in power factor of .05 from the assumed values will have a negligible effect 
on the final voltage drop results for motor starting.  

4.5 Swing components are assumed to be on the train being analyzed for minimum 
voltage cases unless administrative control established a different lineup. (Reference 
3.3.1, Section 700, paragraph 3.4). In order to minimize voltage on 480V Buses 1 R 
and 1T NS-P-1B is assumed to be off for long term LOCA Cases 8A and 8B 
(Reference 3.1.12, section 2.21).  

When only one of the three NS pumps is running, its run out HP will be greater than if 
two or three pumps are running (Reference 3.2.2, Appendix B, Calculation 9). This 
condition could occur in cases such as the loss of a redundant 480V ES bus supplying 
the other running pump(s). This would represent the most limiting condition for the NS 
pump. A review of preliminary DAPPER runs shows that the worst case voltage for an 
NS pump occurs for NS-P-1 C. Therefore, an additional case (Case 4BNS) similar to 
Case 4B will be performed with NS-P-IC running alone in full run out to evaluate the 
worst case condition for an NS pump. Loading for NS-P-1AlC for Cases 8A and 8B 
will also be adjusted to reflect run out HP for a single NS pump since these cases 
assume that one NS pump is deliberately shut down, while the redundant pump might 
fail.

BLOCK 1 2 3 4 5 LONG 
I_ TERM 

Load Reduction 0 146 562 766 855 1148 
TP-IA 7569 7423 7007 6803 6714 6421 
TP-1 C 9230 9084 8668 8464 8375 8082
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4.6 Bus Alignment and Loading puring Transformer Tap Change Operation 

During plant heatup, the taps on the auxiliary transformers are changed from the 3 
position to the 4 position, and vice versa during plant cooldown (References 3.1.7 and 
3.1.8). During these operations the entire plant auxiliary load is placed on a single 
transformer to permit the tap change on the unloaded transformer (Reference 3.1.2).  
Total plant auxiliary loading during auxiliary transformer tap change operations 
conducted during plant heatup and cooldown is assumed to be a maximum of 45 MW 
(Reference 3.5.8).  

For purposes of modeling these cases, the total load is assumed to be distributed as 
follows: 

Reactor Plant Buses (Section 4.3.1, Reference 3.5.2) 

Reactor Plant Bus 1A 14000 KVA, -.88 Power Factor 
Reactor Plant Bus 1 B 14000 KVA, -.89 Power Factor 

Turbine Plant Buses 

Turbine Plant Bus 1A Adjust to achieve total loading of 45 MW or 3806V on ES 
Bus 

Turbine Plant Bus 1 B 5692 KVA 
Turbine Plant Bus IC 9230 KVA 

Turbine Plant bus load power factor for all cases is assumed to be as follows 
(Reference 3.5.2): 

Turbine Plant Bus 1A 0.88 lagging 
Turbine Plant Bus 1 B 0.87 lagging 
Turbine Plant Bus 1 C 0.85 lagging 

If the total loading criteria of 45 MW and the minimum voltage criteria of 3806V on the 
ES buses cannot be simultaneously satisfied, load will be reduced on TP Bus 1 A until 
the voltage criteria is satisfied, in order to determine the maximum permissible loading.  

ES Buses 

The Impedance Model (Reference 3.2.1) provides the capability to fully model one 
safety train at a time, with the alternate train represented only by the redundant 4KV 
ES bus. The loading for the fully modeled train is assumed to be represented by the 
Appendix 8.1,100% power loading. The loading for the alternate safety train is 
assumed to be represented by a lumped load that is approximately equal to the

02
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Appendix 8.1,100% power loading, less major swing loads, with a voltage of 3806 V 
on the 4 kV ES bus. This will be determined by DAPPER test runs with the final 
loading documented in the DAPPER runs for Cases 9A and 9B.  

4.7 It is assumed that bus voltage recovers to its steady state value between Block Load 
Sequence intervals. This assumption is supported by TDR-1 064 (Reference 3.2.3) 
which shows acceleration of large loads in less than 5 seconds when powered from an 
Emergency Diesel Generator, which is a less robust source than the auxiliary 
transformers.  

4.8 The following assumptions apply to the Degraded voltage Relay setpoints and 
tolerances: (See Appendix 8.4 for input data and additional assumptions pertaining to 
the degraded voltage relay accuracy determination).  

4.8.1 The nominal degraded voltage relay dropout setting is assumed to be 3760V.  
This corresponds to a voltage of 62.02V at the input terminals of the degraded 
voltage relays. (Appendix 8.4 Reference 3.2) 

4.8.2 The nominal degraded voltage relay pickup (reset) setting is assumed to be 
3779V, or approximately 100.5% of the dropout setting. This corresponds to a 
voltage of 62.33 V at the input terminals of the degraded voltage relays.  
(Appendix 8.4 Reference 3.2) 

4.9 Vendor literature for the AC Vital Inverters does not provide tolerances for AC input 
voltage. The Inverters switch over to the DC input supply on low rectified DC voltage 
caused by low input voltage. A review of inverter test data (Reference 3.5.4) indicates 
that an AC input voltage of 480.5 V will produce a rectified DC voltage of: 
approximately 137.33 VDC. A review of inverter design (Reference 3.4.2) indicates 
that rectified DC voltage output of the transformer rectifier circuit will vary proportionally 
with input AC voltage. The low input voltage switchover setpoint is 108 to 110 VDC 
(Reference 3.1.3). Applying the voltage ratio described above, this would correspond 
to an AC input voltage of: 

1lIOV --0 x 480.5V = 385-4V 
137.33V 

This is approximately g0% of 480V. However, for conservatism, the minimuLm AC input 
voltage for the AC Vital Inverters will be assumed to be 400V or approximately 83.3% 
of rated voltage.  

4.10 Minimum motor starting voltage for the Reactor Building Ventilation Fans (AH-E
1NB/C) could not be retrieved from contract documents or vendor literature.
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Reference 3.7.1, Table 16, states that a minimum terminal voltage of 80% is typical for 
NEMA Design B motors. Motor data in SDBD-T1 -823 (Reference 3-3.6), Reference 36 shows that these motors are NEMA Design B. Therefore, a minimum terminal 
voltage of 80% will be assumed for these motors.  

4.11 DG Skid components have the same terminal voltage as the local distribution panel.  
This is reasonable because the loads are located in the same room as the distribution 
panel and the cable runs between them are short.  

4.12 Resistive circuits used for heating are assumed to be operable down to 80% voltage.  
This will result in an effective heating value of approximately 64%. Since these circuits 
are typically thermostatically controlled, this will usually mean only that they are 
energized for longer time periods than normal. In addition, periods of severely 
degraded voltage that.would result in these conditions will be short due to operator 
action to improve voltage (See Assumption 4.13).  

4.13 It is assumed that extreme low ES bus voltage conditions which would require 
switchyard voltages to decline below the limits described SDD-T1-000 (Reference 
3.3.1) will be of short duration and voltage will not hover at or near the limits used for 
analysis of various cases described below, for the following reasons: 

During short term post accident conditions loading on transformers is dynamic with 
a declining trend after Block Sequencing due to reduction of B0P loads. This will 
tend to increase ES bus voltage. If other factors such as grid conditions are acting 
in an opposing direction, these dynamic factors will cause actuation of the 
undervoltage protection scheme.  

* During non-accident and long term post accident conditions, operators will move 
promptly to improve voltage by reducing loading on affected transformer, 
increasing generator output voltage or transfer to alternate sources (Reference 
3-1.4) 

4.14 Minimum sustained voltage on the 4160V ES buses during normal operation is 
assumed to be a voltage equal to the degraded voltage relay maximum reset setting, 
as determined in section 7.1.2. This is based on the acceptance criteria for normal operation Cases 2A, 2B, 3A, and 38 which include the requirement that a minimum 
4160V ES bus voltage at least as great as the degraded voltage relay maximum reset 
setting be maintained for grid separation prevention, during the limiting minimum grid 
voltage and maximum loading conditions being evaluated in each case.  

4.15 Cable Temperature Including Accident Effects 

The effect of accident environments on cable temperature could increase voltage drop, 
although the effect on power cables is generally small. Even when a circuit is affected,
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only a portion of total circuit length is located in a high temperature area. Therefore, 
the resistance "saving" for the portion of the circuit operating below the assumed 
conductor temperature may exceed the resistance "penalty' for the portion in the high 
temperature area. This study will use conductor impedance data based on a 
conductor temperature of 750 C, as tabulated in the Impedance Model (Reference 
3.2.1). This temperature is assumed to be adequate to account for variations in 
ambient temperature affecting portions of cable runs during accidents. In order to 
validate this assumption an additional case similar to Case 4 will be performed to 
assess the effect of elevated cable temperature on the voltage drop for motors located 
in a harsh environment. The conductor temperature for this case will be assumed to 
be i30°C. This temperature is based on the maximum emergency overload conductor 
temperature for the 900C cable (Reference 3.3.7). This temperature is reasonable for 
the AH-E-1A, B,C cables since the temperature in the Reactor Building reaches a 
maximum of 2741F (134.40C) for a period of less than 1000 seconds and then steadily 
declines, passing quickly below 1300C (2660 F). It is-reasonable for EF-P-2A,B cables 
since the peak temperature in the intermediate building is 322°F (161.1°C) for a period 
of less than 100 seconds, drops to 273°F (1340C) until 600 seconds, and then drops to 
212°F (1000C) thereafter (Reference 3.7.15).  

The EQML (Reference 3.7.19) shows the following three groups of motors as being in 
areas affected by accident temperatures: 

AH-E-1A, AH-E-1 B, AH-E-1 C 
EF-P-2A, EFP-2B 
MOVs 

The effect of accident temperatures on cables for MOVs required to operate during an 
accident are covered by Calculation C-1 101-730-5350-001 (Reference 3.2.6). Of the 
remaining two groups of motors, AH-E-1 C and EF-P-2B have the longest cable runs of 
their respective groups (Reference 3.2.1), and so represent the bounding cases for 
effects of accident temperature on cables. Therefore, the supplemental case will 
consider only these two motors.  

4.16 The simultaneous occurrence of low probability events including a LOCA, minimum 
expected voltage at the switchyard, and the sudden loss of an auxiliary transformer will 
not occur. Consequently, in the case of the loss of one auxiliary transformer, and low 
switchyard voltage, operators will have time to reduce BOP loading prior to the onset 
of an accident (Reference 3.3.1, Section 700, paragraph 3.9).  

4.17 Where standby devices (such as standby battery chargers and inverters) are not 
normally in service but represent a limiting component due to cable length, the 
DAPPER model will show the standby device in service in lieu of one of the normal



02/16/00 13:00:32

a pU CALCULATION SHEET NUCLEAR (Ref. EP-006T) 

Subject: Calculation No. Rev. No. System Nos. Sheet 
TMI-1 AC Voltage Regulation Study j C-1101-700-E510.010 2 700 29 of 77 

devices to obtain the limiting .voltage drop. In these cases the load for the normal 
device will be applied to the standby device.  

4-18 It is assumed that the limiting case for transient current on any particular bus due to 
MOV starting is represented by all MOVs on the bus-which will change position during 
Block Load Sequencing running, with the largest of such MOVs on the bus starting.  
This is reasonable because small MOVs start very quickly and the starting current 
drawn by small MOVs will not reduce MCC voltage to the point where they will 
simultaneously stall, even in the unlikely event they receive an exactly simultaneous 
start signal. For simplicity, all MOV starting loads are applied in all sequence blocks 
except as described in Assumption 4.19.  

4.19 MOVs are assumed to start during the steady state voltage recovery period following 
the latge motor starting transient occurring during their respective load blocks. The 
inrush KVA for large MOVs FW-V-5A/B is experienced in Block 1 only with all other 
MOVs on Buses 1AESV and I BESV running. It is assumed that MOVs FW-V-5AJB 
will not stall during the voltage dips experienced during the starting of ensuing load 
blocks. This will be confirmed by comparing the results of Case 7 block load starting 
voltages with the criteria given in Reference 3.2.9. The running current for these 
MOVs is assumed to be 130% of full load current for load blocks 2 through 5 
(Reference 3.4.6).  

4.20 Cable losses for MOV loads are assumed to be small with respect to other loads and 
are considered negligible.  

4.21 Limitorque MOV Power Factor is assumed to be 90% lagging, for both starting and 
running (Reference 3.4.5).  

4.22 During single transformer operation one ES bus will be supplied from its diesel 
generator while the remaining 4160V ES bus, will be supplied by the operable 
transformer (Reference 3.1.1).  

4.23 Normal switchyard voltage is assumed to be 235 KV based on a review of historical 
data (Reference 3.5.16).  

4.24 The following loads are assumed to be off or reduced during block load sequencing 
and the period immediately following the onset of a LOCA (Cases 4, 5, 6, 7): 

Emergency Diesel Generator Skid Components - Diesel generator auxiliary circuits 
except loads supplied by the single phase transformer are tripped off following EDG 
start on the LOCA signal (References 3.6.9 and 3.6.14). Loads supplied by the single 
phase transformer (0.25KW) are not required to support the operation of the diesels
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but are assumed to be 0.5KW./0.88 P.F. (0.6KVA) in order to force DAPPER to report 
a voltage result.  

Turbine Lift Pumps (LO-P-7A-J) -The Turbine Lift Pumps do not start until the turbine 
shaft is essentially at zero speed. This will not occur until approximately 90 minute 
following a turbine trip, concurrent with LOCA initiation (References 3.6.38 and 
3.5.20).  

4.25 Voltage for Long Term Post LOCA Cases 8A and 8B is assumed to be a minimum of 
423 V on ES Buses I P and 1 S based on the nominal 480 V bus undervoltage alarm 
setpoint and procedures that direct operators to take compensatory measures to 
restore and maintain voltage. (References 3.1.16, 3.1.4, and 3.1.12) 

4.26 IA-P-IA,B Instrument air compressors are fed from ES MCCs tA andi B and back up 
primary compressor IA-P4. Degraded voltage or random failure could cause loss of 
the primary compressor. Incipient failures due to low voltage during normal operation 
would be mitigated by existing procedures (i.e. Reference 3.1.4). Degraded voltage 
concurrent with a LOCA would not cause immediate operation of the compressors due 
to the time required for the system to bleed down from normal system pressure of 100
115 PSIG to the IA-P-1 NB start setpoint of 85 PSIG (Reference 3.1.20). Therefore, 
the backup compressors are unlikely to be operating during block load sequencing and 
are assumed to be off for Cases 5, 6 and 7. As a further check of the reasonableness 
of this assumption, 480V bus loading used in Cases 5, 6 and 7 (which does not 
include the air compressors) was compared with Steady State Monitoring (SSM) data 
for Cycles 11 and 12 (Reference 3-5.13). The calculation loading was exceeded by 
the SSM data for onlyone reading from 10195 to 12/98. SSM loading was typically 
considerably below that used in Cases 5, 6, and 7.  

4.27 RCP Oil Lift Pumps are off when The Reactor.Coolant Pumps are operating 
(Reference 3.2.2, Appendix C, Calculations 128-131). RCPs may be on or off during 
the period covered by Case 4. However, for conservatism both the RCPs and the 
RCP Oil Lift Pumps are considered on for Case 4. This is conservative for both the 
grid voltage, which will be lower, and for 480 V MCC voltage which will also be lower.  

4.28 Modification H355 (Reference 3.7.5) provides for increasing the required run out 
horsepower output for DR-P-1 A and DR-P-1 B. The maximum horsepower was 
increased from 190 HP to 210 HP (References 3.7.23, 3.7.24). Therefore, the 
following KW loading will be used in lieu of the value provided in Reference 3.2.2.  
Assuming motor efficiency does not decrease appreciably for the 5% increase in 
horsepower output, the increase in KW input is proportional to the increase in 
horesepower as follows:
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KW (NEW) = KW (OLD) X HP (NEW) / HP (OLD) 

Where: 

KW (OLD) = 153.4 KW (Reference 3.2.2, Appendix B, Calculations 11, 12) 

HP (OLD) = 190 (Reference 3.2.2, Appendix B, Calculations 11, 12) 

HP (NEW) = 210 (Reference 3.7.5) 

KW (NEW) = (210 X 153.4) 1190 = 169.55 KW 

4.29 Electrical Load Sheet # TI -700-99-015 (Reference 3.7.10) documents a required run 
out power output of 210 HP for.SR-P-1A, in lieu of the 200 HP documented in 
Reference 3.2.2. Therefore, the following KW loading will be used in lieu of the value 
provided in Reference 3.2.2, using the same technique used in Assumptiom 4.28: 

KW (OLD) = 161.5 KW (Reference 3.2.2, Appendix B, Calculation 15) 

HP (OLD) = 200 (Reference 3.2.2, Appendix B, Calculations 15) 

HP (NEW) = 210 (Reference 3.7.24) 

KW (NEW) =(210X 161.5) / 200 = 169.6 KW 

4.30 Modification H520 (Reference 3.7.12) provides for tripping SR-P-1 C on an ES signal if 
both SR-P-1B and SR-P-IC are running. This could cause SR-P-IA to start 
automatically. if it is not already running. Consequently, a starting load for SRrP-1A will 
be included with Block 1 loads in Cases 5A, 6A, and 7A. Although this motor is non 
safety and is not required to start in an emergency, it is important that it does not stall and degrade voltage on the 480V ES Bus 1 R. Vendor literature does not provide a 
starting voltage for the motor but Reference 3.4.14 shows that it is NEMA Design B.  
Reference 3.7.1, Table 16,. states that a minimum starting terminal voltage of 80% of 
rated voltage is typical for NEMA Design B motors. Therefore a starting voltage 
criterion of 80% will be assumed for SR-P-1A Because this motor has a pump load 
typically characterized by rapid acceleration, it is further assumed that the motor will 
accelerate prior to the start signal for Block 2 loads.  

For conservatism, the two SR pumps supplied by 480V ES Bus 1T will be assumed to 
be in operation for normal operation cases 1B and 2B.
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4.31 In order to accommodate future changes in the single contingency minimum grid 
voltage, a bounding value of 223.3 kV will be assumed for switchyard voltage in Cases 
2 and 5. This bounds the existing value provided in Section 5.5.  

4.32 Calculation C-1101-826-5360-014 (Reference 3.2.10) determined that the ambient 
temperature in the 1 P and 1 S Switchgear Rooms could exceed the temperature for 
continuous operation specified by the vendor of 300 C, during maximum transformer 
loading and high outside air temperatures. This calculation was based on the 
assumption that the 1 P and 1S transformer were separately loaded to their maximum 
rating (1333 KVA). The calculation concluded that the temperature could reach 1000 F 
(37.78° C) in the 1 P Switchgear Room and 1040 F (400 C) in the 1S Switchgear Room.  
The vendor manual (Reference 3.4.16) states that the transformers may be loaded at 
a de-rated loading level for temperatures that exceed a 24 hour average of 30° C 
without loss of life expectancy. This de-rating is specified as 0.6% of rated KVA for 
each degree Celsius that the average temperature exceeds 30° C. Therefore, the 
following de-ratings may be determined (conservatively assuming that the maximum 
temperatures determined in Reference are 24 hr. averages): 

IP Switchgear Room 7.78 X 0.6% = 4.67% 95.33% x 1333 = 1271 KVA 
1S Switchgear Room: 10 X 0.6% = 6% 94% X 1333 = 1253 KVA 

These de-ratings are applicable to equipment aging only and are not related to 
transformer operability. Consequently, they will be used only as evaluation criteria 
with respect to whether any of the postulated long term loading profiles would pose 
concerns relating to accelerated aging of the transformers.  

4.33 Modification H440 (Reference 3.7.13) provided for tripping the non ES selected NR 
pump on 480V ES Buses I R and IT upon receipt of an ES signal so that only one NR 
pump would be running on these buses during a LOCA. It will be assumed that the 
tripped pump on bus I R will be NR-P-1A and on bus 1T it will be NR-P-1 C.
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5.0 Design Input 

The DAPPER Load Flow and Voltage Drop program (Reference 3.8.1) used for studies in this 
calculation utilizes input data from various DAPPER Project Files and Project Libraries which 
define the configuration of the auxiliary electrical system and the conditions under which it is 
analyzed. In addition, specific data not contained in the project files and libraries is entered 
for individual cases run under DAPPER. The various types and sources of this input data are 
described below.  

5.1 Impedance Model Inputs 

The buses used for this study and their interconnecting impedance elements have 
been defined in Calculation C-I 101 -700-E510-008, "TMI-1 Electrical Impedance 
Model" (Reference 3.2.1). Specifically, the Impedance Model includes: 

Identification of bus numbers and locations 
Transformer data and supporting information 
Interconnecting cable data and supporting documentation 

The Impedance Model includes two design verified DAPPER project files, LOCAA and 
LOCAB which form the basis for all studies performed in this calculation. LOCAA 
defines the electrical distribution network supplied by the 1 B Auxiliary transformer 
during one or two transformer operation, while LOCAB similarly defines the electrical 
distribution network supplied by the 1A Auxiliary transformer. These DAPPER project 
files include all circuits that could be fed by the respective transformer including the 
redundant 4KV ES bus used in Cases 9A and 9B. The project files were adapted for 
use in this calculation by selectively disconnecting circuits not applicable to the case 
being considered. These adaptations are tabulated in Appendix 8.3. In addition, for 
convenience, the redundant 4KV ES buses used in Cases 9A and 9B were deleted 
from the DAPPER project files for all cases'except Cases 9A and 9B.  

In order to provide for a lineup where both SR-P1 B and SR-P-1 C are run 
simultaneously, an additional DAPPER bus (5480) was added to the LOCAB model.  
This new bus is fed from 480 V ES Bus IT (Bus 5400), and its feeder is 142.5 ft. of 
500 MCM cable with an impedance of (0.0299 + jO.0298) ohm/M ft. (References 3.2.1 
and 3.7.11 ).  

5.2 Calculation C-1 101-741-E510-005 Inputs 

Safety bus loading, including non-safety loads supplied by safety buses, is based on 
Calculation C-1101-741 -E510-005 (Reference 3.2.2). Data imported from Reference 
3.2.2 is tabulated in Appendix 8.1. which contains tables corresponding to similarly 
named tables in Reference 3.2.2, Appendix A. The tables from Reference 3.2.2 were
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adapted for this calculation to show load data for the 100% Power and LOCA cases 
only (information for the LOOP cases was not relevant). The tables in Reference 3.2.2 
list equipment loads in kilowatts (KW) and full load amps (FLA) whereas DAPPER 
input uses KVA and power factor (PF). In order to accommodate DAPPER input 
requirements, the Reference 3.2.2 tables were modified to provide columns for Power 
Factor (PF), Reactive Power (Q), and KVA. Power Factor values were taken from 
individual load calculations in Reference 3.2.2, Appendices B and C. Values of Q and 
KVA were calculated from KW and PF using standard power formulas. All non-unity 
values of Power Factor in Appendix 8.1 are lagging.  

Itemized and Lumped Loads 

A separate DAPPER bus was defined in the Impedance Model (Reference 3.2.1), and 
listed in Appendix 8.1 for "itemized" loads where a load terminal voltage is required to 
be reported. Other loads are lumped for DAPPER entry, usually on a per MCC basis.  
Where loads are lumped, individual loads from Reference 3.2.2 are combined by 
complex addition, and a power factor for the combined load is determined. This data 
is calculated in Appendix 8.1 and identified with the appropriate DAPPER Bus defined 
in the Impedance Model for the lumped load.  

Loads are also added together in Appendix 8.1 to show the total loading on the various 
busses, for information only. These totals were not entered into DAPPER or otherwise 
used in the calculation. The "information only" totals are not representative of all 
cases. "Information only" totals may be identified by a DAPPER bus number enclosed 
in parentheses or the absence of a DAPPER bus number.  

Power Factors and Load Types 

Load power factors are entered into DAPPER by selecting one of a maximum of 20 
"Load Types" for each load. The Load Type also defines the toad property as constant 
KVA, constant current, or constant impedance. The Load Types used for this study 
are listed in Appendix 8.2 for each load entered into DAPPER. In some cases 
Reference 3.2.2 provided a power factor given to three significant digits, whereas 
DAPPER only accepts only a two digit value (other than 100). In these cases the 
three digit value was used to calculate KVA in Appendix 8.1 but a Load Type with a 
power factor corresponding to the a rounded two digit value was used DAPPER data 
entry. This adjustment to load power factor has a negligible effect on the results of the 
DAPPER voltage drop calculation.  

Lumped loads are grouped and summed in Appendix 8.1 according to load type, either 
constant impedance or constant KVA. The sums were assigned the appropriate load 
type when entered into DAPPER. Itemized loads in Appendix 8..1 are predominantly

Subject: Calculation No.  
TMI-1 AC Voltage Regulation Study C-1101-700-E510-010
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constant KVA type and were entered into DAPPER as such unless otherwise noted in 

Appendix 8.1.  

Cable and Transformer Losses 

Lumped cable losses were included in the Reference 3.2.2 tabulations. However, 
feeder losses are automatically calculated by DAPPER, and therefore were not 
separately imported from Reference 3.2.2 for those feeders already itemized in the 
Impedance Model Reference 3.2.1. For cables not itemized in the Impedance Model, 
i.e., feeders for MCC lumped loads, the cable loss values from Reference 3.2.2 were 
included in the lumped load tabulations. Similarly, transformer losses are calculated 
by DAPPER based on data provided in the Impedance Model. Therefore they were 
not separately imported from the Reference 3.2.2 data tables.  

Other Data Adiustments 

The loads for DR-P-1 A, DR-P-1 B, and SR-P-1A were revised in accordance with 
Assumptions 4.28 and 4.29. Other minor adjustments were made to data imported 
from Reference 3.2.2, such as for the treatment of loads subject to 'Use Factors".  
Appropriate notes have been added to the Appendix 8.1 tables wherever these 
adjustments have been made.  

5.3 Motor Starting Loads 

Motor Starting Loads are entered into DAPPER as "Special Bus Loads". Input data 
consists of load KW, KVAR, and type (Constant Impedance, per Assumption 4. 1).  
Load KW and KVAR were calculated in Appendix 8.5 based on motor starting currents 
and power factor. References for motor starting current are identified in Appendix 8.5 
along with the starting power factor from Assumption 4.4.  

5.4 Block Sequencing 

Large loads are sequenced onto the ES buses in load blocks shown in Appendix 8.5 
(Reference 3.6.26 through 3.6.35).  

5.5 Grid Voltage 

The critical contingency minimum expected voltage for the TMI 230kV substation is 
224.3 kW. (Reference 3.5.1). The minimum expected voltage at the 230kV substation 
for single transformer operation is 232 kV. (References 3.3.1, 3.5.16) The maximum 
expected voltage at the 230kV substation is 242 kV. (References 3.3.1, 3.5.16)
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5.6 Specific Voltage Criteria for Equipment 

5.6.1 Motors shall have a minimum steady state voltage at their terminals of 90% of 
nameplate voltage rating (Reference 3.7.2, Sections 12.43 and 20.45). For 
4000V rated motors this is 3600V, and for 460V rated motors this is 414V.  
Alternatively, if the steady state voltage is below 90%, the current at the 
reduced voltage shall not exceed the nameplate full load current multiplied by 
the service factor. (Reference 3.3.1, Section 700, paragraph 3.7) 

5.6.2 Motors subject to Block Load Sequencing shall have a minimum of 80% or 75% 
of nameplate voltage rating as listed in Appendix 8.5.  

5.6.3 Reference 3.4.1 specifies a minimum input voltage for the Battery Chargers of 
41 1VAC. However, testing performed by the Battery Charger vendor 
(Reference 3.4.15) established adequate performance with input voltage as low 
as 385 VAC. For conservatism, and to provide margin for manufacturing 
variation in the tested and installed equipment, the minimum input voltage 
criteria will be set at 400 VAC.  

5.6.4 Vital Inverter rated voltage is 480V. Vendor literature (Reference 3.4.2) does 
not provide tolerances for AC input voltage. In accordance with Assumption 
4.9, the Vital Inverter minimum AC input voltage is 400V. The Vital Inverters 
feature automatic AC input overvoltage protection so no criteria is required for 
maximum input voltage. (Reference 3.4.2) 

5.6.5 Hydrogen Analyzer 

The Hydrogen Analyzers receive power from 120 V Vital AC which is outside 
the scope of this calculation, and from 480V ES MCCs 1A and 1B. The MCCs 
supply the analy2er pump motors which are subject to the criteria in Section 
5.6.1 (Reference 3.4.10).  

5.7 Bus Current Rating Criteria 

5000V Bus Duct - BOM TMI-ED, Item No. ED-4 (Reference 3.3.8) specifies bus with 
1200, 2000, 3000, and 4000 amperes capacity, maximum temperature rise 400 C over 40° C ambient. Reference 3.4.7 lists the following actual ampacities for the 5000V 
bus duct:

Subject: Calculation No.  
TMI-1 AC Voltage Regulation Study C-1 101-700-ES1O0-010
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Calvert Rated 65°C 500C 400C 
Figu rmp-s Rise Rise Rise 

B 1200 1200 1037 917 
G 2000 3021 2611 2308 
D 2000 3035 2623 2319 
E 3000 5073 4385 3876 
F 3000 4687 4051 3581 
G 4000 5330 4607 4072 

4160 V Switchgear - BOM TMI-ED, Item No. ED-2 (Reference 3.3.9) specifies the bus 
rating for ES Buses 1 D and I E as 1200 amperes.  

480V Unit Substations I.P., 1R, 1S and 1T- BOM TMI-EE, Item No. EE-1 (Reference 
3.3.10) does not specify a bus rating for the 480V Unit Substations. As an alternative 
the rating of the main breakers will be used, 1600A.  

480 V MCOs - BOM TMI-EG, Item No. EG-5 (Reference 3.3.11) states that main 
incoming vertical and horizontal bus shall be rated 600 amperes minimum, or 1200 
amperes minimum, in accordance with the drawings. Ratings specified on drawings 
are as follows: 

Horizontal Vertical Reference 

ES MCC 1A 1200 600 See Note 1 
ES MCC 1A-V 600 300 3.6.19 
ES MCC 1A-ESF 600 300 See Note 2 
ES MCC IA-SH 1200 600 3.6.21 
ES MCC 1B 1200 600 3.6.18 
ES MCC 1B-V 600 300 3.6.20 
ES MCC 1B-ESF 600 300 See Note 3 
ES MCC 1-SH 600 600 3.6.22 
ES MCC 1C 1200 600 3.6.23 

Note 1. The bus rating is not shown on the applicable drawing (Reference 
3.6.17), assumed to be similar to ES MCC 1 B.  

Note 2. The bus rating is not shown on the applicable drawing (Reference 
3.6.24), assumed to be minimum rating in Reference 3.3.11.  

Note 3. The bus rating is not shown on the applicable drawing (Reference 
3.6.25, assumed to be minimum rating in Reference 3.3.11.



02/16/00 13:00:32

CALCULATION SHEET 
NG U (Ref. EP-006T) 
NUJCL EAR 

Subject: Calculation No. Rev. No. System Nos. Sheet 
TMI-1 AC Voltage Regulation Study C-1101-700-ESIO-010 2 700 38 of 77 

5.8 Model Validation Field Measurements 

Field measurements used as inputs for the Model Validation Case were taken from 
Special Test Procedure STP 1-98-034 (Reference 3.1.5). Feeder load and voltage 
measurements are summarized in Table 7.2.10-1.  

5.9 MOV Loads 

MOV loads are taken from Calculation C-1101-730-5350-001 (Reference 3.2.6), and 
are tabulated in Appendix 8.8.  

5.10 Degraded Voltage Relay Calibration Procedure 

The setpoints for the Degraded Voltage Relay are given in Surveillance Procedure 
1302-5.31A (Appendix 8.4, Reference 3.2) as follows: 

Dropout Setting: 62.02 V (61.96 V to 62.08 V) 
Pickup Setting: 62.33 V (62.27 V to 62.39 V) 

5.11 Additional Design Inputs are defined in Appendix 8.4, Determination of Degraded 
Voltage Relay Tolerances 

6.0 Overall Approach and Methodology 

6.1 Computer Program Descriptions 

The DAPPER computer code version 3.5 (Reference 3.8.1) was utilized to perform 
voltage drop analyses in this calculation. DAPPER stands for "Distribution and 
Analysis for Power Planning, Evaluation and Reporting." The program is the product 
of SKM Systems Analysis, Incorporated locatedin Manhattan Beach, California. The 
executable file is-entitled LGODAP1. It is 103968bytes in length and dated 8127/91, 
1:12 PM. The program is controlled by Engineering Division Procedure EP-007, 
(Reference 3.1.21) which meets the requirements of Corporate Procedure 1000-ADM
1230.10 (Reference 3.1.22) and is on the software master list (CCP-PAR-61).  
DAPPER contains several integrated engineering tasks, of which two are used for this 
study; the DAPPER Demand Load Analysis (DLA) Program, and the Load Flow and 
Voltage Drop (VDSTUDY) program. Data inputs to the DAPPER program are 
described in Section 5 above.  

Input data and output data was processed and analyzed using Microsoft Excel 
(Reference 3.8.2) spreadsheets. Spreadsheets are used to document results of 
simple or straightforward mathematical functions and all formulas and equations are 
described in the text of the calculation and all entries and results will be verified line by
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line during the design verification process. As such there is no need to include this in 
the computer configuration control. Formulas used to calculate numerical results 
displayed in the appendix spreadsheets are identified as follows: 

Appendix 8.1 

KVA[R = [K 2 _ KW21 

For Individual loads: KVA=[(KWP + (KVAR) 2]'2 

For column totals, KW, KVAR, and KVA were calculated by summation of the column.  
Power Factor was calculated as follows: 

PF=KW/KVA 
Appendix 8.5 

YA 3 x VOLTS x LRA 
1000 

KW=KVA x PF 

KVAR=(KVA 2-KwA)1 2 

Appendix 8.8 

KYA = J3 x 460 x FLA or, KVAi= •f3 x 460 x LRA 1000 1000 

Total KVA was calculated by summation of the KVA column.  

Appendix 8.10 

Tables 3A, 3B, 4A, 4B, 8A, 8B 

The DAPPER Voltdrop program reports load current results to the nearest ampere. In 
order to calculate a more exact value of load current for the alternate current criteria 
test (Section 5.6.1), actual load current was calculated from the DAPPER voltage 
results as follows: 

= 1000 x KVA 
V3 x VOLTS
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6.2 Case Descriptions 

The following cases were determine to be necessary to establish a basis for the safe 
and orderly operation of the plant electrical distribution system, or to provide 
information for various proposed changes. Detailed Case Descriptions which define 
inputs for the various computer model cases are provided in Appendix 8.3.  

Cases 1A. 1 B - Normal Grid, Two Transformer, 100% Power Operation 

Purpose: Establish acceptability of transformer normal tap settings for two 
transformer alignment, normal operation, and normal grid voltage 

Loading: Normal loads for 100% power operation 
Alignrrment: Two cases, Red Train and Green Train, normal alignment 
Voltage: Normal Grid, 235KV 
Criteria: Adequate voltage is available at the terminals of all NSR equipment 

Case 2A, 2B - Minimum Grid, Two Transformer, 100% Power Operation 

Purpose: Establish acceptability of transformer normal tap settings for two 
transformer alignment and critical contingency minimum expected 
substation voltage 

Loading: Normal loads for 100% power operation 
Alignment: Two cases, Red Train and Green Train, normal alignment 
Voltage: Bounding Value for Critical contingency minimum expected substation 

voltage (223.3 KV, Assumption 4,31) 
Criteria: Separation from offsfte power does not occur due to 230KV system 

degraded grid voltage (critical contingency), two transformer operation 
and maximum plant loading.  
Adequate voltage is available at the terminals of all NSR equipment 
Buses are loaded within their design ratings 

Case 3A, 3B - Minimum Grid, One Transformer. Fast Transfer of BOP Loads 

Purpose: Establish maximum BOP and ES bus loading for minimum expected grid 
voltage (232KV), normal power operation, fast transfer of BOP loads.  
Establish loading limits for' grid voltages below minimum expected grid 
voltage 

Loading: Maximum loading consistent with preventing grid separation following 
fast transfer 

Alignment: Two cases, 1A and 1 B Aux Transformers each supply the entire Turbine 
Plant and Reactor Plant load and one ES bus
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Voltage: Minimum expected single transformer substation voltage (232KV), and 
selected values of grid voltage below the minimum expected grid 
voltage, maximum degraded Voltage Relay pickup voltage on ES bus 

Criteria: Separation of both ES buses from offsite power does not occur due to 
minimum expected substation voltage, normal plant loading, fast transfer 
of BOP loads to single transformer 
Separation of both ES buses from offsite power does not occur due to 
less than minimum expected substation voltage, reduced plant loading, 
fast transfer of BOP loads to single transformer 
Adequate voltage is available at the terminals of all NSR equipment 
Buses are loaded within their design ratings 

These cases determine the maximum Turbine Plant and ES bus loading achievable on 
a single transformer for minimum expected grid voltage of 232KV and normal power 
operation and determine acceptable loading levels for grid voltages below the 
minimum expected grid voltage. These cases also determine the minimum voltage 
available to NSR equipment during normal operation since the loading and grid 
voltage constraints used for this case will assure a voltage on the ES buses at least 
equal to the maximum degraded Voltage relay pickup voltage during normal operation 
(Assumption 4.14).  

Case 4A, 4B - Short Term Post LOCA 

Purpose: Establish acceptability of DVR dropout (trip) setting to protect equipment 
for the period following a LOCA and prior to operator actions to improve 
voltage 

Loading: Maximum LOCA loading 
Alignment: *Two cases, lA and 1 B Aux Transformers, four 4KV buses on each 

transformer (single transformer alignment) 
Voltage: Degraded Voltage Relay Minimum Dropout setting on 4kV ES bus 
Criteria: Adequate voltage is available at the terminals of all NSR equipment 

Busses are loaded within their design ratings 

Case 4BEQ - Short Term Post LOCA With Accident Cable Temperature 

Purpose: Determine the effect of elevated conductor temperatures due tQ high 
ambient temperatures caused by accidents 

Loading: Same as Case 46 
Alignment: Same as Case 46 
Voltage: Same as Case.4B 
Criteria : Same as Case 4B
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Case 4BNS - Short Term Post LOCA, One NS Pump Running

Purpose: 
Loading: 

Alignment: 
Voltage: 
Criteria:

Establish capability of a single NS pump in run out operation 
Maximum LOCA loading except only one NS pump running, run out HP 
based on one pump operating 
Same as Case 4B 
Same as Case 46 
Adequate voltage is available at the terminals of the running NS pump

Cases 5A-1 S through 5B-5R, Minimum Grid, Two Transformer, LOCA Motor Startinrt 

Purpose: Establish acceptability of transformer normal tap settings for two 
transformer alignment, minimum expected grid voltage, and LOCA Block 
Loading 

Loading: Normal BOP loads for 100% power operation with incremented post trip 
load reduction, LOCA loading with sequenced LOCA block loads 
including MOV loads, two cases for each LOCA block load, transient and 
recovery 

Alignment: Two cases, Red Train and Green Train, normal two transformer 
Voltage: Bounding value for Critical .contingency minimum expected substation 

voltage (223.3 KV, Assumption 4.31) 
Criteria: Adequate voltage is available at the terminals of all NSR equipment 

Separation from offsite power does not occur due t6 230KV system 
degraded grid voltage (critical contingency), two transformer operation 
and LOCA block loading 
Busses are loaded within their design ratings 

Cases 6A-1 S throu h 6B-5R - Minimum Grid, One Transformer, LOCA Motor Starting 

Purpose: Establish acceptability of transformer normal tap settings for one 
transformer alignment, minimum expected grid voltage, and. LOCA Block 
Loading 

Loading: Normal BOP loads for 100% power operation with incremented post trip 
load reduction, only one ES bus aligned to transformer, LOCA loading 
with sequenced LOCA block loads including MOV loads, two cases for 
each LOCA block load, transient and recovery 

Alignment: Two cases, 1A and 1 B Aux Transformers each supply the entire Turbine 
Plant and Reactor Plant load and one ES bus 

Výoltage: Minimum expected single transformer substation voltage (232KV) 
Criteria: Adequate voltage is available at the terminals of all NSR equipment 

Separation from offsite power does not occur due to minimum expected 
substation voltage, single transformer operation (automatic) and 
maximum plant loading
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Busses are loaded within their design ratings 

Cases 7A. 7B - LOCA Block Load Sequencing Minimum Recovery Voltage 

Purpose: Establish minimum bus voltages for GL 89-10 degraded grid analysis 
Loading: Normal BOP loads for 100% power operation with incremented post trip 

load reduction, LOCA loading with sequenced LOCA block loads 
including MOV loads, one case for each LOCA block load, recovery after 
block start 

Alignment: Two cases, Red Train and Green Train, normal two transformer 
Voltage: Degraded Voltage Relay Minimum Pickup setting on the 4kV ES bus 
Criteria: N/A 

For Block 1, MOV loading is assumed to consist of all MOVs on each MCC running 
along with the largest MOV on each MCC starting (Assumption 4.18 and 4.19). The 
same loading is assumed for Blocks 2 through 5 for all MCCs except 1AESV and 
1 BESV which supply MOVs FW-V-5A and FW-V-5B respectively. Since these large 
MOVs are assumed to start in Block I and to continue run, only running loads are 
assumed for MCCs 1AESV and 1 BESV. This methodology bounds restarting the 
largest MOV on all buses, except 1AESV and 1 BESV, for each load block.  

Cases 8A, 8B - Long Term Post LOCA 

Purpose: Establish acceptability of 480V ES Bus Low Voltage Alarms 
Loading: Post LOCA loading including automatic and manually applied loads and 

manual load shedding 
Alignment: Two cases, 1A and I B Aux Transformers, four 4KV buses on each 

transformer (single transformer alignment) 
Voltage: 480V ES Bus Alarm Setpoint of 423 V on Buses 1 P and IS.  
Criteria: Adequate Voltage is available at the terminals of all NSR equipment.  

Busses are loaded within their design ratings 

Cases 9A-9B - Minimum Grid, Tap Change 

Purpose: Establish maximum BOP and ES bus loading for minimum expected grid 
voltage (232KV) during tap change operations 

Loading: Maximum loading consistent with preventing grid separation during tap 
change operations 

Alignment: Two cases, 1 A and 1 B Aux Transformers each supply the entire Turbine Plant and Reactor Plant load and both ES buses 
Voltage: Minimum expected single transformer substation voltage (232KV)

Subject: Calculation No.  
TMI-1 AC Voltage Regulation Study C-1101-700-E51 0-010
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Criteria: Separation of either ES bus from offsite power does not occur due to 
minimum expected substation voltage, single transformer operation with 
startup tap setting, and maximum plant loading during tap changes 
Adequate voltage is available at the terminals of all NSR equipment 
Busses are loaded within their design ratings 

As noted in Assumption 4.6, only one ES train is fully modeled, with the alternate train 
represented by a lumped load on the 4 KV bus approximated by its normal load less 
the following swing loads: 

Bus 4480 for 1 C-ESVCC 
Bus 5040 for MU-P-1 B 

Case 10 - Model Validation 

Purpose: Verify analytical techniques and assumptions used in the voltage 
analyses 

Loading: Actual loading from field measurements, minimum of 30% of normal bus 
loading 

Alignment: Green train only, buses for which measured load data was taken and 
their upstream feeders modeled, other loads and buses are represented 
by lumped loads applied to the modeled buses to achieve the total 
loading observed in the field 

Voltage: Actual substation voltage present during field measurements 
Criteria: Analytical results no more than 3% lower than field measurements, with 

negative result applied as margin to other analytical cases as appropriate 

6.3 Voltage Constraints 

Each of the models described above includes a voltage constraint as part of the case 
description. In some cases a grid voltage is selected based on an assumed operating 
condition and the downstream voltages are examined to determine whether a 
equipment ratings or a relay setpoint has been exceeded. In other cases, grid voltage 
or bus loading is varied by trial and error to achieve a specific voltage on the ES bus 
which represents an extreme limit of relay setting tolerance. In these cases either the 
resultant upstream grid voltage and/or the downstream equipment terminal voltages 
are compared to the specific acceptance criteria for that case.  

Voltage constraints for Long Term Post LOCA Cases 8A, and 8B are based on the 
nominal 480 V bus undervoltage alarm setpoint of 423 V which prompt manual 
operator actions (Assumption 4.25).
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Criteria that utilize degraded .voltage relay setpcints are subject to tolerances which 
were determined in Appendix 8.4. Tolerances were calculated for both the dropout 
and the pickup setpoints and are applied as follows: 

6.3.1 Minimum Dropout Setting -This parameter establishes the minimum 4160V ES 
bus voltage that could occur without grid separation and determines the 
minimum voltage available to components during steady state bus operation. It 
is calculated by adding the channel error associated with the dropout setting to 
the nominal dropout setpoint. (See Section 7.1.1).  

6.3.2 Maximum Pickup Setting - This parameter determines the highest voltage at 
which grid separation could occur following relay dropout, such as during LOCA 
Block Sequencing. It is calculated by adding the channel error associated with 
the maximum pickup setting to the nominal pickup setpoint. (See Section 
7.1.2).  

6.3.3 Minimum Pickup Setpoint - This parameter is the minimum ES bus recovery 
voltage that could occur during LOCA Block Sequencing without resulting in 
grid separation. It is used to determine minimum voltages available to start 
and run MOVs. It is calculated by adding the channel error associated with the 
minimum pickup setting to the nominal pickup setpoint. (See Section 7.1.3).  

7,0 Calculations 

7.1 Determination of Degraded Voltage Relay Setpoints 

7.1.1 Calculation of Minimum Dropout Setting 

Nominal Dropout Setpoint 62.02V Section 5.10 

Channel Error Associated -0.54V Appendix 8.4 
with Dropout Setting 

Minimum Dropout 61.48V Sum 

Converting line to neutral voltage and multiplying by the PT ratio results in the 
4160V ES bus voltage to be used for DAPPER input:

61.48 X 1.7321 X 35 = 3727V = Minimum Dropout Voltage
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7.1.2 Calculation of Maximum Pickup Setting

Nominal Pickup Setpoint 

Positive Channel Error 
Associated with 
Pickup Setting 

Maximum Pickup

62.33V Section 5.10 

+0,45V Appendix 8.4

62.78V Sum

Converting line to neutral voltage and multiplying by the PT ratio results in the 
4160V ES bus voltage to be used for DAPPER input: 

62.78 X 1.7321 X 35 = 3806V = Maximum Pickup Voltage 

7.1.3 Calculation of Minimum Pickup Setting

Nominal Pickup Setpoint 

Negative Channel Error 
Associated with 
Pickup Setting 

Minimum Pickup

62,33V Section 5,10 

-0.38V Appendix 8.4 

61.95V Sum

Converting line to neutral voltage and multiplying by the PT ratio results in the 
4160V ES bus voltage to-be used for DAPPER input: 

61.95 X 1.7321 X 35 = 3756V = Minimum Pickup Voltage 

7.2 DAPPER Computer Studies 

The raw results of the DAPPER computer studies for the cases defined in Section 6.2 
are provided in Appendix 8.9. A partial tabulation of those results is provided in 
Appendix 8.10 as discussed below.  

Equipment Termin2l Voltaces 

Acceptance criteria for most of the cases in this study included the requirement that 
adequate voltage be present at the terminals of NSR equipment. A review of the case 
definitions in section 6 and the DAPPER results showed that the limiting cases for 
minimum equipment terminal voltage were Cases 3A and 3B for the normal operation
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scenarios and Cases 4A and 4B for the Short Term Post LOCA scenarios. ThIs is 
because these cases employed the lowest voltages on the 41 60V ES bus voltages, 
3806 V and 3727 V respectively. In general, if the voltage criteria was met for one of 
these cases, it was satisfied for all of the other cases as well. Further, if the voltage 
criteria was met for LOCA Cases 4A and 4B, it was also met for normal operation 
Cases 3A and 3B.  

In evaluating motor terminal voltage results, if the primary acceptance criteria of 90% 
of rated voltage was not met, then the alternate current critetia described in section 
5.6.1 was applied. If the alternate acceptance criteria was not met, then the loads 
were individually evaluated with respect to their actual operating requirements to 
determine if the voltage deficits were detrimental to system operation. In certain cases 
temporary low voltage during the Short Term Post LOCA period; modeled by Cases 
4A and 4B, was considered acceptable. In these cases voltage within the primary or 
alternate acceptance criteria was demonstrated for the longer term modeled in Cases 
8A and 86.  

The results for Cases 3A, 36, 4A, 46, 8A, and 8B, are tabulated in Appendix 8.10, 
Tables 3A, 36, 4A, 4B, 8A, and 8B. These tables also include calculation of the 
alternate acceptance criteria based on service factor current described in Section 
5.6.1. In addition to the*NSR loads listed in the Appendix 8.10 tables, there are 
several other bus voltages reported in the Appendix 8.9 DAPPER printouts. This is 
because the Impedance Model (Reference 3.2.1) provided separate DAPPER buses 
for several non-safety buses and loads, and created DAPPER buses for certain 
interconnection points. The voltages reported for these buses are generally not of 
interest to this study but were included in the summary tables in Appendix 8.10 for 
convenience. The acceptance criteria for these loads was listed as "N/A".  

The interpretation of specific case results is as -follows: 

7.2.1 Cases 1A, 1B - Normal Grid, Two Transformer, 100% Power Operation 

The DAPPER'reports for these cases are provided in Appendix 8.9. All NSR 
equipment have voltage near to their rated values, and satisfy the acceptance 
criteria in Sections 1.3, 5.6, and 6.3 of this calculation.  

7.2.2 Case 2A, 2B - Minimum Grid, Two Transformer, 100% Power Operation 

The DAPPER reports for these cases are provided in Appendix 8.9, and partial 
results are tabulated in Appendix 8.10 Tables A and .B. Separation from offsite 
power does not occur due to 230KV system degraded grid voltage (single 
contingency), two transformer operation and maximum plant loading for 100% 
power operation. The results for Case 2A showed that the minimum voltage
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that would occur on Bus 1 D would be 3924 V vs. 3806 V minimum, with a 
bounding value for single contingency minimum expected grid voltage of 223.3 
kV. The results for Case 2B showed that the minimum voltage that would occur 
on Bus 1 E would be 3834 V vs. 3806 V minimum. These results demonstrate 
ample margin to accommodate small, infrequent excursions above the Turbine 
Plant Bus loading values adopted in Assumption 4.3,3.  

All NSR equipment have voltage above their minimum required values listed in 
Section 5.6 except as follows: 

Case 2B 5226 AH-E-19B 41 IV vs. 414V required 
Case 2B 5232 AH-E-29B 406V vs. 414V required 
Case 2B 5233 AH-E-24B 407V vs. 414V required 
Case 2B 5229 1 B-DG-SKID 402V vs. 414V required 
Case 2B 5240 NS-P-l C 412V vs. 414V required 

All of the motor loads passed the alternate current criteria for the worst case 
voltages postulated by Case 4B as shown in Appendix 8.10, Table 4B, and so 
are acceptable. EDG skid component results are bounded by the results of 
Case 3B and are discussed in Section 7.3, where they were determined to be 
acceptable.  

7.2.3 Case 3A, 3B - Minimum Grid, One Transformer, Fast Transfer of BOP Loads 

The DAPPER reports for these cases are provided in Appendix 8.9, and partial results are tabulated in Appendix 8.10 Tables A and B. These cases determine 
the maximum Turbine Plant and ES bus loading achievable on a single 
transformer for minimum expected grid voltage'of 232KV and normal power 
operation. They also determine the minimum voltage available to NSR 
equipment during normal operation (Assumption 4.14).  

Loading Limits 

Determination of maximum loading was accomplished by performing DAPPER 
runs with normal single transformer loads on Turbine Plant Buses 1 B and 1C 
while the load on Turbine Plant Bus 1A was adjusted to achieve 3806V on the 
ES bus. These cases evaluate the condition where the maximum Turbine Plant 
and Reactor Plant Loads in addition to one ES Bus are supplied by a single 
transformer, during normal operation, such as could occur following the sudden 
loss of one transformer and the fast transfer of BOP loads to the remaining 
transformer. Two cases were run, Case 3A where ES Bus 1 D loads were 
connected to the transformer, and Case 36 where ES Bus 1 E loads were 
connected to the transformer. In each case, the total TP Bus 1A load was
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varied until a voltage of 3806 V occurred on the ES bus. The results of Case 
3A showed the following allowable Turbine Plant loading: 

Case 3A Turbine Plant Loading 

(1000)TP Bus IA 10800 KVA 
(2000)TP Bus 1B 5692 KVA 
(3000)TP Bus 1C 9230 KVA 

This represents a total allowable TP load of approximately 25,722 KVA, which 
is greater than the assumed limit of 24,300 KVA for single transformer operation 
(Assumption 4.3.5). Therefore, for a maximum TP loading of 24.3 MVA, a 
switchyard voltage of 232 KV is adequate to assure a minimum voltage of 3806 
V on ES Bus I D, and preclude separation of the ES bus on fast transfer of BOP 
loads to Aux Transformer 1 B.  

Case 3B Turbine Plant Loading 

(1000)TP Bus IA 9050 KVA 
(2000)TP Bus I B 5692 KVA 
(3000)TP Bus IC 9230 KVA 

This represents a total TP load of approximately 23,972 KVA, which is less than 
the assumed limit of 24,300 KVA for single transformer operation (Assumption 
4.3.5). It is also ress than the value determined for the ES Bus 1 D model in 
Case 3A (25,722 KVA) and so it represents the limiting case. Therefore, for 
minimum expected grid voltage of 232 KVA, TP loading would have to be 
limited to 23,972 KVA to assure ES Bus 1 E would not be separated from the 
grid in case of the sudden loss of Auxiliary Transformer 1 B.  

Additional cases were run to determine the amount of load reduction required 
for various levels turbine plant loading, and to validate the switchyard voltage 
alarm setpoint of 232.4 kV (Reference 3.1.9). Since the limiting case for turbine 
plant loading occurs when fast transfers are made from Auxiliary Transformer 
1 B to Auxiliary Transformer 1A, these additional cases were based on the Case 
3B lineup. Cases were run at three different loading levels to supplement the 
data obtained in Case 3B, and to provide four points for plotting a graph. The 
raw results of the DAPPER computer studies for these cases Appendix 8.9.  
The results are interpreted as follows: 

Case 3B1 showed that a TP Bus 1A load of 9500 KVA would result in a 
Vdltage of 3806V on 4160V ES Bus 1 E, for a switchyard voltage of 232.4 
kV. This results in a total TP Bus load of 9500 + 5692 + 9230 = 24,422

(Žp ~,CALCULATION SHEET 
NGUCLA (Reif. EP-OOGT)

Subject: Calculation No.  
TMI-1 AC Voltage Regulation Study C-I01-700-E. E0-010
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KVA. The permissible loading for preventing grid separation is greater than the limit of 24,300 KVA thus validating the 232.4 kV alarm setpoint.  

a Case 3B2 showed that a TP Bus 1A load of 6850 KVA would result in a Voltage of 3806V on 4160V ES Bus 1 E, for a switchyard voltage of 230.0 
kV. This results in a total TP Bus load of 6850 + 5692 + 9230 = 21,772 
KVA.  

* Case 3B3 showed that a TP Bus 1A load of 4600 KVA would result in a Voltage of 3806V on 4160V ES Bus 1 E, for a switchyard voltage of 228.0 
kV. This results in a total TP Bus load of 4600 + 5692 + 9230 = 19,522 
KVA.  

The results of these DAPPER runs are summarized in Table 7.2.3, in addition 
to the data point derived from Case 3B.  

TABLE 7.2.3

The data points in Table 7.2.3 have been plotted in Chart 7.2.3, which is 
contained in Appendix 8.11. As can be seen from the chart, the relationship between 230 kV switchyard voltage and maximum TP load is approximately 
linear. Therefore, the points on the straight lines between the calculated data 
points may be taken as limits of acceptable operation. It follows that the region 
above the plotted line represents combinations of loading and voltage that present a risk of grid separation in case of the sudden loss of an auxiliary transformer, while the region below the plotted line represents combinations 
where grid separation due to action of the degraded voltage relay scheme is 
effectively precluded.  

5000V Bus- Duct Current 

The results of Case 3A showed that the 5000V bus duct sections immediately downstream of Auxiliary Transformer 1B (DAPPER Bus 40 to 41) could be

[

2 30 kV M X M M T CASE SWITCHYARD MOAXIMUM T 
VOLTAGE (KV) LA MA 

383 228.0 19.522 
_33B2230.0 21.772 

313 232.0 23.972 
3 B1 2.32.4 24.422



02/16/00 13:00:32

CALCULATION SHEET 
NUCLEAR (Ref. EP-006T) 

Subject: Calculation No. Rev. No. System Nos. Sheet 
TMI-1 AC Voltage Regulation Study C-1 101-700-E510-010 2 700 51 of 77 

subjected to current in excess of their 4Q0 C rating of 4072 amperes, during 
single transformer operation and a TP load of approximately 25,722 KVA.  
However, this loading is greater that the assumed TP loading limit of 24.3 
MVA, and so is not expected. An additional case (3A-SUP) was run with the 
proposed TP loading limit of 24.3 MVA and Switchyard voltage of 232.4 K\<.  
This case showed that 5000V bus duct current was limited to 4075 A which is 
only slightly above the 4Q0 C rating. Since higher currents are permitted at 
different temperature ratings, this result is considered acceptable by 
engineering judgement.  

Equipment Terminal Voltages 

Motor loads were evaluated with respect to the 90% voltage criteria and the 
alternate acceptance criteria based on full load current described in section 
5.6.1. A voltage of 3806 V on the 4160V ES buses results in less than 90% of 
rated voltage at several motor loads. Each of the motor loads passed the 
alternate current criteria as shown in Appendix 8.10, Tables 3A and 3B. Non
motor loads including the Inverters and Battery Chargers passed the voltage 
criteria given in sections 5.6.3 and 5.6.4.  

7.2.4 Case 4A, 4B - Short Term Post LOCA 

The DAPPER reports for these cases are provided in Appendix 8.9, and partial 
results are tabulated in Appendix 8.10 Tables A and B. Two cases, 4A and 4B, 
were run to determine voltages at the terminals of NSR equipment during LOCA 
steady state conditions following the completion of block load sequencing, and 
prior to manual operator actions to apply or remove loads. During this period, 
4160V ES bus voltage is modeled to be at the minimum degraded voltage relay 
dropout setting of 3727 V. Motor loads were evaluated with respect to the 90% 
voltage criteria and the alternate acceptance criteria based on full load current 
described in section 5.6.1. Non-motor loads were evaluated with respect to 
criteria provided in sections 5.6.3 and 5.6.4. Loads tabulated in Tables 7.2.4-1 
and 7.2.4-2 did not pass the primary or alternate criteria (Appendix 8.10, Tables 
4A and 4B) and are evaluated in Section 7.3.
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TABLE 7.2.4-1 
CASE 4A LOADS THAT DO NOT PASS CRITERIA 

TAG NO DAPPER ACCEPTANCE DAPPER % 
BUS CRITERIA VOLTAGE VOLTAGE 

DEFICIT 

MU-P-4A 4424 414 405 -2.2% 
AH-E-29A 4443 414 391 -5.6% 
DF-P-1A 4446 414 406 -1.9% 
AH-E-95A 4447 414 406 -1.9% 
AH-E-18A 4449 414 403 -2.7% 

NR-S-IB 4487 414 401 -3.1% 
MU-P-4B 4488 414 405 -2.2% 

TABLE 7.2.4-2 
CASE 4B LOADS THAT DO NOT PASS CRITERIA 

TAG N DAPPER ACCEPTANCE DAPPER % 
BUS CRITERIA VOLTAGE VOLTAGE 

DEFICIT 

NR-S-1 B 4487 414 400 -3.4% 
MU-P-4B 4488 414 404 -2.4% 
AH-E-95B 5224 414 405 -2.2% 
DF-P-tC 5225 414 404 -2.4% 
AH-E-18B 5228 414 398 -3.9% 

MU-P-4C 5284 414 403 -2.7% 

DR-P-1B 5440 414 4131 -0.2%

CALCULATION SHEET 
NUCU EAR (Ref. EP-006T) 
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Supflemental Case 4BEQ 

Supplemental Case 4BEQ was run to determine the effect of elevated 
conductor temperatures due to high ambient temperatures caused by 
accidents. All inputs and conditions for this case were identical to Case 48 
except the resistance value for Motors AH-E-1 C and EF-P-2B, which were 
changed to reflect a 1300C conductor temperature in lieu of the 750C 
temperature (Assumption 4.15). The cables subject to accident temperatures 
for both AH-E-1C (DAPPER Bus 4490) and EF-P-2B (DAPPER Bus 5010) are 
a size 4/0 power cable with a 750C resistance of 0.0658 ohms/1 000 ft.  (Appendix 8.7.1 of Reference 3.2.1). Only the portion of the feeder cable inside 
the containment for AH-E-1 C is considered as being subject to the accident 
temperature. Resistance at 1300C is determined as follows using the 
resistance conversion formula given in Reference 3.7.3.  

R2 =R, x[ 234. 5+fT2l R2=, 234.5 +T 

Where: 
R1 =0,0658 
T1=751C.  
T2=1300C 

Substituting and calculating: 

0 r0658x[234.5+1301 R2. 234.5+75 J0.075 

The results of Case 4BEQ are compared with case 4B as follows: 

Load Bus Case 4BEQ Case 4B 
AH-E-1C 4490 402V 403V 
EF-P-2B 5010 3723V 3723V 

The effect of accident temperature effects was about the same or less than the 
resolution of the DAPPER program, which rounds voltage results to the nearest 
volt. It was therefore concluded that the accident temperature effects on cable 
resistance for the motors considered here are negligible.
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Supolemental Cases 4BNS 

This case evaluates the condition where one NS pump is operating in run out 
with no other NS pumps running. This represents the most severe loading on a 
NS pump. Since the total loading on the 480V ES bus is less than for Case 4B, 
the Case 4BNS voitages at loads other than the NS pump are bounded by that 
case. Therefore only the voltage at the running NS pump is of interest.  

Case 43NS (Appendix 8.9) shows that the voltage at NS-P-IC (Bus 5240) is 
398V with a current of 169A. At 398V terminal voltage, NS-P-1 C fails the 90% 
terminal voltage criteria (414 V) and also fails the ACC (169A actual vs. 161A 
maximum per Appendix 8.10 Table 4B). This condition is evaluated in Section 
7T3.  

7.2.5 Cases 5A-1S through 5B-5R, Minimum Grid, Two Transformer, LOCA Motor 
Starting 

The DAPPER reports for these cases are provided in Appendix 8.9. The 
starting voltages for all block loads are summarized in Tables 7.2.5-1 and 7.2.5
2 and final recovery voltages determined by cases 5A5R and 5B5R are 
tabulated in Appendix 8.10 Tables A and B. The terminal voltage for all block 
loads satisfied the acceptance criteria listed in Appendix 8.5 for the two 
transformer Block Load Sequencing Cases. The steady state running voltages 
for certain motors after the completion of block loading was below the 90% 
terminal voltage criteria established in Section 5.6.1 (See Appendix 8.10 Tables 
A and B). However, these cases are bounded by the more limiting results of 
Case 4, which are discussed in Sections 7.2.4 and 7.3. Non-motor loads 
including the Inverters and Battery Chargers passed the voltage criteria given in 
sections 5.6.3 and 5.6.4. In all cases the 4kV ES Bus voltage recovered above 
the Degraded Voltage Relay maximum reset setpoint of 3806V after all starting 
transients (3903V for Case 5A5R and 381 DV for Case 5B5R).
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Table 7.2.5-1 
Red Train Two Transfotmer Block Loading 

TAG NO. DAPPER BLOCK VOLTS STARTING DAPPER CASE 
BUS (RUN) VOLTAGE RESULTS 

CRITERIA 
MU-P-1A 4030 1 4000 80% 3200 3754 5A-1 S 
DH-P-1A 4020 1 4000 80% 3200 3761 SA-1S 
SR-P-1A 4650 1 460 80% 368 413 5A-1S 

RR-P-1A 4050 2 4000 75% 3000 3835 5A-2S 
AH-E-1A 4445 2 460 80% 368 404 5A-2S 
AH-E-1C 4490 2 460 80% 368 403 5A-2S 

DR-P-1A 4640 3 460 75% 345 396 5A-3S 
DC-P-1A 4460 3 460 75% 345 379 5A-3S 
NS-P-1 B 5270 3 460 75% 345 372 5A-3S 
NR-P-1 B 5470 3 460 75% 345 389 5A-3S 

BS-P-1A 4040 4 4000 80% 3200 3866 5A-4S 

EF-P-2A 4010 5 4000 75% 3000 3847 5A-5S 

Table 7.2.5-2 
Green Train Two Transformer. Block Loading 

TAG NO. DAPPER BLOCK VOLTS STARTING DAPPER CASE 
BUS (RUN) VOLTAGE RESULTS 

CRITERIA 
MU-P-1C 5030 1 4000 80% 3200 3670 5B-1S 
DH-P-1 B 5020 1 4000 1 80% 3200 3676 5B-1S 

RR-P-1 B 5060 2 4000 75% 3000 3744 5B-2S 
AH-E-tB 5223 2 460 80% 368 391 51-2S 
AH-E-1C 4490 2 460 80% 368 392 15B-2S 

DR-P-1 B 5440 3 460 75% 345 385 5B-3S 
DC-P-1 B 5260 3 460 75% 345 366 15B-3S 
NS-P-1B 5270 3 460 75% 345 364 51B-3S 
NR-P-1B 5470 3 460 75% 345 383 5B-3S 

BS-P-1B 5050 4 4000 80% 3200 3773 5B-4S 

EF-P-2B 5010 5 4000 75% 3000 3753 5B-5S

I

I



02/16/00 13:00:32

• U CALCULATION SHEET 
NUCLEAR (Ref. EP-OO6T) 

Subject: Calculation No. Rev. No. System Nos. Sheet 

TMI-1 AC Voltage Regulation Study C-1101-700-E510-010 2 700 56 of 77 

7.2.6 Cases 6A-1S through 6B-5R - Minimum Grid, One Transformer, LOCA Motor 
Starting 

The DAPPER reports for these cases are provided in Appendix 8.9. The 
starting voltages for all block loads are summarized in Tables 7.2.6-1 and 7.2.6
2 and final recovery voltages determined by cases 6A5R and 665R are 
tabulated in Appendix 8.10 Tables A and B.  

The starting terminal voltage for all block loads satisfied the acceptance criteria 
listed in Appendix 8.5 for the single transformer Block Load Sequencing Cases.  
The steady state running voltages for certain motors after the completion of 
block loading was below the 90% terminal voltage criteria established in Section 
5.6.1 (See Appendix 8.10 Tables A and B). However, these cases are bounded 
by the more limiting results of Case 4, which are discussed in Sections 7.2.4 
and 7.3. Non-motor loads including the Inverters and Battery Chargers passed 
the voltage criteria given in Sections 5.6.3 and 5.6.4. In all cases the 4kV ES 
Bus voltage recovered above the Degraded Voltage Relay maximum reset 
setpoint of 3806V after starting transients. Final recovery voltage after 
sequencing was 3856 V vs. 3806 V required for ES Bus 1 D (Case 6A5R) and 
3824 V vs. 3806 V required for ES Bus 1 E (Case 685R).
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Table 7.2.6-1 
Red Train Single Transformer Block Loading

TAG NO. VOLTS STARTING DAPPER CASE
STARTING 
VOLTAGE

MU-P-1A 4030 1 4000 80% 13200 3689 [6A-1S 
DH-P-1A 4020 1 4000 80% f3200 3695 ,6A-1S 
SR-P-lA 4650 1 460 80% 368 405 r6A-S 

RR-P-1A 4050 2 4000 75% 3000 3775 6A-2S 
AH-E-1A 4445 2 460 80% 368 398 6A-2S 
AH-E-1 C 4490 2 460 80% 368 396 6A-2S 

DR-P-1A 4640. 3 460 75% ]%345 391 6A-3S 
DC-P-1A 4460 3 460 75% 345 374 6A-3S 
NS-P-1 B 5270 3 460 75% 345 367 6A-3S 
NR-P-1B 5470 3 460 75% 345 384 16A-3S 

BS-P-1A 4040 4 4000 80% 3200 3817 6A-4S 

EP-P-2A 4010 5 4000 75%- 30 0 0  3798 6A-5S 

Table 7.2.6-2 
Green Train Single Transformer Block Loading 

TAG NO. DAPPER BLOCK VOLTS STARTING DAPPER CASE 
BUS- (RUN) VOLTAGE RESULTS 

_____CRITERFA 

MU-P-IC 5030 1 4000 80% 3200 3660 .B-IS 
DH-P-IB 5020 1 4000 80% 3200 3666 8B-1S 

RR-P-1B 5060 2 4000 75% 3000 3740 6B-2S 
AH-E-1 B 5223 2 460 80% 368 391 68-2S 
AH-E-1 C 4490 2 460 80% .1368 391 6B-2S 

DR-P-1B 15440 3 460 75% 345 385 68-3S 
DC-P-1B 5260 3 460 75% 345 367 6B-3S 
NS-P-1B 5270 3 460 75% 345 364 6B-3S 
NR-P-1 B 5470 3 460 75% 345 383 6B-3S 

BS-P-1B 5050 4 4000 80% j3200 3783 6B-4S 

EF-P-2B3 5010 15 4000 75% 13000 13764 6B-5S

TAG NO. VOLTS 
(RUN)

CSE

I 
t 

I

DAPPER 
RESULTS
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7.2.7 Cases 7A, 7B - LOCA Block Load Sequencing Minimum Recovery Voltage 

The DAPPER reports for these cases are provided in Appendix 8.9. The final 
voltages determined by cases 7A5R and 7B5R are tabulated in Appendix 8.10 
Tables A and B. Both the minimum recovery voltages and the minimum 
transient voltages at the MOV MCCs and their feeder buses are tabulated in 
Table 7.2.7.  

The results show that the minimum recovery voltages at MCCs for GL 89-10 
MOVs required to operated during block load sequencing were as good or 
better than those used in Calculation C-1101-730-5350-001, Revision 6, GL 89
10 MOVs Degraded Grid Voltage Drop Calculation (Reference 3.2.6).  

Reference 3.2.9 provided minimum MCC voltages required to prevent stalling of 
the FW-V-5 MOVs as follows: 

FW-V-5A (IA-ES CC)- 312V 
FW-V-5B (1 B-ES CC) 325V 

Minimum transient voltages represented by the block load sequencing starting 
cases shown in Table 7.2.7 exceed the required values for all cases, thereby 
confirming that the FW-V-5 MOVs will not stall in accordance with Assumption 
4.19.
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Table 7.2.7 
MOV Bus Voltage

7.2.8 Cases 8A, 8B - Long Term Post LOCA 

The DAPPER reports for these cases are provided in Appendix 8.9, and partial 
results are tabulated in Appendix 8.10. Motor loads were evaluated with respect 
to the 90% voltage criteria and the alternate acceptance criteria based on full 
load current described in Section 5.6.1. A voltage of 423 V on 480V ES Buses 
1 P and 1S results in less than 90% of rated voltage at some motor loads. Each 
ofthese motor loads passed the alternate current criteria as shown in Appendix 
8.10, Tables BA and 8B, except NS-P-1 C, which is justified in Section 7.3. Non
motor loads such as the Inverters and Battery Chargers passed the voltage 
criteria given in Sections 5.6.3 and 5.6.4. It is therefore concluded that the 
480V bus low voltage alarms and appropriate operator response are adequate 
to assure acceptable voltage to NSR loads downstream of the 4160V ES buses 
in the long term post LOCA situation.  

7.2.9 Cases 9A-9B - Minimum Grid, Tap Change 

DAPPER runs for Cases 9A and 9B (Appendix 8.9) show that total plant 
auxiliary loading of (45 MW) described in Reference 3.5.8 could result in 
voltage lower than the degraded voltage relay maximum reset setting (3806 V)

DAPPER BUS CASE 7A
DS 1R 2S 2R 3S 3R 4S 4R 5S 5R 

4000 1D-ES SWGR 3629 3771 F3714 3767 3713 3763 3728 3764 3712 3756 
4400 IPBUS 401 418 396 416 383 412 408 412 406 411 
4420 1A-ESV CC 393 410 392 412 379 408 404 408 402 407 
4440 1A-ES CC 401 418 395 416 382 411 407 412 405 411 
4480 1C-ESV CC 401 418 391 414 381 410 406 410 404 409 
4600 1RBUS 402 428 421 427 385 420 415 420 413 419 
4620 1A-SHES CC 401 428 421 427 385 419 415 419 413 419 

CASE 73
18 IR 2S 2R 3S 3R 4S 4R 5S I 5R 

5000 1E-ESSWGR 3632 3773 3712 3769 3711 3764 37265 3764 37081 3756 
5200 IS BUS 401 418 395 416 381 411 4071 411 404[ 410 
5220 1B-ES 400 417 394 415 381 410 406 410 404 409 
5280 1B-ESV CC 389 408 388 409 375 405 400 405 398 404 
4480 1 C-ESV CC 400 417 390 414 379 409 405 409 402 408 
5400 IT BUS 412 428 421 428 384 420 415 420 413 418 
5420 1B-SHES CC 411 428 421 427 384 419 415 419 413 418]

I ]
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during tap change operations at low system voltage. The degraded voltage 
relay reset setting is normally used as the criteria for grid separation prevention.  
DAPPER cases were run with all five 4KV buses and the entire Turbine Plant 
and Reactor Plant load connected to each transformer, with the transformer in 
the 230 KV tap, and switchyard voltage at 232 KV. ES bus loading was based 
on normal operating loads on one bus and estimated normal loading less swing 
loads on the other bus, as follows: 

Case 9A Bus 1E Estimated Load -1502 KVA @ .88 PF lagging 
Case 9B Bus 1 D Estimated Load - 2095 KVA @ .88 PF lagging 

Loading on TP bus 1A was varied Until a minimum voltage of 3806V was 
achieved on either ES bus. Case 9B showed a maximum permissible Aux 
Transformer 1A loading of 41,876 KW (DAPPER Bus 3), and Case 9A showed 
a maximum permissible Aux Transformer I B (DAPPER Bus 3) loading of 
43,601 KW. These results demonstrate that the ES buses are more vulnerable 
to grid separation when fed from Aux Transformer IA. They also demonstrate 
that grid separation of the ES buses could occur during tap change operations 
with the simultaneous occurrence of maximum positive degraded voltage relay 
error, low system voltage and plant loading above 41,876 KW.  

Voltages at the terminals of NSR equipment are similar to Case 3 since both 
Cases 3 and 9 used a 4160 V ES bus voltage of 3806 and the same 
downstream loading.  

7.2.10 Case 10 - Model Validation 

In order to validate the methods and assumptions used in this study, a 
comparison of voltage readings predicted by DAPPER was compared with 
actual field measurements. Load measurements were taken at various plant 
buses in order to obtain input dcta for a DAPPER test case that would duplicate 
as nearly as practicable the observed field conditions (Reference 3.1.5).  
Voltage and current measurements were made at ES Buses 1 E, I S, 1 T, 1B ES 
and 1B ES SH, TP Buses 1A and IB and RP Bus IA. Feeder loads and 
average L-L voltage were calculated from the field voltage and current readings 
using standard power formulas, and were tabulated in Table 7.2.10-1.
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Table 7.2.10-1

(1) BUS1E 
POWER ANALYZER DATA KVA / SUMMARY 

VOLTS (L-N) AMPS PHASE VOLTS (L-L, POWER ANALYZER) 4116.5 
2380 229 545.0 KVA (TOTAL) 1630.4 
2380 230 547.4 P.F. 0.8 9 
2370, 227 538.0 SWITCHYARD VOLTS 235.31 

(2) 5000 BUS lE to 5100 BUS IS PRM 
POWER ANALYZER DATA KVA / SUMMARY 

VOLTS (L-N) AMPS PHASE VOLTS (L-L, POWER ANALYZER) 4128.1 
2380 80.7 192.1 KVA(TOTAL) 571.8 
2390 80.5 192.4 PF. 0.87 
2380 78.7 187.3 SWIrCHYARD VOLTS 235.39 

(3).500 BUS 1E to 5300 BUS IT PRI 
POWER ANALYZER DATA KVA / SUMMARY 

VOLTS (L-N) AMPS -PHASE VOLTS (L-L, POWER ANALYZER) 4128.1 
2380 75.8 180.4 KVA (TOTAL) 541.0 
2400 75.7 181.7 PF. 0,86 
2370 75.5 178.9 SWrTCHYARD VOLTS 235.35 

(4) 5200 BUS IS to 5220 BUS 1B 
POWER ANALYZER DATA KVA/ SUMMARY 

VOLTS (L-N) AMPS PHASE VOLTS (L-L, POWER ANALYZER) 467.1 
270 402 108.5 KVA (TOTAL)1 328.7 
271 417 113.0 P.F., 0.89 
268 400 .107.2 SWITCHYARD VOLTS 235.571 

(4A) 5220 BUS lB 
DVM DATA SUMMARY 

VOLTS (L-L) VOLTS (L-LDVM)_ 465.6 
4 6 5 .5 .. .. ._ 
466.0 
465.2 " SWITCHYARD VOLTS 235.4_
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Table 7.2.10-1 (Continued)

POWER ANALYZER DATA KVA I SUMMARY 
VOLTS (L-N) AMPS PHASE VOLTS (L-L, POWER ANALYZER) 470.0 S271 50.5 13.7 KVA (TOTAL) 40.9 

272 46.6 12.7 P.F. D.8 271 53.71 14.61 SWITCHYARD VOLTS 236.875 

(6A) 5420 BUS 1B SHES 
DVM DATA SUMMARY 

VOLTS (L-L) . VOLTS (L-L,DVM) 468.7 
469.0 
469.1 " 
468.1 SWITCHYARD VOLTS 236.74 

(6) 100 RP BUS iA 
POWER ANALYZER DATA KVA I SUMMARY 

VOLTS (L-N) AMPS PHASE VOLTS (L-L. POWER ANALYZER) 7107.2 
4100 1120 4592.0 KVA((TOTAL) 13787.3 
4110 1130 4644.3 P.F, 0.9 
4100 1110 4551-01 SWITCHYARD VOLTS 236.81 

_(7) 1000 TP BUS 1A 
POWER ANALYZER DATA jKvA I SUMMARY 

VOLTS (L-L) AMPS PHASE VOLTS (L-L, POWER ANALYZER) 4133.3 
4150 1160 2779.4 KVA(TOTAL) 8257.1 
4140 1160 2772.7 P.F. 0.86 
4110 11401 2705.1 SWITCHYARD VOLTS 235.8 

(8) 2000 TP BUS 1 B 
POWER ANALYZER DATA KVA .I SUMMARY 

VOLTS (L-L) AMPS PHASE VOLTS (L-L, POWER ANALYZER) 4133.3 
4150 667 1598.1 KVA (TOTAL) 4741.8 
4140 662 1582.3 P.F. 0.85 
4110 6581 1561.4 SWITCHYARD VOLTS 235.95

(5) 5400 BUS 1T to 5420 BUS I B SHES
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Voltage readings for the 230 kV switchyard, as recorded by the Plant Process 
Computer, were obtained for times concurrent with bus voltage readings 
(Reference 3.1.5). Voltage variation at the 230 kV switchyard observed during 
field measurements was 234.863 kV to 236.85 kV. This represents a variation 
of approximately 0.839%. Since variations in bus voltage could affect the load 
KVA actually measured, the observed variations in switchyard voltage were 
evaluated to determine whether they could have an adverse effect on the 
results. Loads tabulated in Appendix 8.1 consist of both constant KVA loads 
and constant impedance loads, although they consists predominantly of 
constant KVA loads. Field measurements, however, did not discern the relative 
proportions of constant KVA and constant impedance loads. Since the loads 
are predominantly constant KVA, small variations in voltage will have relatively 
little effect on field KVA measurements. However, in order to compensate for 
whatever small effect may be present due to the presence of constant 
impedance loads, the grid voltage used for the DAPPER case was set at the 
maximum value observed during field measurements (236.85 kW), and all loads 
were entered as the constant KVA type. This minimized feeder currents and 
voltage drops and predicted higher voltages relative to the normalized field 
measurements. This is a conservative approach because prediction by 
DAPPER of higher voltages than field measurements is considered undesirable 
for purposes of this comparison.  

Field load measurements included feeder loads to the Green Train ES Buses 
and large BOP buses, but did not include separate measurements of all loads 
that contribute to the feeder loads. DAPPER calculates upstteam feeder loads 
based on a vector summation of downstream loads. Consequently, the 
upstream feeder loads could not be entered directly into DAPPER. In order to 
reproduce in DAPPER the observed field loading values (including power 
factor), additional loads were applied to appropriate DAPPER buses as lumped 
loads. For simplicity, these loads were assumed to be constant KVA loads.  
This was reasonable since thfsDAPPER case considered a single input 
voltage, and the type of loading does not affect results as long as the feeder 
loads and power factor are correct. For the BOP buses there were no 
measurements downstream of the bus feeder so the observed loading was 
entered directly into DAPPER.  

The field measured upstream loads which acted as constraints in the 
determination of the additional end use loads were as-follows:

CALCULATION SHEET 
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NUCLEAR

Subject: 
TMI-1 AC Voltage Regulation Stud,,
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Table 7.2.10-2

FROM (DAPPER BUS) TO KVA PF 
34 DISTA3-LOW 5000 1E-ES 1630 0.89 
5000 1E-ES SWGR 5100 ISPRI 572 0.87 
5000 1E-ES SWGR 5300 1TPRI 541 0.86 

The additional end use loads (determined by trial and error) and field 
measured loads (Section 5.8) used as direct input to DAPPER were as follows: 

Table 7.2.10-3 

.FROM (DAPPER BUS) TO KVA PF 
5000 1 E-ES SWGR 1 E-ES END USE LOAD 520.5 0.93 
5200 IS BUS 5220 1lB-ES CC (Measured) 328.7 0.89 
5200 IS BUS 1S BUS END USE LOAD 243.5 0.85 
5400 IT BUS 5420 1BSHES CC (Measured) 40.9 0.8 
5400 IT BUS 1T BUS END USE LOAD 500.3 0.87 
14 DIST-HIGH 100 1A-RP SWGR (Measured) 13787.3 0.9 
31 DIST-LOW 1000 1A-TP SWGR (Measured) 8257.1 0.86 
33 DISTA2-LOW " 2000 1 B-TP SWGR (Measured) 4741.8 0.85 

The results-of the DAPPER calculations are provided in Appendix 8:9 and are 
summarized in Table 7.2.10-4. As was noted above, switchyard voltage 
fluctuated during the period that field measurements were taken but the 
DAPPER study was performed at a single voltage. Consequently, measured 
voltages were normalized to the highest measured switchyard voltage and the 
DAPPER study was also performed with this voltage at the switchyard bus.  
The measured voltage (normalized) was compared with the calculated voltage.  
As can be seen from Table 7.2.10-4, DAPPER predicted a lower voltage than 
expected for all cases except items 1, 7, and 8. Items 7 and 8 pertain to non
safety related buses and the voltage discrepancies in the DAPPER predicted 
voltages are extremely small. Consequently, a slightly non-conservative 
voltage calculation for these buses will have no adverse effect on the safety
related portions of this calculation. The results for item I (ES Bus 1 E) are 
acceptable because items 2 and 3 are also for ES Bus 1 E and show 
conservative results. It was concluded that the reading for item 1 was taken 
during a period of fluctuating switchyard voltage so a representative value was 
not obtained (Reference 3.5.7).
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Table 7.2.10-4

MEASRED ORR.CALC.  ITEM DAPPER BUS MEASURED GRID CORR. EXPECTED VOLTAGE DIFFERENCE RVOLTAGE F RID) VOLTAGE (DAPPER I DIFFERENCE - CASE 10) 

1 5000iE-ESSWGR 4116.5 235.31 1.0065 4143.4 4153 9.6 0.23 
2 5000 IE-ESSWGR 4128.1 235.39 1.0062 4153.7 4153 -0.7 -0.02 
3 5000 1E-E SSWGR 4128.1 235.35 1.0064 4154.4 4153 -1.4 -0.03 
4 5200 1S BUS 467.1 235.57 1.0054 469.6 469 -0.o -0.13 

4A 5220 1 B-E S CC 465.8 235.46 1.0059 468.3 468 -0.3 -0.07 
5 5400 IT BUS 470.0 238.85 1.0000 470.0 468 -2.10 -0.42 

SA 5420 1BSHES CC 468.7 236.74 1.0005 469.0 468 -1.0 -0.20 
6 100 IA-RP SWGR 7107.2 236.81 1.0002 7108.4 7064 -44.4 -0.63 
7 1000 1A-TP SWGR 4133.3 235.80 1.0045 4151.7 4155 3.3 0.08 
8 2000 1B-TPSWGR 4133.31 235.95 1.0038 414.1 4154 4.9 0.120 

7.2.11 Cases 11A and 11B Maximum Voltage Short Circuit Study Case 

The DAPPER reports for these cases are provided in Appendix 8.9. Tables 
7.2.1 IA and 7.2 1B contain a summary of bus voltages for maximum 
switchyard voltage (242 kV) and maximum motor loading.
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Table 7.2.11A

DAPPER RATED CALCULATED P.U.  
BUS BUSNAME VOLTAGE VOLTAGE VOLTAGE 

3 GRID 230000 242004 1.05 
100 1A-RP SWGR 6900 7006 1.02 
200 1B-RP SWGR 6900 7007 1.02 
1000 1A-TP SWGR 4160 4088 0.98 
2000 1B-TP SWGR 4160 4085 0.98 
3000 lC-TP SWGR 4160 4082 0.98 
4000 1D-ES SWGR 4160 4079 0,98 
4100 1NPRI 4160 4078 0.98 
4200 1N BUS 480 461 0.96 
4300 1 PPRI 4160 4077 0.98 
4400 1P BUS 480 450 0.94 
4420 1A-ESV CC 480 448 .0.93 
4430 IA-ESF CC 480 448 0.93 
4440 1A-ES CC 480 449 0.94 
4480 1C-ESV CC 480 449 0.94 
4500 1RPRI 4160 4068 0.98 
4600 IRBUS 480 457 0.95 
4620 IA-SHES CC 480 457 0.95 
6010 PENTRATN-C 480 448 0.93 
6020 PENTRATN-A 480 448 0.93

CALCULATION SHEET 
(Ref. EP-006T)

NIUCLEAR
Subject: Calculation No.  
TMI-1 AC Voltage Regulation Study 0-1 101-700-E510-010
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TABLE 7.2.11B

CASE 11B 
DAPPER BUS NAME RATED CALCULATED P.U.  
BUS VOLTAGE VOLTAGE VOLTAGE 
3. GRID 230000 242004 1.05 
100 1A-RP SWGR 6900 6975 1:01 
200 1 B-RP SWGR 6900 6974 1.01 
1000 1A-TP SWGR 4160 4059 0.98 
2000 1B-TP SWGR 4160 4055 0.97 
3000 1C-TP SWGR 4160 4052 0.97 
4480 1C-ESV CC 480 444 0.93 
5000. 1E-ES SWGR 4160 4050 0.97 
5100 ISPRI 4160 4049 0,97 
5200 18 BUS 480 446 0.93 
5220 1B-ES CC 480 445 0.93 
5280 1 B-ESV CC 480 443 0.92 
5290 1B-ESF CC 480 442 0.92 
5300 1TPRI 4160 4040 0.97 
5400 IT BUS 4801 454 0.95 
5420 1B-SHES CC .480 454 0.95 
6000 PENTRATN-B 480 443 0.92 
6010 PENTRATN-C 480 444 0.93
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7.3 Evaluation of Low Terminal Voltage 

The DAPPER cases discussed in Section 7-2 demonstrated that several loads may 
experience terminal voltage below the criteria established in Section 5.6. Most of 
these cases relate to Cases 4A and 4B for short term LOCA operation. Cases 4A and 
4B results show that the grid conditions necessary to achieve a voltage on the 4160V 
buses equal to the minimum dropout setting of the degraded voltage relay (3727V), 
are outside the design criteria of the plant. Case 4A requires a switchyard voltage of 
225.49 kV with single transformer operation to achieve 3727V on ES Bus 1 D while 
Case 4B requires a switchyard voltage of 227.01 kV to achieve 3727V on ES Bus I E.  
Both of these values are below the minimum expected voltage of 232kV cited in SDD
T1 -000 (Reference 3.3.1). Two transformer cases with 3727 on the ES buses were 
not performed, but these would be bounded by Cases 7A and 78 which consider 
higher voltage on the 4160V ES buses (3756V). Even with this higher voltage on the 
4160V ES buses, Switchyard voltage must still fall below the single contingency 
voltage of 224.7kV cited in SDD-T1-000 (215.97 kV for case 7A-5R and 220.66 kV for 
case 7B-5R). Therefore, in accordance with Assumption 4.13, voltages calculated in 
Cases 4A and 4B are not expected to occur for extended periods for either the one or 
two transformer operation.  

Evaluations of specific loads with voltage deficits identified in Section 7.2 are as 
follows.  

Diesel Generator Skid Components 

Case 2B 5229 1B-DG-SKID 402Vvs. 414V required.  

Case 3A 4450 1A-DG SKID 405V vs. 41'4 V required 
Case 38 5229 1B-DG SKID 398V vs. 414 V required 

The most limiting voltage results are represented by Case 3B. This is also the most 
limiting cases from an operational standpoint because during the Short Term Post 
LOCA case represented by Cases 4A and 4B, the diesels are assumed to be running 
and do not require support provided by the skid auxiliaries (Assumption 4.24).  

During normal operation, the minimum expected voltage available to the diesel 
generator auxiliaries is determined in Cases 3A and 38. These cases consider a 
minimum voltage on the 4160V ES buses of 3806V. Although this is a ceiling for 
degraded voltage relay reset setting, it may be considered a floor (minimum) for ES 
bus voltage during normal operation since BOP load and system voltage will be 
managed by controlling load and switchyard voltage-to assure that this minimum value 
is not violated (Reference 3.1.4). Any excursions below this value will be brief and will 
have no adverse effect on system operation (Assumption 4.13).
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Diesel generator skid loads consist of the following circuits (References 3.6.9 and 
3.6.14): 

Circuit 1: Generator Space Heater (3KW).  
Circuit 2: 500 VA, 480/120V/ 1 ph Transformer 
Circuit 3: Lube Oil Pump (EG-P-3NB) 
Circuit 4: Pre-Lube Pump (EG-P-5A/B) 
Circuit 5: Jacket Coolant Heater (EG-H-1ANB) (24KW) 
Circuit 6: Jacket Coolant Pump (EG-P-8A/8) 

Based on Case 3B voltages, heater circuits 1 and 5 will receive approximately 83% of 
rated voltage, which will only result in reduced heating output and longer energization 
time (Assumption 4.12). Circuit 2 serves the engine hour meter which is not essential, 
and the Gear Box Heater. Circuit 4, Pre-Lube Pumps (EG-P-5ANB), are manually 
started and are not used in standby or emergency operation. The Lube Oil Pumps 
(EG-P-3A/8) (S.F. 1.15) and the Jacket Coolant Pumps EG-P-BA/B (Service Factor = 
1) pass on the alternate current criteria for Cases 3A and 38, based on field current 
readings (References 3.5.10 and 3.5.11). In addition, loss of either of these 
components will result in an alarm due to low lube oil pressure or temperature 
(References 3.6.15 and 3.6.16). For these reasons, temporary low voltage on these 
circuits will not degrade the diesels and is considered acceptable.  

Control Building Emergency Vent Supply Fans 

Case 4A 4449 AH-E-18A 403Vvs. 414 V required 
Case 48 5228 AH-E-18B 398 V vs. 414 V required.  

AH-E-1 8A fails Case 4A on voltage criteria, and fails ACC by a small margin (68.05 vs.  
67.85A maximum). AH-E-1 8B fails Case 4B on voltage criteria and also fails ACC 
(74.13A vs. 71.88A maximum). The fans are off for non-LOCA cases and are 
manually applied loads which may be required for Control Room Habitability following 
an accident with a radiological release.  

Westinghouse Report RRSIDSE(99)-298 (Reference 3.4.12) determined that the AH
E-18A motor (S.O. 71C14434) could start and operate at a voltage of 398V and a 
current of 74.37 A without exceeding the motor thermal limits. The report determined 
that the AH-E-18B motor (S.O. 81 C35875) could operate at a voltage of 398V and a 
current of 74.74A without exceeding the motor thermal limits. These conditions meet 
or exceed the conditions determined in Cases 4A and 4B. Also, in accordance with 
Assumption 4.13, the extreme low voltage conditions postulated in Cases 4A and 4B
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are not expected to persist for extended periods of time. Therefore, by engineering 
judgement, these motors are considered to be acceptable.  

AH-E-29A Diesel Generator Room Supply Fan (North) 

Case 4A 4443 AH-E-29A 391 V vs. 414V required 

This fan fails Case 4A on voltage criteria (391V vs. 414V required). Also fails Case 4A 
on alternate current criteria (38.26 amps calculated vs. 37.375 amps maximum). It 
passes Case 3A alternate current criteria.  

This fan is required to maintain the North Diesel Generator Room within its required 
temperature specifications during diesel generator operation. Since Case 4A involves 
supplying the ES bus from the 1 B Auxiliary Transformer, the diesel will not be loaded 
and the fan will not be required to dissipate heat from a loaded diesel generator. Even 
though the diesel will start at the initiation of a LOCA, it will not be automatically loaded 
as long as offsite power is available. Since the motor passes the Case 3A criteria, it 
will operate satisfactorily up to the time of the accident.  

Reference 3.4.12 determined that the AH-E-29A motor (S.O. 70D66866) could start 
and operate at a voltage of 390V, and could draw a current of 39.44 without exceeding 
the motor thermal limits. These conditions meet or exceed the conditions determined 
in Case 4A. Also, in accordance with Assumption 4.13, the extreme low voltage 
conditions postulated in Case 4 are not expected to persist for extended periods of 
time. Therefore, by engineering judgement, these motors are considered to be 
acceptable.  

In addition, TDR 900 (Reference 3.2.4) determined that the maximum allowable Diesel 
Generator Room temperature of 1200 F would not be reached for 72 hours following a 
loss of DG building HVAC, provided that certain doors were opened to increase airflow 
to the DG rooms within approximately one hour of the loss of HVAC. Procedure 
1104-24M (Reference 3.1.19) provides for this alternate ventilation. Therefore, 
temporary loss of Diesel Generator Room ventilation due to inadequate voltage to AH
E-29A would also be acceptable.  

Control Building Booster Fans AH-E-95AB 

Case 4A 4447 AH-E-95A 406V vs. 414 V required 
Case 4B 5224 AH-E-95B 405V vs. 414 V required 

AH-E-95A and AH-E-95B fail Case 4A and 4B, respectively, on voltage criteria. Since 
the motors are Totally Enclosed Air Over, they do not have a service factor with which 
to apply ACC.

(*"OU CALCULATION SHEET 
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Reference 3.4.12 determined that the AH-E-95A/B motors (S.O. 71 D12380) could start 
and operate at a voltage of 405V without exceeding motor thermal limits. These 
conditions meet or exceed the conditions determined in Cases 4A and 4B. Therefore, 
by engineering judgement, these motors are considered to be acceptable.  

Diesel Generator Fuel Pumps 

Case4A 4446 DF-P-1A 406 Vvs. 414 V required 
Case 4B 5225 DF-P-1C 404 V vs. 414 V required 

These pumps are under automatic control and run based on Day Tank level, thus they 
will not be running continuously (Reference 3.6.9 and 3.6.14).  

The motors for DF-P-1 A/C are rated for a service factor of 1.00 at an ambient 
temperature of 65°C and for a service factor of 1.15 at an ambient temperature of 
401C (Reference 3.5.15). Per ES-010 (Reference 37.15) the aging temperature for 
the Diesel Generator Building is 950F (35 0C) and the accident temperature is 1220F 
(501C). The accident temperature is based on TDR No. 900 (Reference 3.2.4), which 
addresses loss of ventilation conditions with the diesel running at full load.  

The Cases 4A and 4B operating conditions assume that the diesel is running Under a 
full speed, no load condition, with the offsite power source supplying the ES Buses
Operating Procedures 1107-3 (Reference 3.1.13) and 1107-2 (Reference 3.1.2) 
caution against running the diesel for extended periods of time at no load; therefore, 
the diesel will either be shut down, or if voltage can not be improved, the affected bus 
will be transferred to the diesel per Abnormal Procedure 1203-41 (Reference 3.1.4). If 
the diesel is shut down the demand for the fuel oil pump would be intermittent based 
on tank level and the pump would not be running continuously under reduced voltage 
conditions. Since the aribient temperature would be less than 500C, there is margin 
built into the motor. If the AC motor would fail, the DC pump would be available.  

Therefore, based on engineering judgement the temporary low voltage condition for 
these motors is considered to be acceptable.  

Make-up Pump Gear Oil Pumps 

Case 4A 4424 MU-P-4A 405 V vs. 414 V required 
Case 4A 4488 MU-P-48 405 V vs. 414 V required 
Case 4B 4488 MU-P-4B 404 V vs. 414 V required 
Case 4Q 5284 MU-P-4C 403 V vs. 414 V required
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The MUIHPI Pumps (MU-P-1NB/C) are driven by a 1800 RPM motor through a gear 
drive unit at 6800 RPM. The gear drive unit is lubricated and cooled through an oil 
recirculation system. The gear drive oil system has redundant oil pump MU-PA4 & MU
P-5. These pumps are identical positive displacement pumps with capacity of 7.7 GPM 
at 1800 RPM. MU-P-4A/BIC is driven by an AC motor. MU-P-5 is driven from the gear 
drive low speed shaft (@ 1800 RPM). MU-P4 provides redundant capability which 
protects the gear drive unit in the case of the shaft driven pump failure

The shaft driven pumps MU-P-5A/B/C are not susceptible to any known common 
mode failures. The MU pump oil systems for MU-P-1A, B & C are functionally and 
physically independent. MU-P-5 A,B,C alone can provide all of the required gear unit 
cooling and lubrication. The operation of MU-P-4A,B,C is not required for the MU 
pumps and the HPI system to perform its ECCS function. Therefore, the temporary 
low voltage at and/or tripping of these motors is acceptable. (References 3.4.8, 
3.5.14) 

Nuclear Service River Water Pum .Discharge Strainers 

Case 4A 4487 NR-S-1 B .401 V vs. 414 V required 
Case 4B 4487 NR-S-1 B 400 V vs. 414 V required 

The NR-S-1B motor has a service factor of 1.0 and was analyzedto be operating a 
nameplate current. Therefore the ACC could not be satisfied for this motor. Current 
and voltage readings taken on 12/10198 recorded in the TMI Maintenance Log 
(Reference 3.7.8) shows that the NR-S-1 B strainer motor current was 1.89 amps with 
normal river conditions. Voltage was 460 V. The corresponding motor current at 400 V 
would be 2. 17 amps. The motor full load current is 2.3 amps. Under normal river 
conditions the motor current will typically be less than nameplate current

The Thermal Overload heater (TOL) for this motor is a Westinghouse H26 with a 
minimum trip current of 2.95 amps (Reference 3.2.8). With the motor running at rated 
horse power the worst case motor current per Table.4A is 2.45 amps which is less 
than the TOL minimum trip current. Therefore the motor will not trip on TOL if 
operating under Case 4A/B conditions. Based on reference 3.4.9, operation at 2.45 
amps for a period of 8 hours will not damage the motor. Also, in accordance with 
Assumption 4.13 the voltage is not expected to hover near the minimum dropout 
setpoint of the degraded voltage relays for an extended period of time, as was 
modeled in Case 4. Therefore, by engineering judgement, this load is considered to 
be acceptable.
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Nuclear Service Closed Cooling.Water Pumps 

Case4BNS 5240 NS-P-IC 398 Vvs. 414 V required 
Case 8B 5240 NS-P-IC 413 V vs. 414 V required 

NS-P-1 C fails the primary voltage criteria and the ACC for the cases shown above.  
The worst case current for case 4BNS is approximately 169A vs. a maximum service 
factor current of 161A (1.15 X 140A). Data from the motor vendor indicates that the 
motor is actually capable of operating at a voltage of 395V and 130HP without 
exceeding its rated temperature rise (Reference 3.4.12). These conditions bound the 
conditions modeled in Case 4BNS and are considerably worse than the conditions 
modeled in Case 8B. Also, in accordance with Assumption 4.13 the voltage is not 
expected to hover near the minimum dropout setpoint of the degraded voltage relays 
for an extended period of time, as was modeled in Case 4. Therefore, by engineering 
judgement, these loads are considered to be acceptable.  

Decay Heat River Water Pumps 

Case 4B 5440 DR-P-1 B 413 vs. 414 required 

DR-P-1 B fails the primary voltage criteria and the ACC for the case shown above. The 
worst case current for Case 4B is approximately 273.72A vs. a maximum service 
factor current of 264.5A (1.15 X 230A). Data from the motor vendor (Reference 
3.4.13) indicates that-the motor is actually capable of operating at a voltage of 410V 
and 21 QHP for 8 hours with minimal reduction in motor life. These conditions bound 
the conditions calculated in Case 4B. In accordance with Assumption 4.13 the voltage 
is not expected to hover near the minimum dropout setpoint of the degraded voltage 
relays for an extended period of time, as was modeled in Case 4., Therefore, by 
engineering judgement, this load is considered to be acceptable.  

7.4 Evaluation of Bus Current Results 

Tables 7.4-1 and 7.4-2 summarize the bus current for the 5KV bus duct from the 
auxiliary transformers to the 4KV ES busses as well as the current for all NSR 
switchgear and MCCs. Bus current values listed in the tables were taken from 
selected DAPPER cases judged to capture the worst case steady state current for 
each of the buses listed. All buses passed the acceptance criteria listed in Section 5.7 
except 5000v Bus Duct 41 which had a worst case current of 4075 A vs. a 40QC rating 
of 4072. The postulated current is only slightly above the 400C rating used for 
determination of bus duct resistance, and will cause negligible additional heating or 
increase in resistance. Therefore, by engineering judgement, this condition is 
considered to be acceptable.
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TABLE 7.4-1 TRAIN A BUS CURRENT (AMPERES) 

BUS NO BUS NAME CASE 2A CASE 3A CASE CASE ACCEPTANCE 
S3ASUP CASE4A 6A5R CASE8A CASEgA CRITERIA REMARKS 

(SECTION 5.7) 

41 1B-LOW 1905 4328 4075 3904 3862 3773 3250 4072 Calvert G 
42 1 B1 -LOW 1906 2694 2669 2912 2860 2816 2925 4072 Calvert G 
43 1B2-LOW 1905 1831 1815 2032 2009 1967 2063 3876 Calvert E 
44 1B3-LOW 420 433 429 782 757 762 664 2308 Calvert C 

4000 1D-ES SWGR 420 433 429 782 757 762 437 917 Calvert B 
4000 ID-ES SWGR 420 433 429 782 757 762 437 1200 
4400 1P BUS 1472 1514 1501 1532 1484 1551 1547 1600 
4440 1A-ES CC 842 •871 862 699 549 886 876 1600 
4420 1A-ESVCC 124 124 124 125 223 73 124 1200 
4430 1A-ESF CC 47 46 47 45 46 6 46 600 
4480 1C-ESV CC 177 183 181 139 156 134 183 1200 
4600 1R BUS 653 675 668 977 949 939 675 1600 
4620 IA-SHES CC 91 94 93 102 106 98 94 600 

__TABLE 7.4-2 TRAIN B BUS CURRENT (AMPERES) 

CASE CASE ACCEPTANCE 
BUSNO BUSNAME CASE 23 CASE 3B CASE4 8B5R CASE 88 CASE 9B CRITERIA REMARKS .B 6(SECTION 5.7) 

31 DIST-LOW 2716 3975 4043 3824 3816 3690 2952 4072 Calvert G 
32 DISTAl-LOW 1272 2605 2605 2832 2805 2732 2925 - 4072 Calvert G 
33 DISTA2-LOW 369 1742 1743 1952 1947 1882 2063 3876 Calvert E 
34 DISTA3-LOW 369 343 344. 702 684 675 664 2308 Calvert C 

5000 1E-ES SWGR 369 343 344 702 684 675 347 917 Calvert B 
5000 1E-ES SWGR 369 343 344 702 684 675 347 1200 
5200 1S BUS 1459 1468 1469 1580 1536 1501 1497 1600 
5220 1B-ES CC 811 817 817 696 569 802 817 1200 
5280 1 B-ESV CC 132 132 132 132 241 80 132 600 
5290 1B-ESF CC 51 50 50 49 50 11 50 600 
4480 IC-ESVCC 181 182 182 139 158 134 183 1200 

5400 1T BUS 910 672 672 974 954 937 672 1600 

5420 1B-SHES CC 103 103 103 112 116 107 102 600
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7.5 Evaluation of 480 Volt Unit Substation Transformer Loading Results 

Neither the I P nor the 1 S 480 V USS Transformer exceeded their forced air cooled 
load rating of 1333 KVA or their high ambient temperature de-rated loading levels of 
1271 KVA and 1253 KVA, respectively (Assumption 4.32), for any loading scenario 
(See Appendix 8.9 DAPPER runs).  

8.0 Appendices 

8.1 Load Tables for Steady State Operation (25 Pages) 
8.2 DAPPER Load Types (2 Pages) 
8.3 Detailed Case Descriptions (6 Pages) 
8.4 Determination of Degraded Voltage Relay Tolerances (17 Pages) 
8.5 Motor Starting Loads and Voltage Criteria (1 Page) 
8.6 Reactor Plant and Turbine Plant Bus Historical Loading Data (6 Pages) 
8.7 Turbine Plant Load Reduction on Plant Trip (3 Pages) 
8.8 MOV Loads (9 Pages) 
8.9 DAPPER Printouts (4157 Pages) 
8,10 Tabulation of Results (8 Pages) 
8.11 Permissible Turbine Plant Loading With Low Grid Voltage (1 Page)
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2. Assumption 4.30 indicates that two secondary river water pumps could be operating from 480V Bus IT per the modification of 
Reference 3.7.12, and considers two pumps running for normal plant operation in Cases IB and 2B. The assumption is 
inconsistently applied since normal plant operation is also addressed in Cases 3B and 9B, and these cases do not consider two SR 
pumps running. The reliance on SSM data to justify reasonable plant loading for these two cases is an acceptable method of 
determining bus loading, therefore the calculation is acceptable. But this inconsistency presents a documentation problem since 
design basis loading is different for normal operation cases within the same calculation. The lack of two SR pumps running for 
Cases 3B and 9B is also not consistent with the basis for the modification of Reference 3.7.12.  

Based on this design verification and the resolution of comments, the calculation is considered to be technically acceptable.  

H. A. Robinson - 12/22/99
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rGOU CALCULATION VERIFICATION CHECKLIST 
NUCLEAR (Ref. EP-006T) 

Subject: Calculation No. Rev. No. System Nos. Sheet: 
TMI-1 AC Voltage Regulation Study C-1101-700-E510-010 2 700 77 of 77 

Place an "X" in the applicable box (Yes, No, N/A) for each item.  
A "NO" response may indicate that the design or verification is incomplete and may require a CAP to be 
assigned by the responsible Section Manager. The Section Manager shall review each"NO" response to 
determine if the "NO" response requires further investigation, 

A "N/A" (Not Applicable) response does not require any further action by the Verification Engineer.  

The Verification Summary (Exhibit 7A) may be used to outline the Verification Engineer's work or to 
document comments that are deemed appropriate by the Verification Engineer.  

Review Check 

ITEMS Design Compliance 

Yes No NIA 

1. Design Input and Data - Were the inputs correctly selected, referenced Z El El 
(latest revision) and incorporated into the calculation? 

2. Assumptions - Are assumptions necessary to perform the calculation Z 0 EJ 
adequately described and reasonable? 

3. Regulatory Requirements - Are the applicable codes and standards and El 
regulatory requirements, including issue and addenda, properly identified 
and their requirements met? 

4. Construction and Operating Experience - Has applicable construction and El LI 
operating experience been considered? 

5. Interfaces - Have the design interface requirements been satisfied? El LI 
6. Methods -Is the appropriate calculation method used? El1 El 
7. Output - Is the output reasonable compared to the inputs? 0] El 

B. Acceptance Criteria - Are the acceptance criteria incorporated in the El El 
calculation sufficient to allow verification that the design requirements 
have been satisfactorily accomplished? 

9. Radiation Exposure - Has the calculation properly considered radiation LI El 
exposure to the public and plant personnel? 

Comments: 

See Calculation Verification Summary Sheet.

N5830T (2/99)Use Additional Sheets if Necessary
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Calculation C-1101-700-E510-010, Rev. 2, Appendix 8.1 Load Tabulations Shee: 1 of25

APPENDIX 8.1 
TABLE 1D 

Loading of 4.16 KV (ES) Switchgear 1D 

EQU.IMENT OPERATING LOAD 
100% Power at Nominal Bus LOCA at Nominal Bus VoLtage 

COIp'G Descriptio Tag No. DAPPER Voltage REMARKS 
No, BUS 

_ _ _ KW PF KVAR KVA KW pF _VAR KVA 
1Di hncooiig BrncerAuxrunafle 1B Aux.Xfmrf 
1D32 Diesel Geneaor IA EO-Y-IA 
IM3 Emeren7y Fmedwater Pump A EF-P-2A 4010 406.0 0.850 251.6 477.6 
1104 Spare 

1D5 480V(ES) Unit Substaton1P lP-480V-ES (I40) 1013.3 0.912 457.2 1111.7 981.2 0.898 441.8 1093.1 App. 8.1, Table 1P 
1D06 DH R•ma olPwp A DH-P-_A 4020 299.0 0.920 127.4, 325.0 
1D7 Make-p PumpA MU-P-IA 4030 583.3 0922 247.1 638.1 Note I 
1D8 :Make-up Pump8 MU-P-1B 5040 599.3 0.922 247.1 638-1 588.3 0022 247.1 638.1 Note2 
1579 RB SpaY Pump A 5S-P-IA 4040 204. 0920 863. 22.1 Note 

iDl0 RB-EmergenyCoo RWPumpA RR-P-IA 14050 302.9 0.901 145.8 336.2 Note I 
IDl 480V (ES) Unit Substation IR 1R-480V-ES 600) 451. 0.905 213.0 499,5 624.8 07.894 312.7 698.7 App. 8.1, Table 1R 
ID-1 430V (ES) Upam Sutation IN IN480VES (4100) 475.9 0.882 254.0 539.4 475.9 0.882 254.0 539.4 App. 8.1, Table iN 1D13 Spare _____ 

1MD14 SBO Diesd Generator EG-Y-4 
PDIS Ulrcrinn•gReeker Ak= lns IA - -AA--------' 

Total (40W0) 29.31 0.907j 1171.21 7$.71447l4T 0,0 24 4967_ 

NOTES 
1. Power factor rounded to two decimal places for DAPPER entry.
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Calculation C-I 101-700-E510-010% Rev. 2, Appendix 8. Load Tabulation 

APPENDIX 8.1 
TABLE IP 

Loading of 480V (ES) Unit Substation 1P

Lg1IPMENT OPERATING LOAD 
100% Power at NMominal Bw LOCA at Nominra Bus Voltage 

Comp't DAPPER Voltagc REMARKS 
No. Desc rptio n Tag No- BUS 

IA Instmeent CompL.  
I B Main Breaker IP-02 
IC 480V(ES) MCC 1A 1A-480V-ES (4440) 559.1 0.859 287.5 4 627.5 4,22.1 0.878 229.7 480.6 App. .1, Table 1A 
2A DHCio'edCooiWýWaterSnp DC.P-A 4460 70.4 070 39. 809 

2B Control Buidng Watux Chtler AH-C-4A 4465 130.0 0.9W 63.0 144.4 130. 0.900 63.0 144.4 
2C Spa 
2D Fumr..  
3A Prcaatuizer Hea•er Group 8 RC-GOR- - -
3B Future 
3C NS Closed Coolimg Wate Puap NS-P-IA 4470 101. 0.903 47,5 111.6 89.1 0.905 41.9 98.5 Notes 1.2 
3D NS-P-1B 5270 89.1 0.905 41.9 98.5 Notes 2,3 
4A Tic to 48OV (ES) USS IS IP-12 
4B 410V ES) Valve MCC ic iC.-40V.ESV (440) 11S.4 0.905 55.5 130. 74.7 0,770 61.9 97. App. 8.1, Tab.e IC-V 
4C 40 SVavcMCCIA 1A-4M0V-ESV (4420) 105.8 0.99 3.5 105., 105.8 0.999 3.5 105.9 App. 8.1, Table IA-V A U 201 LOS I. I .0 o.4 -- 1 UM 

Total (4400) 1013.31 0.9121 457.21 1111.71 981.21 .8998 481.81 1093.11 

NOTES 
1. Loading for Case 8A is 105.3KW (1 16.4KVA) per Assumption 4.5.  
2. Power factor rounded to two decimal places for DAPPER entry.  
3. Off for Case SA.

Sheet 2 of 25
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Calculation C-I 101 .700-E51 0-010, Rev. 2, Appendix 8.1 Load TabuljaLin Shee. 4 of 25

unsrnr.sn-un- T -.-..-.. . -..- - -

1 1' , +

Descption Tag No.

DAPPER D100% Power at Yonoinal Bus LOCA at Nominal Bus Votel DAPE Voltage

CO-V- IA 
stp LO-P-5 4456 

RIA/R2A 
FC-P-2A-I 4456 

RC-F-2C-1 4456 

SF-P-IA It.eized 
CA-M-l 
CA-P-lA 4456 

I. MU-P-SA taroomS

m0C1`nI)v
rg Fmd EU-Y-6 F] ood Di ese I 

Tesnp Power
155 Spare 
15C Space 
151) B.a Avid lMix Tank Hea.e A I AA 

[Adrolacol Cable Lose

I RR-V 3A 
_RV-4A

1"-...- I

Sub-Total (Conetnast KVA EX[CEPT CARltRt a'cP
[LoWVXU nL J~J

- -.. . .. . . . ., • • v ,:,~ .. t•#4 .. '. O 5h~.T++~t".•.•,+~. 0.881--.. 159-1 3".9 WA

REMARKS

",VA KW PF VQ FKVA 

43.$ 0.88i 23.491 49.41jN,

9.8 0.8E

zlrtzl____
,.Tshie P 

191.01

5.29
' -n I--'

9-9 52

_AŽ 2.31 0.8

41q11g4z1J1

-I)45 1 - i -8l 0.8 129.1 2JC70,91 ______ Sub-Total (Comntant XVA CASE 80*n) 4456 I1i.• t, i [ i2.4 36_.< 

'JflTFQ-

Note I. ON for all LOCA cases except Cases 4 and 8 where AH-EISA is ON.  
Note 2. OFF for LOCA Block Sequencing Cases 5,6,7.  
Note 3. OFF for LOCA Block Sequencing Cases 5;6,7 and Case 4.  
Note 4. Power factor assumed to be 0.98 for convojence.

4443
4445

03

42 i' l

0.88 5.0 0.51 90.  
10.91 2.31 4.91 4.3

4 ~O.SSJ :2:4j s4 4.j 0.a881 2.4 5.1
0.22

-9 . , .- -

0.88
123 
46.? 

1.7

1.3
0.4 

1.5 
75.

1 . 0.88 5. .

I 7.440.82 
022R
0L 88

0.1 

2l.

0.5

2.9
5.0
2.9

22.8
96,5

-SA 4444 2.0
4475
4474

amr , 1 IAH-P-SAIIB 1445414

Control BuldingRoosterFanA 
Contaul BuildingRelazo FaUA

7C ]CR HacegencyVent SurpLy Fan A
lx Auxiiares(IA-DO SICD)
Airl

4446

2.1 
0.I2

0.88 
0.88 
0.88

1.6

- r -r - t - I

29A4

3,1

1.2
42.C

21

0.82

088 

F0.28 
0.88 

0.88 

0.7C

O.28
1.IX
0.28

0.6 
5.1 
5.1 

10.1 
5.7

73.3

Notes 

Noes

2.70 
1.57 

12.31
52.34 

0.6 t.4INote!
0.00 
0.70 
0.38 
1.13 
5.51 

22.6 

15.97: 
5-83,

Note 4 
Note 5.7

L.5' 
0.2 
2.4 

11.6 
47.5 
33.4 
12.3

0.3 1 0. Notes 610 
]39. 2. 289.51

Comp't 
NO.

12D

L2E 
L3A

L3B 
BC 

t32

14A 

14B

Sent:
Boric Aci

t4C
140

I5A

MOV
j 6 MOV

iTEMIZED LOADS 

lAR Sveater C 1

SUIl B-afta

,Ch ., Batr CIL IA

IF

ktaunts

2A

5CR

HG-P-I A

RB Vent thUt Fan

H12 Reoci
hiM[AE.42A

IA

HR-RI

DF-P-I A

7EL 

]IE

14C

AH-E-95A

MU-P-3AMake-up Pumro A Main

P-mp 

Puan 4453

KW IPF

-

9.R-V-3A RR-V-4A

Comtant Z

:ý3 
31 9

-Make-up Pump A Main MV-P-3A .4453

EQUIPMENT LJyp'+t,,I A I / y( ,• [ ,[ ] J• I ]

•r•r•lz z.

ZU0-I0IaI (;bt tKVA CAS

h

0.88 W. 0.5

v.,

0.88 2.7 5

0.88
3A

.0.88 15.9 33.4
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Calculation C-1101-700-ES5O-010, Rev. 2, Appendix 8.1 Load Tabulations

EQUIPMENT OPERATING LOAD 

Compt DAPPER lC0OtPo•er atNorminalBus LOCA at Nominal Bus Voltage 

No. Deacipti Tag No. BUS volt& .EMAIMS 

KW PF IQ I KVA Ry I PF Q IVA 

CONSTANT Z LOADS 
Heatinea Codl foi A2{*E-29A !AH*C*184A 0. 10000 a 1 1.0OO 0.010.  

1SD lBoeiAmidMlxTa-tkcHeaterlA CA-H-I 15. 1.00 R .0 15.0 I 
Is A 0,n,.1 1.0o0 0.0 0. 0.1- 1.001 0.01 ý0.1 

Subtotal Co-baut 44415. 007 0.0 F15.1 0-11 1.001 5.0 0.11 

TABLE IA TOTAL (EXCEPT CASES 4,81 
Totall(4440) 5 58.1i 0.891 27.7•627.93l 422.1 0.881 2297- 480.6T

REDUCTION OF CALCULATED TOTAL CABLE LOSSES FOR ITEMIZED LOADS
IAL 
IAR 
I BL Hanter Charger A
'BR Barter Churarjv C B& CILC IC 14474 
IDL DO Start-up Air Compressor O-P-I A 4441 
IF AD RooSlyinf, DHF&N _R(North AH;E.I A 4442 
ZA. DO Room Supply Fan (Nor~t) JAH-E-29A 14443

3A R5 Vent Unit Fan A AH-E-1A

sL Spet Fuel Coo i pn Ak Unit A JAH -4EA 
sI. jog AnI- A 1HM-AE" 
5CR [H2 Recombiner HR-RI
trot
SEL

IEL 
12C 
13E

Coot Itarbumt AirComnoresao'fll
DO A Fuel Punp

W- Pump
Spent Fuel Coolig Pump A

Jlf ti 1472 1 1~~: Ba '~ IA011847

"4445
4.444 
4475 

4454/, 
74446

AH-P-8A/B 
DF-P-IA 
AH-E-95A 
AH-E-l 9A 
AH-E-ISA 
BO-Y-IA

4451
SF-P-I A

0.41
-4 - =

0.6612

AH-E-24A

4448 
4449 

4400

"4457

0.0031

0.00021

14C JMake ,PurnpAMain Oil Pump MU-P-3A 14453
Intenemd. Closed Cooling Purno A IC-P-IA

Sub-Toat

WIA

0.3136

A (fl70
0.0003

0.0002

Ba.... I130 10 10.1

Sheet 5 of25
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IA

. . , 0026

.- - -

=,,

SDR Cont. TIvrlxut AirCompresso-M -f

AAA• I

Inv •-b• IA 4471

BatL ,CIL IA 4473 0.110g1

A

J
Butnum 0.1307 1-001 10.1
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Calculationa C-110 I-70M 5 100.010. Rev. 2. Appendix S. I Loud Tabulatjoers 

APPENDIX 8.1 
TABLE IA-V 

Loading of 480V (ES) Motor Control Center 1A (Valves)

EQU~NT__________ OPERAUtNGLOAD 
100% Power at Nomina Bus LOCA at Nominal Bus Voltage 

ComptL Description Tag No. DAPPER voltage REMARKS 
No. BUS 

&W_ -lw -wA KW PF 1W 0 _ 
]A 5MOV SS-V-2A 
IB MOY All-V-1B-- - -- 

]c IMOV IH.V-4A- 
IDL tFItr Unit IA Htr Cntl Pr AH.C-17A- - - - - -- _ ____ 

IDP. TankHeatTracc, BS.T.2A 4421 8.6 1.00 0.0 9. 8.6 1.00 0.0 8.61________ 
ZA MO IS-V-2A- - _ ______ _ _______ 

2B NiY W-V-SA- - -- - ______ 

2C MOV FW-V.92A- - - -

2D MOY MU-V-36- - -

3A IMOV DH-V-SA-- - ______ 

38 MOV DH-V-6A -_ _ _ _ 

3C MOY DH-V-7A----------------------- ______ 

3D MOV IC..V-79A----------------------- _____ 

4A Makc-upPPA=xOiiPP MU-P-2B Itemized----------------
QB MOV MU-V-ISA 
40 MOV MU-V-16B 
4D MOV MU-V-25 ___ 

5A IMOV CF.V-2A ___ 

5B MOV CF-V-28 B ______ 

5C MOV BS-V.IA- _ _ _ 

SD MOV MU-V-39 
6AL Lightir* Panel (EM) AB.1 4421 2.0 1.00 0.0 2. 2.0 L.00 0.0 2.0 Note I 
6AR 480V Recet A], A7 
6BL Heat Trce Panel 3A-1 4421 5.9 1.00 0.0 5.9 5.9 1.00: 0.0 5.9________ 
6811 HeaL Trce Panel 3A-2 4421 6.7 1.00 0.0 6.1 6.7 1.00 0.0 6.71 
6C Make-up Pump A Aux. Oil Pump MU-P-2A Itemized __ ______ 

6D MOV tV1DG-V-3 
6E MOV CA-V-4A 
7A 480V (Ea) 8SF Vent MCC IA IA-M.FSV-61 (4430)--------------- - -Load Listed Below 
7B MOV lC-V7C-T-------------------
7C MOV NR-V-4A _ _ _ _ 

7D MOV NS.V.4-------------------- - -______ 

SA IMOV N'R-V-16A---------------------- -

3B MOV NR-V-16B 
8C May WDL-V-305------------------

3D M8OV NR-V-5----------------------- -

9A MOV NR-V-SA 
9B MOV NR-V-S8 
9C MOV NR-V-IOA 
9D MOV NR-V-10B---------------------- ______ 

IOAL lHeatTracePanel 4A, 7A 4421 14,0 1.00 0.0 14.0 14.0 1.00 0.0 140_________ 
IOAR 480V Recept- A4.AS.A6 ___ 

10B Make-up Pum A GSear oil Pump MtJ-P-4A Itemized----------------
IOC- HeatTraeeParnel 2A 4421 10.4 1.00 0.0 10.4 10.4 1.00 0.0 10.4 _______ 

I0CR Heat Trace Pansel 3A 4421 4.21.0 0. .2 &.2 1.00 0.0 8.2 
I:O - MOV CQ-V-12 ___ 

SOEL 410 RecpL;Crane Eloist AZ, A3:MSS-A-28 ___ 

MV-r W~a rcarat.Xl 42-1 4.5 1.00 0.0 4.~ 4.51 1.00 0.0 4.5 
S~ubtota(CoeaatsntZ) 4421 60ir.31.00 0.01 .60.3 603j 1.00jO-0.0 603 

Notes: 
1. Changed PF from 0.88 to 1.00 for convenience, negligible effect on results.

Sheet 6 of 2S
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Caclation C-110 -700-E5O0O, Rev. 2, Apoendix $.1 ad Tabulation Sheet 7of 25

Desptipeon Tag No. ,s

OPERATING LOAD 
I00% Power at Nominal Bus LOCA at Nominal Bus Voltage 

DAPPER Voltage 
BUSI 

Kw,' PR T-Q IKVA KW[ I PF Y iCVA

REMAPCS

4A Make-uPPAxOIPP M-P- 4423 0.7 .881 0.4 0.1 0.7 .88 0.4 0.8 Notes. 2 
6450 jhako-uppump'wA A OiltP],p MU-P-2A 4422 0.7 88 0.4 0.1 0,.71 .88 0.4 0.8Notes ]. 2 e-p -p ar : 0- .1 .88 0.61 13 1 .88 0.6 1.3 Notes 1,3 

Subtoatal temizd . 2.51 0.881 1.31 2.8 2.51 0.881 1.31 2.8 

Notes 
I. Load offwhen MU Pump rmong but shown on in all DAPPER runs to get voltage drop, neg'ligible effect on MCC bus voltage, 
2. KVA based on FLA ofO.95A orom Reference 3,76, 0.88 PF assumed.  
3. KVA based on FLA of 1.SSA from Reference 3.7.6, 0.88 PF assumed.  

TABLE 1A-ESF TOTAL 
17A 1480V (ES)ESFVentMC ]A IIA480V.ESF 14430) 1 43.001 0.991 121 43.51 43.00 0.991 2.21 43.51App. 8.1, Table IA-ESE 

TABLE IA-V TOTAL 
- Total (4421) I105.8 30 3. 105.91 105.81 1.001 3.5 105.91

V
Co`711.

t= 
I

REMARKS



02/16/00 13:00:32 

CalculatcnC-1 101-700-E510,014. Rev. 2. Agpendxix 9. 1 .oadTabulations
Sheet 8 of25

APPENDIX 8.1 
TABLE IA-ESF 

Loading of 480V (ES) Motor Control Center lA (ESP Vent Systern) 

EQUIPMENT ________OPERATING LOAD 
100% Powerat Nominal Bus LOCA t Norrunal Bus Voltage 

Cornpi emlo Tag No DAPPER Voltage REMARKS 
No. Bus 

_W__ F Qw I KVA_ KW P 
1B Space 
IDL spare_____ 
1DR Spare- - - - - - - - _ _ _ _ _ 
IF Spare- - - -

1K Brte ae StorageTankHtr lA O)H-TI-HI Constant Z 
IM T fawCCIESP V-1- 
2BL jBleed Heater Ceontol Panel AIE-C-56A- - - - - -
2BR ISpare _ _ _ _ _ _ _ - - - --- _______ 
2IF Exhaust Fan A AH-E-137A 
2( jBleed Damnper AH-D-216A- - - - -- - _ _____ 
2M Tram-If for Panel ESpVl- 

-_______ 
3C MCC IAES Valves 
3GL Feeder for 3.5 KVA Transf ____ 

3GR FcedlertrPant1ESFV-I 4432 4.0 (3.88 22 45 4.0 0.99 2.2 4.5 ______ 
3K 120r,08W Dist. Panel ESFV.I __ ______ 

7 - 1rans11orl'aneJSFV7t- -

Subtotal (Constant tVA) 4432 4.01 0.881 22 5 4OT08 2.1 4.5.________ 

CONSTANTZLLOADS 

I A L 1.S T T LTotal (4430) 1 43.01 0.991 2,21 4.51 4.01 0.991 2.21 43.51
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Calculation C-I l01-700.E51O0l010 Rev. 2.Appeitdixc 8.1 Lead Tabulations 

APPENDIX 8.1 
TABLE IC-V 

Loading of 480V (ES) Motor Control Center IC (Valves)

____ EQUJIPME4NT OPERATING LOAD 
compt ~100% Power at Norrinal Bus LOCA at Nominal Bus Voltage EvkK 

W.~p Description Tag No. Dapper Bus VoltageREAK 

I_ _ _ _ A- kioagSmeK F _ KW PF Q KVA 

lB Space ____ 

10 Space ____ 

ID Sparec 
[B Make-up PmnpB GearOil Pump U-P--4B Ftemised 
2A MOV NR-V.13 
2B MOV NS-V-13 ______ 
!2C MOV NS-V-32 
2D MOV RB-V-2A 
.3A MOV DH-V.I 
-3B1 MOV DH-V-2 
,30 MDV CF-V-IA__ 
4A Spe 
4B rvQV DH-V-3 ___ 

4C ?Aov CF-V-IB 
5A MoV VA-V.8 
5B MOV RC-V-4 
5C mDv R-
5D MDV NR-V-19 
6A 120M20V Pri AD-B 
6B Cerwisforner for Mo A-B----------------------------------------_______ 
7A MDV EF-V-4 
7B mDv EF-V-5 ______ 

70 MOV VWDCIV-2 
7D MoV NR-V.18 
&A MDV MS-V-SA 
8B MDV mS.v.8B 
8C Spare
&D MONV MS-V-2A 
PAL. RlBLigiting Pnl CV.-R 4491 3.0 0.88 1.6, 3.4. 3.0 0.88 1.6 3.4 ________ 

9AR Jockey Pump Control FS-P.4 4491 1.6 0.58 0.9 1.8 1.6 0.88 0.9 1.8 _________ 

PBL. Fdrfor PnIAB-E Traszf.____ 4491 2.0 0.88 1.1 2.3 2.0 0.88 LI1 213 ________ 
9PER Imtrument Air Dryer IAQ- onstUAnZ - ____ ___________ 

PCI. RadMonitor RMA.1 4491- 1.2 0.89 0.6 1.A 1.2 0.88 06 . 1.4 ________ 

9CR RadMonitor RML..7 4491 12.7 0.88 1.5 3.1 2-71 0.88 1.5 3.1 _________ 

9D Spac ___ 

PE Space Not Available ____ 

IOAL C02 va orizer"Temp cnti an PGT-Z-l 
[OAR Generator C02Chriller PG-P-I 4491. 1.6 0.881 0.91 1.8 1.6 0.88 0.9 1.8 
LOU Caustic Pump CA-PA 
10C MDV msV.2B 
LOD Space ____ 

ICE Spac ____ 

I IA MDv PR-V-5 
L LB Sparec_____ 
tic MOV mS-V-Ic-------------------------------______ 
12A1. Rad Monitor er cabinet RM-A-14. 4491 2.6 0.88 IA4 3.0 2.6 0.88 1.4 3.0 _______ 

12AR Space _____ 

12B MOV NMS-V-ID 
12C MDV. MS.V.1B 
13AL NRI Pump B Disch Stnainct NR-S-4B Itesized 

13R el eloer ___520 49 1.6 0.88- 0.9 1.8 1.6 088 0.9 1.9 ________ 
13D Sparc ___________ 

130 MOV RR-V-3C 
]3) 1MDV MS-V-IA ___

JI be I able aelow
[Additional Cable Easses -CS~II ___ 

Subtotal (Constant KYA) 4491 13

Sheet 9of 25
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Calculation C- 10L-700-ESI 0-010, Rev. 2 Appendix 3.1 Load Tabulations Sheet 10df25

EQUIPMENT OPERATING LOAD 
Cmp't T -100% Power at Nominal Bus LOCA at Nominal Bus Voltage No. Descripioa Tag No. Dapper Bus Voltage REMARKS 

KW.I PF I Q KVA w Kwl PF Q -KVA 
rIEM.ZED LOADS 
LE Make-up Pnt B Gar Oil Pump MU-P-4B 4488 1.]1 .881 0.6 1.3 LIA .81 0.A 1.3 11otes 1, 2 
1I3AL INRPumpBDiseh Strainer INR-S.l3 4487 1 1.51 0.181 0.81 1.71 
14P. ]K C writ m ran C a-I. "4• 96.5 0.90 46.7 107. 51.3 4 0.70 52.3 72.3 

Subtotal (temized Loads) 96.51 0.901 46.7 107. 52.81 0.701 53.1[ 74.9 

Notes 
1. Load off when MU Pump running but shown on in DAPPER auns to get voltage drop, negligible effect on MCC bus volt 
2, KVA based on FLA of 1.55A from Reference 3.7.6, 0.88 PF assumed.  

CONSTANT Z LOADS 
19.R I ns•m•nt ILA-Q-1 1 " 5.41 1.001 0.01 51 5.41 1001 0.01 3.41 o e.0.211.0 1001 0-0 o. 021 oo oo" o.2el oe I 

Subtotal (Com°ttZ4491 I _.6 l5C.6 0.0 0 5.0 1 5.,61 1.001 0.01 5.61 

TABLE IC-V TOTAL 
Total 4490) 1 11.41 0.911 55.51 130-81 74.71 0.771 61.91 97.0T 

REDUCTION OF CALCULATED TOTAL CABLE LOSSES ORITEMIZED LOADS 
lz ,fake-up Pump B ear Oil Pump MU-P-A 4488 1 1 

13L I'tPm 3Dsh tier M 311 47 0.01561 0.571561 LqA - I'w•tj isSmLkAnC In--•.-L q4WO 0.2406 0.240 
Subtotal 0.25621 1 T 0.2562 I 

Calvulated Total 0.4316 0.4316 
Balance 0.1754 0.1754
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Ca[culaton C-1101-700-E510-010, Rev. 2 Appendix 8.1 Load Tabulations 

APPENDIX 8.1 
TABLE IR 

Loading of 480V (ES) Unit Sut
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EQOUPMENT OPERATING LOAD 
100% Power at Nominal Bus LICA at Nominal Bus Voltage LOAD DATA Compt Descrip6on Tag No. DAPPEU Voltage REFEDENCE No, BUSRE RNC 

KW PFF KVA KW PF' Q KVA 
I A nrulnent Comp't ._" 
IlB Main.Brlc 19-02- 

IC Fire -L
2A Spam.  
2B NS R Water Fp- A NR-P-1A 4T630 9O 0.889 61.3: 133.9 .0 0.0 - Note I 
2'C DH River Wa-trPump A DR-P-IA 4640 169.6 0.866 97.9 195.8 Note I 
2?D Screen W• Pump A . SW-P-IA 4660 102.1 0915 45.0 111.6 102.1 0.915 45.0 111,6 Notes 1, 2 
3A NS Rieý Water Pump B NR-P-IB 5470 119.0 0.889 613 13339 Note 1 
3B Second. Serv. River WtrPuni. A ER-P-1A 4650 169-6 0.g97 73.8 185.0 169.6 0.917 73.8 185.0 Note 1 
3C Spare 
3D Future 
4A Tic to 48V (=) USS 1T 1R-12 
4B Future 
4C 480V gES) SH MCC 1A 1

A,480V-ESSP (4620) 6'1 0.880 32.9 69. 64.5 0880 34.8 73.3 jApp. 8.1, TaM 1A-SH 
nuumfonnt LaD~e Lo_ - 0.0 

Total (4600) ;L31 0.9051 213.01 499.51 3-.- ! 0941 31-2.71 698.7

Y.0Sower factor rounded to two decimal places for DAPPER entry.  
2. Eliminated use factor from Reference 3.2.2 to obtain proper voltage drop.



02/16/00 13:00:32

Calculation C-I 101-DO-A•" 10,-0]0 Rev. 2, Appendix 8.1 LoadTablrafions Sheet 12 of 25

APPENDIX 8.1 
TABLE 1A-SH 

Loading of 480V (ES) Motor Control Center 1A (Screen House (SH))

____BQIPE1"____N OPERATIN LOAD 
100% Power at Nomin2l BUS 1.OCA at Nomuinal Bus Voltage 

Compt Description Tag No. Dapper Bus Voltage REMARKS 

W FF KVA KW PF KVA 
IA incoming Service 
MBL NR Water Pump Disch Strainer NR-S-IA itemized 
IRR DR Water Pumn Disch Strainer DR-SAIA Itemized 
ICL RR Water Pump Dibh Strause, RR-S.IA Itemized 
ICR Spare __....  

ID Spare 

1 F Sparc 
2A MOV NR-V-2 
2B m(ov NR-V-3- - - - - - - - - _ _____ 

2C Mov SR1V-2A 
2D Spare 
3A Space 
3B ,Space 

3C Space 
ID S1ý, 
3D Space 

3F Space 
4A Spa2• 
411 Space 
4C SH Vent FuipznrntPmp SW-P-2A 4628 13-7 0.18 7.4 15.6 13.7 0.88 7.4 15.6 
4D Spae 
5A Spacc 
5B Space -, 

5D Sp
6A Traveling Scr A SR-S-3A 4628 1.9 0.88 1.0 Z2 1.9 0.88 1.0 2.2 

STravling Screen C SR.S.3C 
6C Spam 
6D Space 
7A 12W08V Dist Panel SH-I 
7B Transrrmer for Panel SH-1 
SA Spare 
ZEL S
SBR Feeder for Pael SH-I Transfoner 4628 8.9 0.88 4.8 10.1 g.9 0.18 4.8 10.1 
SCL Spare 
ICR SR Water Pump Disch Strainea SR-S-IA 4628 1.4 0.88 0.8 1.6 1.4 0.M9 0.1 1.6 
OD Spam 
SEL Screen & Rake Control Power 
S -R Sparc 
&F Space 
9AL Bar Rake A SR-S-2A 4628 3.5 0.88 1.9 4.0 3.5 0.18 1.9 4.0 
9AR SH Vet Lump Disch Strainer A SW-S-2A 4621 1.0 0.1 0.5 1.1 1.0 0.18 0.5 1.1 
PBL Sm WahPP IA hStainer SW-S-lA 4628 1.5 0.88 0.9 1. 1.5 0.88 08. 1.7 
9BR Bar Rake C SR-S-2C " 
9C Spare 
9D Sparem 
9E Space _, 

9F Space 

10AL Space , ----...  

IOB, Spare

SH Rooftrn 462K•

_WT-P-33A 14628 r 13.0 0.88 . 7.01 14.1 1-01 0.18 " 7.04 14.81 
it Unloading Hoist A {MIS-A-I IA I I 1 I I I I [ I I

LOD 
IOE 
lOFL

4629 051 098 03 0 05 088 03 A
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Calei~atioo C-I 1O1-7M0E510-0 10. Rev. 2. Appendix 8-1 Load Tabulations Sheet 13of25

EQUIPMEN.T ___ OPERATING LOAD 
100% Power at N-ominal Rus LOCAat Nomainal Bus Voltage 

Campt Desoription Tag No. Dapper Bu otg REMARKS 
'No.  

3 OFR SH Trash Pit Uoloadingffoist B ?ý/GS-A-I SB 
31A 516 Unit Heater A AH-C-20A Cons=azaZ - - - - - - - - _ _____ 

1JIB SH Unit Heater B AH-C-20B ConstantE __ _ 

tic Airl~andli Untl'anA AH-E.27A Itemized 
11I) Aux Relay~op -2= - -

12A mov DR-V-IA 
1211 MOV NPR-V-IA - I 
12C MOV RR-V-IA ___ 

12D Is 1 4 
P.= W ELOM5 t.abLe LouSSC- -

Subtotal (Constant 1V 02%)3. 0.881 24.51 51.6 45.41 0.8 2. 5.  

CONSTANT Z LOADS 
11A S14 Unit eaterA JAH.C-20A 4628 .0.01 1.001 0.01 0.. 0.0 1.00 0.0 0.0 
1113 ISH Unit Heater B JAH-1-20B 14628 I0.01 1.001 0.01 D00 0.01 t -0 0.0 0.0[ 

110~na LAM Lt5 0.11 1.00 0.01A . 0.1 1.00 0 laco 
SUbtotal (Curnt-at Z)4628 0.1 1.001 0.01 0.11 0.1ý 1.001 00 .  

ITE12MJED LOADS 
IBL NR Water PumpDiscb Striner' NR-S-lA 4621 1.10.891 0, . . 088 9 1.8I 
IBR DR Water PumE Disch Stainer DR.-s1A 1.62 0.91 0I o 1.11 2.31 

)L RR Water Purno Disch Strainer RR-S-lA 14623 I 1.4 0.811 0.81 1-6 
Oi irHndg rditt A 5117--Vr 14.01 0.881 7.6 A IS. '4M08 76 1.  

-Subtotal fmized La-d-1 15.61 0.881 8.4 7. 19.01 0.881 10.31 21.69 

TABLE IA-SH TOTAL 
70,11(4620) 61.11 0.881 32.91 69.4 64.31 0.918 34.81 753.3 

REDUCTION OF CALCULATED TOTAL CABLE LOSSES FOR rfRMXZR'3 LOADS 

I1BL NR Water PupDisch Strairar NR-S-lA 4621 .I- - _ _____ 
I1BR DR Wafter~up Diasch Stainer DR-S-IA 462 00391.0049 _ _______ 

[1CL P~R Water PupDisch Strainer RR-S-lA 462 0.041.00241 I_ 
111c Air ttand1n"UntFaiA. AH-E7-27A O .98-1.298 ________

Calculi
01.0tota' tu.�uaaI 0).303 11

0.1202J11_i~E ziz1tz12__21
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Calculation C-I 101-700-ES1O-010, Rev. 2, Appendix 3.1 Load Tabulations 

APPENDIX 8.1 
TABLE IN 

Loading of 480V Unit Substation IN

EQV1PlvNT _ ___OPERLATINGLOAfl 

100% Power at Nominal Bus LOCA at Nominal Bus Voltago 
Conip' " DAPPER Voltage REMARKS Po D es crip tion T ag N o . B us 

•.KW PF IQ K'VA KW PF' Q T•VA 
IA Instament Comp. I 
IB Main Breaker IN-02 . •-' 
IC Control Buildiag H&V CC 480V-CBHV 4200 342.8 0.88 185.0 389.5 342.3 0.39 135.0 399.? 
2A Tic to 430V USS 1L & 1J IN-12 
2B 'rb•ne Room Crae Rails MIS-A-3&4 
2C S.S. Closed Cooling Water Pp. C SC-P-IC 4200 117. 0.389 60.5 132.2 lI75 0.8 60.5 132.2 

I' wyTan , s otr. Sw. Ai l-A/b ( , Kv ) 4200 475 0,9 q 8.4 1 7, . 0.. 8.4 17.7 Total (Constant KVA) 142W 1 475.91 OL88f 254,21l 539.4| 475.9! 01MI 24.01 539.4

Sheet 14 of 25
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Calculation C-1101-700-E510 "10, Rev. 2, Appendix 9.1 Load Tabulations 

APPENDIX 8.1 
TABLE IE 

Loading of 4.16 KV (ES) Switchgeor IE

Sheet 15 of 25

EQUIPMENT _____OPERATING LAD 
I 00% Power at Nominal Bus LOCA at Nominal Bus Voltagp Comp't Dsro TgN. DAPPER 'Voltage REM'ARKS 

No. "Dcsplion Tag No. BUS 

1El Inconing Breaker Aux Tramtf IB IB Aux XfiKr * L I 

TE2 sBO Diesel Generator EG-Y-4 
]E3 Diee] Generator1B EG-YB 
IE4 Spare 
1E5 Ergticy Feed Water Pump B EF-P-.B 5010 406.0 0.950 251.6 477.6 "' 
tE6 4M0V (ES) Unit Substation 1 IS-480V-ES (5100) 984.0 0.913 439.3 1077.6 1033.6 0.900 499.9 1148.1 App. 8.1, Table IS 
1E7 DH Remova- Pump B DR-P-lB 5020 299.0 0.920 127.4 325.0 
1ES Make-up PuMP C MU-P-IC 5030 588.3 D.922 247.1 638.1 Note I 
IE9 Make-up Pump B MU-P-lB 5040 588.3 0.922 247.1 638.1 588.3 0.Y22 247.1 63'.1 Note 1 
IEMo RB Spray Pmnp B BS-P-1B Z50 204.0 0.920 86.9 221.7 
1Ell RB Emrgecy CoolingRW-Pump B RR-P-IB 5060 302-9 0901 145.8 336.2 Note I 
I12 480V (ES) Unit SubstatNn iT IT-480V-ES (5300) 611.1 0.907 292.9 673.3 622.5 0.894 312.4 696.5 App. 8.1, Table IT 
13 Spare 
M14.' Inomuing •rr-ar Aux Iransa tA I7 A-A- -- - -- -- 

T Lota 218s3.4FU0.91 969.21 238.&1404.6 1 ý118.1 4476.4 _ _ _ _ 

NOTES 
1. Power factor rounded to two decimal places for DAPPER entry.
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Calculation C-1101-700-E510-010, Rev. 2, Appe-dix 1.1 LozdTabulations Sheet 16 of 25 

APPENDIX 8.1 
TABLE 18 

Loading of 480V (ES) Unit Substation 1S 

]EQUIPMENT OPERATNG LOAD 
100% Power at Nonisaal Bus LOCA at Nornal Bus Voltage LOAD DATA 

Comp. Description Tag No. DAPPER VoltageREFERENCE No. BUS 
KW PF p VA KW I PF Q I KVA 

1A Insaument Compi 
IB Main Breaker IS-02 - "-'
1C0 480V (ES) MCC B IB-480V-ES (5020) 523.3 0.190 269.0 528.8 4695 0.125 247.0 530.5 App. 8.1, Table lB 2A DH Closed CooFig Water Pump B DC-P-lB • 5260 70.4 0.870 39.9 80,9 

2B CB Waler Chiller B AH-C-4B 5250 130.0 0.90M 63.0 144.4 130:0 0.900 63.0 144.4 

2D R-utur 

TA- Presmudzr Heater Group 9 RC-OBP-9 
3B Future 
3C NS Closed Cooling Water Pump' C NB-P-iC 5240 101.0 0.90S 47.5 111.6 89.1 0.905: 41.9 98.5 Notes 1,•2 
3D NS Closed Cooling Wat Pump B NS-P-lB 5270 89.1 0.905 41.9 98. tNotes 2,3 
4A Tie to 480V (ES) USS IP 1S-12 
4B 480V (ES) Vahv, MCC 1C IC-480V-ESV (4480) 118.4 0.905 55.5 130.8 74.7 0.770 61.9 97.0 App. 8.1, Table IC-V 
4C 420V(ES) 1B IflB480V-ESV (5280) 110.3 0.99 4.3 110.9 110.8 1.00 4.3 110.9 App. 8.1, Tablc'lB-V A____ ,___,,__, _______t_'__ ________0.0 o.•na 0.0 0.  

Total (5200) 994.01 0,9131 439.531 1077.611033.61 0-9M 4l99.|1!48.1 

NOTES 
1. Loading for Case 4BNS and 8B is 105.3KW (116.4 KVA) per Assumption 4.5.  
2. Power factor rounded to two decimal places for DAPPER entry.  
3. Off for Cases 4BNS and 81k
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Description Tag No. DAPPER 
BUS

100% l'owcraiNomnanl Bus 
Voltage

LOCA at Norrinal Bus Voltage

___rK_ P Q KVA -KW PF Q KVAI 
IAR ]rwcrtcrD Inv~erter ID -- teized - - --- _______ 
IBL Baar attery Cagr8BrCh. lB Itemized - F ____ 

IBK Battery Charger D Battery ChI D Iwteized
ICL Battey Chrger F BateY CIL IF Itrned
ICR Regulating Trarmformer B 5236 4.0 0.88, 2.2. 4.5 . 08 .6.  
I D lAir C~oolng Fin B for DH"ZN pumps A13-E-I SB Itemized 4.0-----------4.  

IEL Hydrogen Analyze CL. B HM-AE-42B ItczTized 
IER SPUr - - - -- - - ________ 
IF Boric Acid Mix Tank Heater lB CA-H-2 Constantz -- - - - -

2A Make-uR Pienp C Wain Oil Pwmp MU-P-lC Iteized---------------
2B Space
2C Boric Acid Pump B CA-P-lB _5236 2.5> o.88 1.3 2.8 25 0.88 1.3 2.8 
2D Backpto Panels PMl & Pw Pmi &PM2a 
3A IRB Vent Unit Fan B Al-E-lB; Itemnized---------------------
4A IEFWPnPOmSnPmB SD--3 5236 1.2 0.88 0.61 1. 1.2 0.881 0.6 1.41________ 14B EFW Pump RoomnB Sump Pmp B SD-P-8 5236 1.2 0.88 0.6 1.4 1.2 0.88 0.6 1.4 
4C RC EE2IplB Oil Lift Punp, Rfl-P-2Btl 5236 98 08 52 1.Noe 
4D KC Pu DOlKAPmC-P-2D-I 5236 981 0.88 4.7 1. ~L ote 2 

4E Spare _.____4-_99 ot 

4FL Control TwrLigtinjg par(ml CT-i 5236 19.7 0.88 10.6 22. 19.7 0.88 10.6 22.4 
4F Intfled Bldglnst Air Cop IA-P-2B I____ 

SA 1AuxBldgSumpPampB WDL-P-5B 523.6 7.4 0.88 4.0. 8.4 7.4 0.88 4.0, 8.  
5B ~ent AirCompi~r rB IA-P-lB ____ 47.5 0.88 25.64 54.0 47.5 0.88 25.64 54.0 l'Iotes2. 4 

5C Control Bldg Booster Fan.B AH-E-95B Itemized 
5D Space___ - - -- -

6A spent Fuel CoolingpxrmpB Sit-P-IB Itemnized 
6BL DOFuel Pump DF-P-1C Iternized 
6BR Space-- -

6C Cmtrrnl Bldg Ream Fan B AHE-H19B Iterlmizd - - --

6D) Control Bldg Chilled Wtr ?=I)B AF.P.3B Itemized - - - - - - - _______ 

6E CAWr Bldk Emeffi Vent supply Fan B AH-E-18B Itemized -_______ 

7AL Suszt Diesel lt Dist PnI (Ernac) D-26 5236 
7AR 112 Recorohine (Back-up) HR-RI Itemized --- -

7BL Cottt Twr Inst Air Cornpsaor 42 AH-P-9A/B Iternized--
7BR IDGAodliazies EG.Y-lB Itemized 
7C PenctrationCoolingFeaB AH-E-9B 3236 64.2 0.88 34-7 73. 64.21 0.88 34. 73.0 ol _____ 

7D Space 

8AR Scv Bldg Lsjating Pancls@EM) SB-142 5236 4.2 0.8 2.3 4.8 4.2 0.88 2,3 -4.1 
8R Med Comp Computer Power (Conaan AýTO __ 

&B Spent Fuel Cool PýumpAir UnitR AH-B-88 Itemized ---

801. Feeder forPanelCT-E Transf~ (1m£~ig) 15236 4.1 0.88 22 4.7 4.1 0.88 2.2 4.7 
8CR IDG Startup Air Compessor SOG-P-lB Itemized 2 

8D AuaxRela Const RIB 
9A 12=0320V Dirt paýnel CT-B 
9B Transformer forPanel CT-E- --

IOA Intermed CC Pursmp I C-P-lB M26 M6. 0.88 30.51 64.2 43.1 038$ 23.3 49.0 Oj ____ 

lOB Mvlo RC-V-3 
10C MOV RC-V-2B 
1 IA IMOV CO-V-14B 
jIB Normal Vent Supply Fan AH-S-17B 5236 35.9 088s 19.4 40.8 35. 0.88 19.4 408. Note I 
11C Spame_____ 

MI WOY RB-V-7 

12EI Space--- 
12CL Rad Moftitor iRMA-8 3236 1008 . . . 08 05 11_________ 
112CR Ispare __._ _.8_0.____________051 .1

02/16/00 13:00:32 

CalulationC-l10I4-11-E10.010, Rev. 2Z Appendix 8.1 Load Taburlationss 

APPENDIX 8.1 
TABLE 113 

Loading of 480V (ES) Motor Control Center 1B

CmP~t 
No. REMARKS
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Calculation C-1I0l-700-E510-010. Rev. 2. Appendix 8 1 Load Tabulations Sheet 1 a of 25

EQUIPMNr OPERATNG LOAD 
100% Power at Nominl BaU LOCA at Nominal Bus Voltage 

Comp-t Dwaiption TagNo. DAPPER Voltage REMARKS 
No- BUS 

KW PF Q KVA KW PF Q KVA 
12DL Rad Monitor RMA-2 5236 Ui 0.88 0.6 1. 1.1 0.88 0.6 1.3 
12DR Spare 
12E Space 
13A Main Turbine Oil Lit Pump LO-P-70/8H 5236 10.4 0'88 5.6 11.8 NoteS 
13B MainTurbine Oil Lift Pump LO-P-71/J 5236 10.4 0.88 5.6 IL& Note3 
13C Air Cooling Fan B for EFW Pump AH-E-248 Itemized 
130 Spare 
13E DG Room Supply Fan (South) AH-E-298 Itemized.......  
13FL CB Liging Panel(Nonn) CT-2 5236 14.7 0.88 7.9 16.7 14.7 08 7.9 16.7 
13FR 'DG Room Heating Coil for AH-E-29B AH43 -176 Constant Z 
14A MOV R.Pi-V.4B
1483 MOV iR.,VA4D - - - - - - - _ _ _ 

140 MOV RR-V-3B 
14D MOV CO-V-llB 
15A Spare ......  
15B Remote Shutdown Pal B 
15c Spare 5--
15D MOV EF-V-lB 
15B MOV EF-V-2B .....  

Ad•dlonaJ cable LOsses I- -- - - e able l3ealow 
Sub-Total (CeasftnOIKVA EXCEPT CASESA 52-36 -2-65-2-F0881 143.131.1 20431 .884 110.31 232.2 

Sub-Total (Ceontant KVA CASE 4 ONLY),5236 123. 4A 0 116.51 261.8 , 
Sub-Total (Constant KVA CASES ONLY) 5236 1 255.21 0.881 137.7- M0.0.I 

NOTES: 
Note 1. ON for all LOCA cases except Cases 4 and 8 where AH-E-l8B 
Note 2. OFF for LOCA Block Sequencing Cases 5,6,7.  
Note 3. OFF for LOCA Block Sequencing Cases 5,6,7 and Case 4.  
Ngte 4. Power factor assumed to be 0.88 for conveienee, 

ITEA-2ZED LOADS 
IAL InverterSB Inveter MB 5241 5.8 0.88 3.1 6.6 5.8 0.88 3.1 6.6 
tAR L-verter D Iaaveter ID 5242 4.7 0.88 2.5 5.3 4.7 0.88 2.5 5.31 
IBI HalteryCharserfB BaLM ILeC IB 5243 4.5 0-88 2.4 5.1 4.5 0.8 2.4 5.11 
IBK UBiteryCharerD BatteryCkL ID 5244 4.4 0.88 2.4 50 4.4 0.88 2.4 5.0 
ICL Battey ChargeF Ba, CtteLyC. IF 5245 0.5 0.88 0.3 0.6 0.5 0.18 0.3 0.6 
ID Air Cooling Fan B for DH&NS Pumps Al-EIa5B 5221 2.8 0.88 15 3.2 2.8 0.88 1.5 3.2 
IEL HydrogenAn*= Ch. B M--AE,-42B 5246 1.2 0.8a 0.6 1.4 Note I 
2A Make-up Pump C Main Oil Pump MU-P-3C 5222 0.5 0.88 0.3 0.6 05 088. 0.3 0.6 Notes 6,9 
1A RE Vent UnitFanB AH-E-IB 5223 96.5 0.90 46.7 107.2 51.3 0.70 523 73.3 
50 Cotrol Bldg Botet Fan B AH-E-95B 5224 2.0 0.88 1.1 23 2.0 0.8 1.1 2.3 
6A Spenr. FuelCoolip. Ptmp B SF-P-IB 5237 34A 0.88 18.6 39.1 
6BL Dj FuelPump DF-P-IC 5225 0.7 0.88 0.4 08. 0.7 0.88 0.4 0.8 1Note 3 
60 Conol Bldg Return Fan B AHF-1-OB 5226 9,8 0.88 53 11.1 9.8 0.88 5.3 11.1 
6D Control Bldg Chiltd Wtr Pump B AH-P-3B 5227 2.5.1 088 8.2 17.2 15.1 0.88 8.2 17.21 
6E CntrlBldgEmerg VentSupplyFanB AN-E-1lB 5228 45.0 0.88 24.3 51.1 Note4 
JAR H2 Revombino (Back-up) HR-RI 5247 42,0 1.00 0.00 42.0 Note 1, 8 
7BL Cont Twr Inst Air Compressor #2 AH-P-9A/B 5234/5235 13 0.88 07 1.5 1.3 0-88 0.7 1.5 Note 2 
7BR DO Auxi-liaies EG-Y-IB 5229 29.4 0.88 15.9 33.4 29A 0.88 15.9 33.4 Note 5. 7 
8B Spent Fuel Cool P= HAirUnit B A3-E-SB 5231 ,2.0 0.88 II 2.3 
SCR DGStstupAirCoinpMeso EO-P-lB 5230 5.0 0.88 2.7 5.. 5.0 0.88 2.7 5.7 
tic' a~..i.r.. c.cmm... Ant' A ., ,- - -

13E [xj Knootn Spply ten(S tou 6.4
tb-Tot l r d Ls- 2 ) I ± 112 0.8 6 273.83 249.7 0.881 H tb-TOW (ftlemiwd -xEAM~ (5220) F24-3-11 0-491 1-).S61 273.81 249.7f 0.-88 -3

13.4

NOTES: 
1. Manually applied load - OFF for Block Load Sequencing Cases 5, 6 and 7, and Case 4 ON for Case 8.  
2. This load is entered for Bus 5234 only. Bus 5235 load = 0.  
3. Eliminated use factor from Reference 3.22 to obtain proper voltage drop.  
4. Manually applied load included in LOCA Case 4 and 8 only in lieu of AH-E-17A. Load based on Reference 3.7.22 data.  
5. Load when Diesel is running is 0.6KVA (Assumption 4.24) - Applicable for Cases 4, 5, 6 and 7.  
6. Load off when MU Pump running but showib on in all DAPPER runs to get voltage drop, negligible effect on MCC bus voltage.  
7. Load revised from 19. 8 KW in Ref. 3.2.2 to 29.4 KW to eliminate EG-H-IB use factor, 0.88 PF assumed.  
8. Load is predominantly resistive, use 1.0 PF, constant Z load type.  
9. Load increased from 0.4 kW to 0.5 kW to force DAPPER to report voltage result.

2 an ll• II RX h• I
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Calculation C-1 101-700-11510-010, Rev. 2. Appendix u. Load Ta],ua~ons
Sheet 19 of 25

EQUIPMENT OPERATrNG LOAD 
100% Power a 2/omiial Bus LOA at Nominal Bus Vol-tage 

Cecito TagNo. DAPPRR volta~e REMARKS 

]Z I IKW IPF Q IKVA IKW I F IQ IKVA 

CONSTANT Z LOADS

cTank Heater IB ICA-H.2 H 52236 1 50 .0 .Il 5.0 1.E0 0.01 15.0 
tin ColoASS.E.29B JAI-LC-176 j523E6 001,0 '* .. 0!I .01 .2 GCoo0.

-- 1 6' - 0.5~ l.00 0.01 0.5
LI 1-*' 1.0 Y.L. 15.5

1 0.01 0.51 
0.0 ý15.5

TABLE lB TOTAL (ECEPT CASES 48 

REDUCTON OF CALCULATED TOTAL. CABLE LOSSES FOR TrEMMZE LOADS 

IBL Batter/Ch~gprB B~alteeyCblxB 5243 0.1134 1 O13 
IBR BatteryChargesD) BateryCh. ID 5244 0.0972 _ 0.0972 _ 

ICL Battery Charger F Battr Chi. 1F 5245 
ID Air CoolinFan Bfor DH&NSPumps AI(-1-15B -5221 
1IE Hydrogen Analyzer Chi. B M(-AE-42B 5246----------------------
2A MAlCcupPm C main Oil PumP MtI-P-3C 15n22----------------------
3A RB Vent Unt tan B AH-E-IR 5223 0.366 0.3W
5C Con xlBldgBooste:rFanB _ At-8-953B 5224 
6A SpMFuel Coona ýunp 1 SFuP-l R 5237 
6BL. DO l Il~mp DF-P.tC 5225 0.0005 __ 0.0005 
6C .ControlBldg RetrnFan B AH-E-19B 5226- _ __ 

6D Control Bldg Chtilled Wtr PuiB AH-P.3B 5227 
SE CntrI Bldg Egneim Vent Supply FanB A-H-lO1B 5225 
7AIR H2 Reccombiner (Back-up) HR-Ri 5247 --- - - - ______ 

7BL Cont Twrnt Air Coenpreor 2 AH-P-9A/8 $234/5235 0.00421 0.0042 _ 
7BR DO Auxciliaries B-G-Y-IB 5229 0.00031 0.0003 
SB SetFuel Cool Pumpl Air Uniut B AH-E-3B 5233 
8CR DG Startup Air Conipreasor' , '&p-1B 5230 0.1I429 0.1429 
13C Air Coolirg Fan B i'orEFW Pum AH-E-24B 5233 
13E IDGRoom Supply Fan (South) A.H.11-29B. 5232 - --- ______ 

4FR lntned Bldg Inst AirComp IA-P-2B ~7 * - - - 0U.-_______ 
Sub-Tat-' 0.8330] 1 11 1 0. 3301 1__ ________1_ 

"CaculatediTotal 1.3372] 1__ 1 1 .1337 I__ I ______I_ 

Ballance 10.5042111.00.0-0.5G.] 0-50 LOO _ 0.01 0.5

-
. ý:ý I

11F 
113FR

j
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Calculation C-1101-700-E510-010, Rev. 2, Appendix 8.1 Load Tabulations Sheet 21 of 25

E.U.I.M.T OPE0ATNG LOAD 
I DAPPER 100% Power at Nominal BE LOCA at Nominl Bus Voltage LOAD DATA 

Comp.t DJdption Tag No. BUS Voltage REFERENCE 
,,,= I L D K .W I P F I Q ( A K W I P F [ Q [ K V 

ITEMIJZED LOADS 

6 LA NMake-up hnB.%MainOill-, MU-P-3B 52wi ' .51 0"881 0.271 0.• 0.5" 0.98l .271 0.6lNowe 1,21" oe , 

.; [MC-up Rmp C: AUX ',.. rump .Mu-r-zt •- 07 881 0.41 0.81 0.7 .8 0.41 0.8 Notes 1, 3 
SubtotaI teMIZed) . 0.88 0.6 1.3I 1.11 0.88 0.6 1.3 

Notes 
1. Load offwhen MU Pump running but shown on in all DAPPER runs to get voltage drop, negligible effect on MCC bus voltage, 
2. Load increased from 0-4 kW to 0.5 kW to fore DAPPER to report voltage result.  
3. KVA based on FLA ofO.95A from Reference 3.7.6, 0.88 PF assumed.  
4. KVA based on FLA of 1.55A from Reference 3.7.6, 0.88 PF assumed.  

TABLE IB-ESF TOTAL 
7A 4S0' ES) RSF Vent MCC lB t18-480V-ESF (5290) 45.91 0.98-3.7j 46.1 45..91 o . 3.71 46.8lApp..,,TaIB-ES[ 

TABLE lB-V TOTAL 
Total (5280) I 110.81. 4.3 110.9t 110.4 1.0 4.31 110.9]1
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Calculation C-I 101 00-ESI "10, Rev. 2 Appendix 8.1 Load Tabulations Sheet 22 of 25

APPENDIX 8.1 
TABLE 1B-ESF 

Loading of 480V (ES) Motor Control Center lB (ESF Vent System) 
__u__ _ _ _ OPERATING LOAD 

100% Power at Nominil Bus LOCA t Nominal Bus Voltage 
Comp't Desciption T4No. DAPPER Voltage RSMARKS 

No. BUS 
KW PF Q KVA KW PF Q ICVA B Spac 

IMDL LiggPanel (EM) FHI. 2.9 0.8 " 1.6 3.3 2.9 0.88 1.6 3.3 1 
IDP Ispare, 
IF Spare 
1K Borated W g- $torageTank Htr I1 DH-TI-H2 constant Z 
IM Transfornr for Panel E3FV.2 
2B1 Bleed Heater Control PIM. AH-C-56
2BR Spar
2F Exhaust Fan B AH-E-137B --.

2K Bleed Daper AH-D-216B 
2M TrasforimerforPanel ESFV-2 
3c locomi•gLine 
3GL Feeder for 3-5 KVA Tnosfnm-cr "--" 
3GBO Feeder for Panel ESFV.2 _5292 4.0 0.88 2.2 4.5 4.0 0.88 2.2 4.5 
3K 12=0/V Dist Paul ESF V-2 
39M Ira 0f re Panel EMFV-2 

Subtoa (Constant KVA)5-292 6.91 0.881 3171 7-.F 6.1 0.8o8,"25717 

CONSTANT ZLOADS 
IK Berated WaterStorag Tank-Htr- 1-TI- 1 39.N 1-0 .00 39.0 39. 1. 0.0. 39.  

subtotal (costat )15292 39.01 1.001 .01 39.o0 39.0 1.001 0.01 39.01 

TABLE 1B-ESF TOTAL 
I Total|(59) 2 45.91 0.9- 3.71 46-81 45.4 0.981 3.71 46.81
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Cakulation C-I 101-700-E510-0 10, Rev. 2, Appendix 8.1 Load Tabulations Shet 23 of 25

APPENDIX 8.1 
TABLE IT 

Loading of 480V (ES) Unit Substation IT 

EQUIPMENT OPERATING LOAD 
100% Power at Nominal Bus LOCA at Nominal Bus Voltage 

Comp't Desciption Tag No. DAPPER Voltage REMARKS 
No. BUS 

KW I PF 0 1 KVA KW PF Q KVA 1A - watet Compt 
1B MainBreaker IT-"-02 
IC Fire Pump PS-P-2 

N2 so= 2B NSRiverWaterPumpC NR-P-IC 5430 119.0 0.889 61.3 133.9 0.0- 0.0 Note 1 
2C DH River Water Pump B DR-P-LB 5440 F 169.61 0.866 97.9 19.8 Note 1 
2D Future -I 
3A NS River Water PumpB NR-P-LB S1470 119.0 0.889 61.3 133.9 Note I 
3B Second ServRivcr Water Pump SR-P--B 5450 161.5 0.917 70.3 176.1 161.5 0.917 70.3 176.1 Note I 
3C Second Ser, RiverWaterPump SR-P-1C Sao 161.5 0.917 70.3 176.1 Note 3 
3D Scrom Wash Pump B SW-P-1B 5460 102.1 0.915 45.0 111.6 102.1 0.915 45.0 111.6 Notes 1, 2 
4A Tic To 480V (ES) USS IR 1T-12 
4B Fture
4C 480V (ISMc" B-480V-ESSH (5420) 67.0 0-880 36.1 76.0 70.4 0.880 37.9 79.9 App. &. Table IB-SH Add,,o_________A.11 I__J_.... u.o _0.0 0.0 o.y I.To 0.0 0.0 

Total J540)- 6t1-11 U0.9o71 282.91 671.11 oz _. 941 312.41 696.5 ........  

NOTES 
1. Power factor rounded to two decimal places for DAPPER entry
2. Eliminated use factor from Reference 3.2.2 to obtain proper voltage drop.  
3. ON ror Cases lB. 2B
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Calculation C. I101-780-ES 10.010. Rev. 2, A~ppndix 8.8 Locad Tabulations
Sheet 24 o[25

APPEND[X 8.1 
TABLE IB-SH 

Loading of 480V (ES) Motor Control Center lB (Screen House (SH)) 

EQUIJP?.%NT OPERATING LOAD 
100% Power at Nominal Bu3 LOCA at Nominal Bus Voltage 

Comp't Dosviipdon Tag No. DAPPER Voltage REMARKS 
BUS 

KW_ _ W F KVA KW _F Q 

is MoY NR.V.IC'- -

IC IMOV ERMN-V-B
LDL NR Water.Purp Birch Strainer NR-S-IC Itemized - - -- - - - ______ 

lDR Screen & Rake Control Power ____ 

tEL DR Water Pump Disch Strainer DR.S.1B Itemized- - - - - -

ER RR Water Purnip Disch Strainer RR-S-]B Itemized - - - - - - - - _______ 
2A MOV NR-V-7 
2B MOV SR-V-lB 
IC IMOV SR-V-lC- -- -- - ______ 
2D ITrayeling ScrccztB SR.-S-3B 5428 L9 088 1.0 2.2 18 0.8 1.0 2.2 ______ 
3AL Spacee______ 
3AR SH Overhead Doors - -- - - -

3BL Sar4~akeB SRI.S.2B 5428 1 3.5 0.88 1.0 4.0 3.51 0-881 -. 4.0 __ _ __ _ 
3BR Sp 19 4. I________ 
3C SH Vent Equip PtM SW.P.2a 5428 13. 0a88 7.4 15.6 13.7 0-8 7.41 156 
3D Air Fadung Unit~art B AH.E.278 Itemized 
3E Sp-ac- - - - - - - - - _______ 
4A Unusable- - - - - - - -

QB Spac - - - - - - -

4C Lube Purnp WT-P-33B 5428 13.0 0.88 7.0 14.8 13.0 0.88 7.0 14.8 
4D Space 
4E SEace 
5A ISPa - -- - - -- -
SB3 Unit Heater AH-C-20C Constant 2 Z 
5C ClaoIne House Unit Heater A-C-18A ConstantZB____ 
5D M&i Meae= AH.C.20D Constant B 
SE Diem]llFire PPRNUanit Hcatcr Ant-C-2OB CoostaotZ- - - - - -

6A Spare ____ 

6C HSulyatAH-E--59 itemized - - -- - - ______ 
6D Spare- - - - - - -
6E Chslorine House Unit Hcate AH-C-18B ConstantE 
6F Spare- -- - - -- _____ 

7AL 480V Recept SI. S2 
7AR SP WatePup isch Strainer SR-S-lB 5429 1. 0M8 08 1.6 L. 02.8 0.8 1.6 ______ 
MBL SR Water Pump Disch Strainer SR-S-1C 
7BR Spae- - - - - - - ______ 

7CL Spae 
7CR SH VeA unt Ditch Strainer 'tW.S.2B 5428 1.0 0.89 L5 1.1 t.0 0.88 0-S I.11________ 
7DL. SH Wash un, Diach Strainer SW-S-lB ,5428 1. 0.88 0.8 1.7 1.5 0.83. 0.81 1.7 _________ 

7DR Space __ 

7E1. Space 
7ER SpaE CL-Z-2 
7FL FeederforPamel SH-Mrana 5428 33.7 0.88 7.4 15.6 13.7 0.88 7.4 15.6 
7FR Spare- - - - - - - - - _________ 
&A 112MO20V Panel SH-2 I 
MB Tranasformer for Panel SH-2 
9A .AuK -ty- -p 

9B3 Chlorine; Eject Booster Pomp CL-P-2- - -
9C IChlorine Hous Eyhawa 1e H..2 54211 09 08 0..9 0.88. 0.51 1.01_______
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Calculation C-1 101-.700ES 10-010. Re.v. 2, Appendix 8.1I Load Tabulatisnas
Sheet 25 of 25

________OPERAkTIMOLOA.D 

100% Power at Nominal Bus LOCA at Nominal Bus Voltage 
NO.w' Description Tag No. BUPESVo~ REMARYS 

KW_ _ IF- _~ 0 KVA _ _ __F VA 
901. 480v Recept 5 
9DR Spare- 

- -
10A M0V DR-V-rn_ ý 
109 Spare- 

- -

10D Spare _____ 

11 D ISpare____ 
I Adlitional Cable Losses Cortstant Z __ 

-Subtotal (ostn KVA] 3428 -%6 =0J2L13 ."I[ 5061 0. 27.31 57.5 ________ 

CONSTANTZELOADS 
SB unit Heater, AH-C-20C 1Constant Z 0.0 1.00 0.0. 0.0 0.01 I -0.01 0-0 
5C Chlorine HotmeUnit Reate't A-0-ISA Constant Z 0.0 1.00 0.0 .j 0 .0j lm 01 0 .0 
5D jUnit Heater [AM-C20D Constant z 1i 0.0~ 0. 0. 100 0.01 0-01 

66 Chlorine House Unit Heate AH-C-18B. Constant Z 0.4 I. 0.0 0. 0. 101 001 0.00rJ J Additional Cable Lostes Costantt Z V..1 A4 0.0 0.2 0.21 ' 0.01 0.Se Table Be~low Subtotal (Consqtat 5428 0.21 1.0 0. 0 2 0 0.0 02 

ITEMIZED LOADS 
IDL NR Waterm Disch Strainer NR.S-1C 5429 1.45 0.88 0).91 1.8 1. 0.8 0.9 1.  
lEL DR Water Purp Dich Striner DR-S-lB 5424 2 0.8 .12.3 
IER RRWaWter Diach Stine R4-IS 542 1.4 0.88 0.8 1.6 

ý3D AirHan4diigUnitFanB. AH-S-27D 5426 14 .8 76 15. 14. 0.88 7.6 15.9 
6C SH Supl Iart A31.E-58 5427 0 0.8 0.3 0. 0. 0.88 0.3 07 

Subtotalt(amrized Loads _ 16.21 0.88 8.71 18.4 19.61 0.881 10.6 -22.3

TABLE 11B-SR TOTAL 
Tatal (5420) 6 7.0 0.88 3. 76.0 70.4 0.881 37.91 79.91 

RED3UCTION OF CALCULATED TOTAL CABLE LQSSE;S FOR ITEMIzED LOADS 
IDL I'm sePumpl)'.cstralino. -NR.S-lC 5429 0I00TM0 1.00 1~- - _____ 

IEL IDRWater PurnP Disch Suainer DR-S-lB 5424 003D36 j0.0036 ________ tEE IRR Water PumpDsch Strainer RR-S-IB 54-25 0.00261- J0.00-26_____ 
3D AirHaztdlin UnitFsB AHE-27D 5426 0.2821 - 0.2821 - - - ______ 

Su btotal 0.2886 10 .28 86 _ _ _ _ _ 

CakulatedTotal __ 0.4388 _ 0.4388 
1lance 1__ 0 1502 052 _____ _______
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Calculation C- 1101-700-E510-010, Rev, 2 Appendix 8-2 

DAPPER Load Types Page I of 2 

POWER TOOLS LIBRARY DATE 17 DEC 98 TIME 11 3 AM PAGE 1 

LOAD DEMAND TABLE FOR CASES 1-9 

LOAD DESCRIPTION LOAD 1ST LEVEL 2ND LEVEL 3RD LEVEL % LEAD LCL 
TYPE KVA % KVA % KVA % PF LAG FACT 

1 CONSTANT KVA(70) K ALL 100. ALL 100. ALL 00. 70.0 LAG 1.00 
2 CONSTANT KVA(85) K ALL 100. ALL 100. ALL 100. 85.0 LAG 1.00 
3 CONSTANT KVA(86) K ALL 100. ALL 100. ALL 100. 86.0 LAG 1.00 
4 CONSTANT KVA(87) K ALL 100. ALL 100. ALL 100. 87.0 LAG 1.00 
5 CONSTANT KVA(88) K ALL 100. ALL 100. ALL 100. 88.0 LAG 1.00 
6 CONSTANT KVA(88) K ALL 100. ALL 100. ALL 100. 89.0 LAG 1.00 
7 CONSTANT KVA(90) K ALL 100. ALL 100. ALL 100. 90.0 LAG 1.00 
8 CONSTANT KVA(90) K ALL 100. ALL 100. ALL 100. 91.0 LAG 1.00 
9 CONSTANT KVA(92) K ALL 100. ALL 100. ALL 100. 92.0 LAG 1.00 

10 CONSTANT Z (100) Z ALL 100. ALL 100. ALL 100. 100.0 LAG 1.00 
11 IMOV CON KVA(90) K ALL 100. ALL 100. ALL 100. 90.0 LAG 1.00 
12 CONSTANT I (90) I ALL 100. ALL 100. ALL 100. 90.0 LAG 1.00 
13 SPARE K ALL 100. ALL 100. ALL 100. 88.0 LAG 1.00 
14 SPARE K ALL 100. ALL 100. ALL 100. 88.0 LAG 1.00 
15 SPARE K ALL 100. ALL 100. ALL 100. 88.0 LAG 1.00 
16 SPARE K ALL 100. ALL 100. ALL 100. 88.0 LAG 1.00 
17 SPARE K ALL 100. ALL 100. ALL 100. 88.0 LAG 1.00 
18 SPARE K ALL 100. ALL 100. ALL 100. 88.0 LAG 1.00 
19 SPARE K ALL 100. ALL 100. ALL 100. 88.0 LAG 1.00 
20 SPARE K ALL 100. ALL 100. ALL 100. 88.0 LAG 1.00 

NOTES: LOAD TYPE 10 PROVIDES TRANSFER FUNCTION TO LOAD TYPE 9 
DEMAND AND DESIGN FACTORS APPLIED AT EACH LOAD BUS 
AND ALL LOAD TOTALS ARE POWER FACTOR CORRECTED
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Calculation C-1 101-700-E5 10-010, Rev. 2

DAPPER Load Types

POWER TOOLS LIBRARY DATE 17 DEC 98 TIME 11 1 AM

Appendix 8.2 
Page 2 of 2 

PAGE 1

LOAD DEMAND TABLE FOR CASE 10 

LOAD DESCRIPTION LOAD 1ST LEVEL 2ND LEVEL 3RD LEVEL % LEAD LCL 
TYPE KVA % KVA % KVA % PF LAG FACT

1 
2 
3 
4 
5 
6 
.7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20

CONSTANT 
CONSTANT 
CONSTANT 
CONSTANT 
CONSTANT 
CONSTANT 
CONSTANT 
CONSTANT 
CONSTANT 
CONSTANT 
CONSTANT 
CONSTANT 
SPARE 
SPARE 
SPARE 
SPARE 
SPARE 
S PARE 
SPARE 
SPARE

KVA (70) 
KVA (85) 
KVA (86) 
KVA (87) 
KVA (88) 
KVA (89) 
KVA (90) 
KVA(91) 
KVA(92) 
Z (100) 
EVA (80) 
KVA (93)

ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL

100.  
100.  
100.  
100.  
100.  
100.  
100.  
100.  
100.  
100.  
100.  

100., 
100.  
100.  
100.  
100.  
100.  
100.  
100.  

100.

ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL

100.  
100.  
100.  
100.  
100.  
100.  
100.  
100.  
100.  
100.  
100.  
100.  
100.  
100.  
100.  
100.  
100.  
100.  
100.  
100.

ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 

ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL 
ALL

100.  
100.  
100.  
100.  
100.  
100.  
100.  
100.  
100.  
100.  
100.  
100.  
100.  
100.  
100.  
100.  
100.  
100.  
100.  
100.

70.0 
85.0 
86.0 
87.0 

-88.0 
89.0 
90.0 
91.0 
92.0 

100.0 
80.0 
93.0 
88.0 
88.0 
88.0 
88.0 
88.0 
88.0 
88.0 
88.0

LAG 
LAG 
LAG 
LAG 
LAG 
LAG 
LAG 
LAG 
LAG 
LAG 
LAG 
LAG 
LAG 
LAG 
LAG 
LAG 
LAG 
LAG 
LAG 
LAG

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.oo 
1.00 
1. GO0 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00

NOTES: LOAD TYPE 10 PROVIDES TRANSFER FUNCTION TO LOAD TYPE 9 
DEMAND AND DESIGN FACTORS APPLIED AT EACH LOAD BUS 
AND ALL LOAD TOTALS ARE POWER FACTOR CORRECTED
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CALCULATION C1101-700-E510-010. REV. 2
DETAILED CASE DESCRIPTIONS

BMPED.  
CASE DESCRIPTION MODEL 

IA TWO Transformer, 100% LOCAA 
Powter Operalon 

Ia Two Trensformer. 100% LOCAS 
Power Opeemleon 

2A Two Trmasfcrmer. 100% LOCAA 
PowerOperaton 

28 Two Trasororn, 100% LOCAB 
Power Operalon 

3A Fast Traser 1I One LOCAO 
Trnmfom'er. t00% Power 
Operation

3B Fast Transfar o One 
Transforner, t_0% Power 
Operation

IMPEDANCE MODEL 
CIRCUIT ADAPTATIONS SOP BUS LOADING ES IUS LOADING (Notal) VOLTAGE REQUIREMENT 

RP BUS IAOFF TP BUS IC 10100 KVA APPENDIX a t RED TRAIN, NORMAL GRID 235KV 
TP BUSES 1A. 1BOFF 100% POWER 
CO-P-2C OFF 

RP BUS 18OFF TP BUS IA 60 KVA TP APPENDIXK&tI GREEN TRAMN NORMALGRID 235,KV 
TP 1C OFF BUS 1B SOW KVA 100% POWER 
CO-P-2A OFF 

RP BIS 1AOFF TP BUS IC 10100 W0A APPENDIX .tE. RD TRAIN, BOUNDING VALUE FORSINGLE 
TP BUSES IA, 1 OFF 100% POWER CONTINGENCY MINIMUM GRID 
CO-P-2COFF 223,3 KV

RP BUS 1BOFF 
IP IC OFF 
OO-P-2A OFF 

CO-P-20 OFF

LOCAB CO-P-2A OFF

4A Short Tem Post LOCA LOCAA 
(Based on One Transtorner) 

4B Short Term Post LOCO LOCAB 
(Based on One TramWoer) 

SA TWo Trarsformer, LOCA LOCAA 
MOtor Sarrllg 

5B Two Transfor•mer, LOGA LOCAB 
Motor Star"ng 

BA Ore Tneonm*er, LOC LOCAA 
Motor Staffing 

68 One Traromear. LOCA LOCAS 
Motor Stering 

7A 1004 Blot Load Sequencing LOCOMA 
Mirrnsss Recovery Votae 

78 LOCA Bo1 Load Sequencing LOCAS 
Minkýrrm Recovery Vohtge 

aA Long Term Post LOCA LOCAA 
(Based on One TrarWomler) 

8a Long Tern Post LOCA LOCAB 
(Sased on One Transformer)

CO-P-2C OFF 

O0-P-ZAOFF 

RP BUS 1AOFF 
TP BUSES iA, I OFF 
CO-P-2COFF 

RPBUS lBOFF 
"rP 10 OFF 
CO-P-2AOFF 

CO-P-200FF 

CO-P-2A OFF 

RPBUS IAOFF 
TPRUSES IA, 11OFF 
CO-P-2• OFF 

RPBUS IBOFF 
TP C1 OFF 
CO-P-2A OFF 

RP BUSES IAAND tB 
OFF 
CO-P-2COFF 

RP BUSES iAAND 1B 
OFF 
CO-P-2k OFF

TPBUS1A9600KVA TP APPENDIX 8.1, GREEN TRAIN BOUNDING VALUE FOR SINGLE 
BUS 1B 6000 KVA 100% POWER CONTINGENCY MINIMUM GRID 

223.3 KV 

TP BUS IA DETERMINED APPENDIX 8A.. RE TRAIN, MINIMUM GRID 232 KV, ADJUST 
BY MODEL 10D% POWER BUS TIP IA LOAD TO RESULT IN 
TP BUS 1B5692 KVA TP AT LEAST 3806V ON BUS I0 
BUS 109230 KVA 

TPBUS 1ADETERMINED APPENDIX 8.t, GR EEN TRAIN MINIMUM GRID .32 K, WADJUST 
BY MODEL 100%POWER TP BUS iALOAD TO RESULT IN 
TPBUSIB5692KVA TP ATLEAST3S06VON BUS 1E 
BUS 10 9230 KVA 

TP BUS 1A6421 KVA APPENDIX 8.1, RED TRAIN, ES BUS ID MINIMUM MVR 
TPBUS 1B5692 KVA LOCA DROPOUT 3727V 
TP BU$1. IC,82 KVA (FULL 
POST TRIP REDUCTION) 

TP BUS 1A6421KVA APPENDIX..1, GREEN TRAiN, ES BUS ISEMINIMUM DVR 
TPBUS IB 52 KVA LOCA DROPOUT 372TV 
TP BUS 1080I2 KVA (FULL 
POST TRIP REDUCTION) 

INCREMENTED APPENDIX 8.1. RED TRAIN, BOUNDING VALUE FOR SINGLE 
REDUCTION ON TP BUS LOCA, MODIFIED PER TABLE CONTINGENCY MINIMUM GRID 
ICPFR TABLE 5A 5A PLUS MOV LOADS FROM 223.3 KV 

APPENDIX 8.8 

INCREMENTED POST APPENDIX8.1' GREEN TRAIN. BOUNDING VALUE FORSINGLE "TRIP REDUCTION ON TP LOCA, MODIFIED PER TABLE CONTINGENCY MINIMUM GRID 
BUS 1A PER TABLE 5 B El PLUS MOV LOADS FROM 223.3 KV 
TP BUS 18 6000 KVA APPENDIX8.B 

INCREMENTED APPENDIX 8.1. RED TRAIN, MINIMUM GRID 232 KV 
REDUCTION ON TP LOOA, MODIFIED PER TABLE 
BUSES IA AND IC PER 6A PLUS MOV LOADS FROM 
TABLE BA APPENDIX 8.8 
TP BUS 18 5692 KVA 

INCREMENTED APPENDIX &l, GREEN TRAIN. MINIMUM GRID 232 KV 
REDUCTION ON TP LOCA. MODIFIED PER TABLE 
BUSES $AAND 1C PER 6B PLUS MOV LOADS FROM 
TABLE BA TP APPENDIK &8 
BUS tB5692 WVA 

INCREMENTED APPENDIX &I. REO TRAIN, ES BUS 10MINIMUI DVR 
REDUCTION ON TPBUS LOCO, MODIFIED PERTABLE PICKUJP375eV 
ICOPERTABLEOA 5A PLUS MOV LOADS FROM 

APPENDIX 8.8 

INCREMENTED POST APPENDIX 8.t, GREEN TRAIN, ES BUS IE MINIMUM DVR 
TRIP REDUCTION ON TP LOCA, MODIFIED PER7TASLE PIKUWP 375oV 
BUS IAPER TABLE 5B 5B PLUS MOV LOADS FROM 
rP BUS 1 6000 KVA APPENDIX 8.8 

TP BUS IA 6421 KVA APPENDIX .1. RED TRAIN, 48DV BUS IP AT LOW VOLTAGE 
'TP BUS 1B5692 KVA LOCA ALARM SETPO'NT OF 423V 

TP BUS IC B082 WVA(FULL 
POST TRIP REDUCTION) 

"TP BUS IA "421 VA APPENDIX8.1, GREEN TRAIN. 48WV BUS I$ AT LOW VOLTAGE "TP BUS 18 $692 EVA LOCA ALARM SETFPOWN OF 423V 
TP BUS IC 8082 KVA (FULL 
POST TRIP REDUCTION)
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CALCULATIONC-1101-70D-E510-010. REV. 2

CASE DESCRIPTION 

9A Minbimum Grid. Stat Lp 

95 Minimum *id, Start Up 

10 Model Vaidaton

DETAILED CASE DESCRIPTIONS

IMPED. IMPEDANCE MODEL 
MODEL CIRCUITADAPTATIONS BOP BUS LOADING ES BU3S LOADING (Note 1) VOLTAGE REQUIREMENT 

LOCAA COP-20OFF TPBUSIADETERMINED BUS 1D: APPENDIX 8.1. RED MINIMUM GRID 232 I.ADJUST 
IMPEDANCE VALUES BYMODEL TRAIN. 100% POWER BUS 1A LOAD TO RESULT IN AT 
AND TAP SETTING FOR TPBUS185692K0VA TP BUS 18: ESTIMATED NORMAL LEAST38OSVONSBUS1DAND 
SHUTDOWN (230 KV BUS 1C9230 KVA LOAD LESS MAJOR SWING 1I 
TAP) LOADS 

LOCAB CO-P-2AOFF TP BUS IA DETERMINED BUS 18; APPrIDIX.1, GREEN MINIMUM GRID 232 KV.AOJUST 
IMPEDANCE VALUES BY MODEL TRAIN 100% POWER BUS IA LOAD TO RESULT IN AT 
ANDTAPS-TTING;FOR TPBUS185692KVA TP BUS ID; ESTIMATEDNORMAL LEA-T380OVONBUSIDANO 
SHUTDOWN (230 KV BUS 10 9230 KVA LOAD LESS MAJOR SWNG IE 
TAP) LOADS 

LOCAS ES EUSES 18, IS. 1T, 1I MEASURED LOAD FROM MEASURED LOAD FROM ACTUAL GRID VOLTAGE FROM 
ESAND 1B E$SH FIELD TESTS FIELD TESTS. PLUS TEST DATA 
MODELED,.7P BUSES tA ESTIMATED LOAD FOR 
AND lB AND RP BUSES DELETED BUSES TO 
IA. MODELED. BUSES RECONCILE FEEDER LOADS 
DOWNSTREAM OF FROM TEST DATA "THESE BUSES DELETED

i IA MaximumVoltage Shoalt LOO-M 
Circuit Study Bus Voltagos 

11B Msxlmum Voltage, Shod LOCALE 
Circuit Study Bus Vollages 

3A-SUP FastTransferto One LOCAA 
Transforner, 100% Power 
Operation 

3at Fast Trensferto One LOCAB 
Transfonner, 100% Power 
Operation 

382 Feat Transfer to One LOCAB 
Transformer, 100% Power 
Operation 

3B3 Fast Transfer to One LOAE 
Transformner. 100. Power 
Operation 

4BEQ Shol Te•m Post LOCA itlh LOCAS 
AccIdentCable Teawerature 

4BNS Short Term Post LOCA One LOCAB 
NS Pur Running

SAMEASCASE4A SAMEASCASE4A SAME AS CASE4A MAXIMUM GRID VOLTAGE 242 
KV

SAMEAS CASE 48 SAMEASCASE.48 SAME AS CASEd4 MAXIMUM GRID VOLTAGE 242 
KV 

SUPPLEMENTAL CASES 

SameasCase3A TP BUS IA 937a KVA Same as Case3A GRID 232A KV 
TP BUS 1 592 KVA TP 
BUS 10 9230 VA 
(24,300 IWA TOTAL) 

Samn as Caea 38 TP BUS IA DETERMINED Same as Case 3B GRID 23Z4 KV 
BY MODEL 
TPBUS I 5692 KVA 
TPBUS 1C0230 KVA 

Sama as Cane 38 TP BUS 1A DETERMINED Same as Case 3B GRID 230.0 KV 
BY MODEL 
TP BUS 183 5692 KVA 
TP BUS IC 9230 KVA 

Same as Case 3B TP BUS IA DETERMINED Same as Case 3D GRID 228.0 KV 
BYMODEL 
TP BUS IB92 KVA 
TP BUS 1C 9230 KVA 

SameAS Cse 48 Except Same as Case 4B Same as Case4B Samre asCase,4B 
Feedor CaeO RefSbance 
for AIIE-IC and EF-P-213 
Based on 130 d eg 
Conducktor Temperaltre

Sameas Case 48 Sameas Case 4B SameAs Case4BE3Excp•S -P- samrasCase4B 
IS OFF. NS-P-1C load 116.4 
WVA

Notes 
1. Forpurposesof tLs appe•dt-, oe RedoTrain IS delned as ES Bus tDand0 conecled dwnasteam loads t[ned In ne AppenmxS.1 tables.  

For purposes of tis apperdx, twe Gren, Train is dedfned as ES Bun IE and conarected downstream Ioads defLiedinthe sppenlx 5.1 tables.
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CALCULATION C-1 101-700-E51 M0-10, REV. 2

DETAILED CASE DESCRIPTIONS

TABLE 5A 
CASE 5A LOADING - MINIMUM GRID, TWO TRANSFORMER, LOCA BLOCK SEQUENCING, RED TRAIN

BLOCK 1 BLOCK 2 - I BLOCK 3 LOCK4 LOCK5 BOP 
DL~ 4A ni-Ia1 A 00 04 ADOD 0 -A AJ 4~ 'A ALl 4 4f' I r0 n 4 A rv'. ni 4 A KI~ 1 KIM nt ~ 0 M -,,,

Bus loading for Block Load Sequencing Cases is based on Appendix 8.1 LOCA loading, adjusted as shown in the table. The "N/C" entries indicate that there is no 
change to the Appendix 8.1 value normally entered into DAPPER as a Branch Load. A zero indicates that the Branch Load for that bus is set to zero, in lieu of the 
Appendix 8.1 value. The Special Bus Loads listed in the table are entered to reflect the motor starting loads applicable to the load block being considered. For 
example, for Case 5A-1 8, Block 1 Starting, the Branch Loads loads for the indicated buses are set to zero, and Special Bus Loads are entered for.buses 4030 (MU-P 
1A), and 4020 (D H-P-1 A) to simulate the starting of these motors. For Case 5A-1 R, Block I Running, the Branch Loads for buses 4030 (MU-P-1 A), and 4020 (DH
P-1 A) are unchanged from the Appendix A values, but other buses subject to Block Load Sequencing are still zero because they have not yet started.

8-3 DETAILED CASE DESCRIPTIONS REV 2-1,xls

APPENDIX B.3 
SHEET 3 OF 6

I -- I -- I - -l - I - l~ - -I v r- r- j '.-rI - - I --r--i -r1- 1 Qr- ,t- I% r-r--4ml i r-- I .' 
CASESAr BUSLOADING 4030 1 40201 4650 I 4050 1 4445 4490 ] 4640 j 4460 ] 5270 I_5470 I 4040 j 4010 [ 3000 

BRANCHLOAD 0 0 0 0 0 0 0 0 0 0 0 0 101_0 
is SPECIAL I KW- 880 364 111 

IKVA 1 43111 1785 1 544 _ 
1R BRANCHLOAD I N/CJ NIC N/C 0 0 [] 0 '0 0 0 I0 10100 

BRANCH LOAD NC NIC NIC 0 0 0 0 0 0 0 0 ...._0 9954 
2S SPECIAL 1 N 366 80 80 

_KVAR 1 1792 13901 390 1 1 
2R BRANCH LOAD NIC N/C NC N/C N/C NCI 0 0 0 0 0 0 994 

BRANCH LOAD NIC NI [ NIC. N/CI 1CN/0 C 0 0 0 0 0 0 9538 3S SPECIAL I. . .... , 15B 108 141 156 
S KVAR 775 5291 691 763 1 1 1 

3R •BRANCHLOAD I N/C IN/C I NIC I N/C I N/C I NICIN/C I NC I NIC IN/C] 01 0 ]9538 
4S RANCH LOAD IC NIC NIC N/C NIC N/C N/C N/C NIC N/C 0 0 9334 

4S_ _ _ _ _ _ _ 320 __ _ 

4S SPECIAL IH&A 
R L I 1 1568 1 1 

4R BRANCH LOAD N/C N/C I NIC I N/C I N N/0 I. N/C I N/C " N/C' N/C I N/C 0 j9334 
BRANCH LOAD N/C N/C NIC C N N/C WN/C N/C IN/C N/c[N/C 0 9245 

KV 439j _ 
5S SPECIAL •R 3 

LKVAR 2152 
5R IBRANCHLOAD I N/C I NIC I N/C I N/CI N/TC IN/C N/C N/CI N/C I N/C N/C [ N/C [ 9245

0 
CD 

I-' 

CD 
w 

LO 

N)



CALCULATION C-1 101-700-E51 0-010, REV. 2 APPENDIX 8,3 
SHEET 4 OF 6

DETAILED CASE DESCRIPTIONS

TABLE 5B 
CASE 5B LOADING - MINIMUM GRID, TWO TRANSFORMER, LOCA BLOCK SEQUENCING, GREEN TRAIN

BLOCK I BLOCK2 ._3LOCK 3 1 LOCK 41 LOCK f BOP
Mit-P-I fli nH-P-I RI PR-P-I RI AN-F-I RI AN-F-I C.I flR-P-I RI flfl-P-1 RI NR-P-I RI NP-P-I RI RS-P-I RI FF-.P-2R I TP-I A

_,_,','__.___1_.....___........................... .... I...... I- .... . ..i- I-.,.:• ..  

CASE 5B BUS LOADING 1 5030 1 5020 5060 1 5223 4490 5440 1 5260 1 5270 5470 I 50501 5010 1000 
BRANCH LOAD 0 0 0 0 0 0 0 0 0 0 0 9600 

i S KW 880 364 SPEIAL'-KAR 4311 11785 

1R JBRANCHL.OAD N/C] N/C1 0 0 10 1 0. 0 0 0 10 1 0 0 0 19600 
BRANCH LOAD N/C N/C 0 0 0 0 0 0 0 0 0 9454 

2S 7E KW 366 80 80 
_KVAR 1792 390 390 

2R IBRANCH LOAD N/C N/C N/C IN/C NWC 0 0 0 0 0 0 9454 
BRANCH LOAD NIC N/C N/C N/C N/C 0 0 0 0 0. 0 9038 

3S KW_1_ 158 108 141 156 KVAR 775 529 691 763 

3R [BRANCH LOAD IN/Cl N/C N/C I N/C I N/C. I NIC IN/C N/C N/C 10 0 19 038 
BRANCH LOAD N/C N/C N/C N/C N N/C N/C N/C N/C N/C 0 0 8834 

4 8 SPECIAl KW .... ..... 32 I WVAR 1568 

4R CIBRANCHLOAD INC IN/C N/C N/C N/C N/C N/C N/C 0 8834 
BRANCH LOAD N/C N/C N/C N/C N/C N/C N/C N/C N/C N/C 0 8745 

5S SPECIA, KW 4391 
KWAR 2152 

'5R IBRANCH LOAD I N/C I NIC I N/C INC! N/C NI N/C N/CI N/CI N/Ci N/C NI N/C 8745_

See explanatory note below table 5A.
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CALCULATION C-1 101 -700-E51 0-0 10, REV. 2

DETAILED CASE DESCRIPTIONS

TABLE 6A 
CASE 6A LOADING - MINIMUM GRID, ONE TRANSFORMER, LOCA BLOCK SEQUENCING, RED TRAIN

BLOCK 1 BLOCK 2 BLOCK 3 LOCK 4 LOCK 51 BOP LOADING 
MU-P-1AJDH-P-1AISR-P-1A RR-P-1A AH-E-1AIAH-E-1CIDR-P-iAl DC-P-1A NS-P-1BI NR-P-1B BS-P-1 Al EF-P-2AI TP-1A I TP-1C

See explanatory note below table 5A.

8-3 DETAILED CASE DESCRIPTIONS REV 2-1.xls

APPENDIX 8.3 
SHEET 5 OF 6

* ... . . .. 1 . . . . .. . . . . .. _ _.. . . ... I . . . . . I . . . I £ -- I . .. . . .. I .. . . .. .  

CASE6AI BUS LOADING 1 4030 J 4020 ! 4650 [ 4050 -* 4445 I 4490 -4640 j 4460 0 5270 I 5470 I 4040 401 1000 o 3o00 
BRANCH LOAD 10 0 0 0 0 0 0 0 0 0 0 0 17569 9230 IS SPECIA 1 KW 880 364 111 ....  

KVAR 4311 1785 544 R 1BRANCH LOAD 101N0/C1 NIC NIC 0I 1 0 0 J0  j 0 0 I0 0 0 7569 9230 
BRANCH LOAD N/C N/C NIC 0 . 0 0 0 0 0 0 0 0 0 1 7423 9084 

2S SPECIA I- KW 366 80 so 

:: 1; 1792 390 390 

2R IBRANCHLOAD I N/CI N CC I NN/C N/CJ I ....NIC I 0 0 I 0 01 0 74230 086 
BRANCH LOAD N/C N/C NIC N/C NIC N/C 0 0 0 0 0 0 7007 8668 

38SSPECIA KWI158" 108 141 156 
CKVAR "775 .'.._.529. 691 763 

3R IBRANCH LOAD I NIC N/C INIC WCN/ N/C N/CT- N/CI N/C T- C- N/C 0 0 O 7007 8668 

BRANCH LOAD NfC WVC NIC N/C NIC NIC N/C N/C N/C NIC 0 0 6803 8464 
4S SPECIA KW 320,, 

WKAR 1568 

4R [BRANCH.LOAD i N/C N/C NIC N/C IN/ C IC N/C N N/C N/C IC N/C I 0 I_6803 8464 
BRANCH LOAD N/C N/C NIC N/C N/C N/C N/C NIC N/C N/C N/C 0 6714 8375 

56 SPECI[ KW 439 
KVAR 2152 

5R IBRANCH LOAD I arc I N/C I NIC I N/€...I NtC I N/C I NIC IIN/C I NIC I N/C IN/C .N,,fC 674 85



CALCULATION C-1101-700-E510-010, REV. 2 APPENDIX 8.3 
SHEET 6 OF 6

DETAILED CASE DESCRIPTIONS

TABLE 6B 
CASE 6B LOADING - MINIMUM GRID, ONE TRANSFORMER, LOCA BLOCK SEQUENCING, GREEN TRAIN

I BLOCK I I BLOCK2 I BLOCK3 I LOCK41 LOCK5I BOP LOADING
MU-P-I Cl DH-P-1IBI RR-P-1 21 AH--E-1 B I AH-E-1CI DR-P-I B I DC-P-I B INS-P-I1B I NR-P-1 B IBS-P-I1B I EF-P-2B I TP-1 A I TP-1 C

CASE6B BUS LOADING 5030 5020I 5060 5223I 4490I 5440 6260 5270 ] 54701 5050 5010 1000 3000 
BRANCH LOAD 0 0 0 0 0 0 0 0 0 0_ 0 7569 9230 

is SPECIA KW 880 364 1.  KVAR 4311 1785 I ......  

1R IBRANCHLOAD NIC N/CI 0 I 0 0 I 0 " 0 I 0 0 I 0 I 0 f7569 9230 
BRANCH LOAD NIC N/C 0 0o 0o 0 0 0 a 0 0 73 0 

2S SPCIA1 KW J ___ t 366 j80 80j_______ 
. __KVAR 1792 390 390 ..  

2R IBRANCH.LOAD I NICI N/Cf N/C N/C N./CI 0 I 0 0 0 J 0 . 0 7423 9084 
BRANCH LOAD NIC N N/C N/C N/C 0 0 010 0 ... 0 0 7007 8668 

3S ISPECI^, 1 KW 158 108 141 156 
' 1_KVAR 775 529 691 763 

3R IBRANCHLOAD N/C IN/C N/C N/C N/C N/C N/C N/C N/CJ 0 i0 [7007f8668 
BRANCH LOAD N/C N/C N/C N/C N•/C N/C N/C N/C N/C 0 0 6803 8464 

4S _ , , it KW 1 n ......... L !,S,'..• VAR 1568 

4R BRANCH LOAD I N/C _ NN/C I/Cl N/C ,,N/C' N I.N/C ___ N/CNIC N/C IN/C 0 " o6803I 8464 
BRANCH LOAD NIC N/C N/C N/C N/C NIC N/C N/C N/C N/C 0 6714 8375 5S sp=EC^IA KW 439 

KVAR 2152 

5R !BRANCHLOAD I N/C N/C [N/C INC N/..N/C N/C [N/C/C ../ 6714 8375

S~e explanatory note below table 5A.

8-3 DETAILED CASE DESCRIPTIONS REV 2-1.xls
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Calculation C-1 101 -700-E51 0-010, Rev. 2, Appendix 8.4 Page 1 of 17 
Determination of Degraded Voltage Relay Tolerances 

1.0 Purpose: 

The purpose of this attachment is to determine the total channel errors for the 
degraded voltage relays, identified as follows: 

1 D-4160V-ES-27-1 Model No. 211 T6175-HF 
1D-4160V-ES-27-2 Model No. 21 1.T6175-HF 
1D-4160V-ES-27-3 Model No. 21 IT6175-HF 
I E-4160V-ES-27-1 Model No. 211 T6175-HF 
I E-4160V-ES-27-2 Model No. 211 T6175-HF 
IE-4160V-ES-27-3 Model No. 211 T61 75-HF 

Relay Function and Connections 

The relay function is to provide a second level of undervoltage protection for the 
ES buses in the event of degraded voltage event that does not develop into a 
complete voltage collapse. The relays feature two settings, pickup and dropout, 
which are adjustable by fixed taps as well as internal adjustment potentiometers.  
The dropout setting determines the value that the output contacts will transfer on 
decreasing voltage. The pickup setting, also referred to as the reset setting, 
determines the value that the output contacts will transfer on increasing voltage.  
(Reference 3.1) 

ES buses 1 D and 1 E are each provided with 3 relays, one per phase, which are 
Y connected to the potential transformer secondary. The normally open output 
contacts of the relays, which close on low bus voltage, are connected to a two 
out of three logic scheme, such that voltage below the relay setpoint on two out 
of three relays will initiate a 10 second timer (27XCTD, 27XETD). If the voltage 
on at least two of the relays does not recover to the pickup setpoint before the 
time delay relay times out, the affected bus will be disconnected from its offsite 
source of power. (References 3.4-3-7) 

The relay setpoints are subject to tolerances which determine the limits of the 
operating voltages the for significant operating features of the relays. The 
minimum dropout setting is significant relative to assuring critical voltage to 
Nuclear Safety Related (NSR) loads connected to the ES buses. The maximum 
pickup setting is significant relative to preventing premature separation of the grid 
following voltage dips, such as occur during Block Load Sequencing, while the 
minimum pickup setting is significant relative to establishing the minimum voltage 
available for starting and running MOVs during Block Load Sequencing. This 
appendix will determine channel uncertainties for both the dropout and pickup 
settings. In addition, this appendix will determine Acceptable-as-Found Limits for 
the dropout and pickup settings. This appendix will not determine actual 
setpoints since these will be determined in the body of the calculation, taking into 
account the errors determine here.

8-4 DVR TOLERANCE REV 2.doc
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Calculation C-1101-700-E51 0-010, Rev. 2, Appendix 8.4 Page 2 of 17 
Determination of Degraded Voltage Relay Tolerances 

2.0 Summary of Results 

Tolerances for the dropout and pickup settings were determined as follows: 

Tolerance % of setting Volts 
Channel Error Associated with Dropout Setting (CE•o) - 0.852% - 0.54 V 
Positive Channel Error Associated with Pickup Setting (CEpu+) + 0.721% + 0.45 V 
Negative Channel Error Associated with Pickup Setting (CEpu-) - 0.609% - 0.38 V 

Dropout Acceptable-as-Found Limit (AAFLDo) ± 0.552% ± 0.35 V 
Pickup Upper Acceptable-as-Found Limit (AAFLpu+) + 0.421% + 0.27 V 
Pickup Lower Acceptable-as-Found Limit (AAFLpu-) - 0.309% - 0.19 V 

3.0 References: 

3.1 TMI-1 Vendor Manual VM-TM-01 24, Asea Brown Boveri lB 7.4.1.7-7, 
Issue D, Instructions for Single Phase Relays Types 27N and 59N.  

3.2 TMI-1 Surveillance Procedure 1302-5.31A, Revision 16, 4160V D and E 
Bus Degraded Grid Undervoltage Relay 

3.3 Calculation C-1101-732-E510-008 Revision 1, TMI-1 4160v Bus 1D &ME 
Degraded Grid UVR Setpoint Drift Analysis 

3.4 Electrical Elementary Diagram 208-168, Sheet 1, Revision 22, E.S. Bus 
I D Undervoltage & Potential Circuits 

3.5 Electrical Elementary Diagram 208-168, Sheet 2, Revision 5, E.S. Bus 11D 
Undervoltage & Potential Circuits 

3.6 Electrical Elementary Diagram 208-169, Sheet 1, Revision 23, E.S. Bus 
1 E Undervoltage & Potential Circuits 

3.7 Electrical Elementary Diagram 208-169, Sheet 2, Revision 5, E.S. Bus 1E 
Undervoltage & Potential Circuits 

3.8 TMI-1 GMS2 Data Base 
3.9 Engineering Standard ES-01 0, Revision 3, TMI-1 Environmental 

Parameters 
3.10 TMI-1 Vendor Manual VM-TM-01 04, Asea Brown Boveri IB 18.4.7-2, Issue 

E, Instructions for Single Phase Relays Types ITE-27D, ITE-27H, and 
ITE-59D.  

3.11 TMI-1 Vendor Manual VM-TM-0378, Revision 1, Agastsat Timing Relay, 
Series E7000 and series 7000.  

3.12 TMI-1 Vendor Manual VM-TM-0266, Revision 5, Westinghouse 4160V 
and 6900V Switchgear.  

3.13 Memorandum dated 6116/98, Joe Valent to George Skinner, PT Indicating 
Bulbs 

3.14 ISA-RP67.04, Part II, Dated May,1 995, "Methodologies for the 
Determination of Setpoints for Nuclear Safety-Related Instrumentation"
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Calculation C-1 101 -700-E51 0-010, Rev. 2, Appendix 8.4 Page 3 of 17 
Determination of Degraded Voltage Relay Tolerances 

3.15 Engineering Standard ES-002, Revision 4, "Instrument Error Calculation 
and Setpoint Determination" 

3.16 Calculation No. C-1101-734-5350-003, Revision 3, "TMI-1 Battery Sizing 
and Voltage Drop for DC System" 

3.17 Deleted 
3.18 TM I-1 Operating Procedure 1107-2, Revision 93, "Emergency Electrical 

System" 
3.19 USAS C57.13-1968, "Requirements for Instrument Transformers" (TMI 

SDBD-T1 -700, Reference D013) 
3.20 Modification H375, BA Number 41 H375, Replace Degraded Grid UV 

Relays 

4.0 Assumptions 

4.1 Tolerances provided in vendor literature (Reference 3.1) are expressed as 
percentages without specifying the base. These percentages may be 
assumed to be based on the actual setting. However, in order to simplify 
the calculation, the setting base will conservatively be assumed to be a 
single value of 63V.  

4.2 Deleted 

4.3 Drift for up to a 24 month calibration interval plus 25% interval margin was 
determined in Calculation C-1i101-732-E510-008 (Reference 3.3) by 
performing a statistical analysis of calibration as-found as-left data. Since 
this calculation was based on actual field calibration data, the calculated 
drift values also include the verification of relay reference accuracy and 
M&TE errors, Consequently, these terms will be assumed to be included 
in the drift term. It is further assumed that M&TE at least as good as is 
presently being used, will continued to be used for the calibration of these 
relays.  

In order to reduce total uncertainties this analysis will assume that the 
calibration injterval will not exceed 500 days. Consequently, drift values 
from RefereR~ce 3.3 for the 500 day interval will be used. Also, the drift 
results in Reference 3.3 are based on as-found as-left data for Model 
21 1TO175 relays without a harmonic filter. Since this data is being 
applied to the similar Model 21 1T6175-HF relay, the calibration interval 
should be initially set at 90 days until sufficient new data is available to 
justify a longer interval.  

4.4 Minimum control power voltage for the degraded voltage relays was 
calculated during worst case accident battery loading. However, a review 
of calculation C-I 101-734-5350-003, (Reference 3.16) revealed that this 
voltage was based on a Loop/LOCA scenario for during which the battery 
chargers were not available. The station is provided with spare battery

8-4 DVR TOLERANCE REV 2.doc
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Calculation C-1 101-700-E510-010, Rev. 2, Appendix 8.4 Page 4 of 17 
Determination of Degraded Voltage Relay Tolerances 

chargers that can be promptly placed in service in case of failure or 
planned outage of a primary charger (Reference 3.18). Therefore, loss of 
battery charging capability with AC power available is not expected. It 
follows that the low DC system voltages will not occur while AC power is 
available. Further, since the degraded voltage relays are only required to 
operate when AC power is available, it may be assumed that they will only 
experience normal DC power system voltage fluctuations. Voltage is 
normally controlled within the 130 Vdc ± 1 Vdc float voltage criteria listed 
in Reference 3.18, Section 3.2.6.b.6. Reference 3.16 shows a maximum 
voltage drop of approximately 4 volts between the distribution panel and 
the switchgear where the relays are located, resulting in a minimum 
normal voltage at the relays of 130 -1 - 4 = 125Vdc. The degraded 
voltage relays are calibrated with either station 125 Vdc power or power 
from a 125 Vdc power supply (Reference 3.2). Thus, 125 Vdc would 
represent the minimum relay supply voltage. The maximum supply 
voltage would occur during the brief periods of battery equalization during 
which 125 Vdc system voltage is maintained at or below 137 Vdc 
(Reference 3.18, Section 3.2.6.d.2). Assuming no voltage drop between 
the battery charges and the relays, the maximum DC system voltage may 
therefore be assumed to be the maximum equalization voltage of 137 Vdc.  

4.5 It is assumed that vendor tolerance specifications are random, and 
independent of other error terms. In addition, when tolerances are 
specified for a definite range of a variable (such as power supply variation) 
it is assumed that the error may be adjusted proportionally for a smaller 
range of the variable.  

4.6 Manufacturer's accuracy specifications are assumed to have been 
determined to at least a 2 sigma (95%) confidence level, unless otherwise 
indicated.  

4.7 Bias error components with unknown signs will be combined algebraically 
with other error components in the most conservative direction.  

4.8 Relay Model No. is assumed to be 211T6175-HF in lieu of the presently 
installed 21 1T01 75 (Reference 3.8) pursuant to Modification H375 
(Reference 3.20). The new relays are equipped with harmonic filters and 
have more limiting accuracy values than the installed relays (Reference 
3.1), and so this calculation will bound both the installed and proposed 
relays.
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5.0 Design Inputs 

5.1 Equipment 

5.1.1 Degraded Voltage Relays

Page 5 of 17

8-4 DVR TOLERANCE REV 2.doc

Degraded Voltage 1 D-4160V-ES-27-1 Reference 3.8 
Relay Tag Nos. 1 D-4160V-ES-27-2 

1 D-4160V-ES-27-3 
1 E-4160V-ES-27-1 
1 E-4160V-ES-27-2 
1 E-4160V-ES-27-3 

Model Nos- 211T6175-HF Assumption 4.8 
Pickup Range 60 -110 V Reference 3.1 
Dropout Range 70% - 99.5% Reference 3.1 
Control Power 100 - 140 VDC Reference 3.1 
Allowable Variation 
Pickup and Dropout + 0.1% Reference 3.1 
Settings, 
Repeatability at 
Constant 
Temperature and 
Constant Control 
Voltage 
Pickup and Dropout + 0.1% Reference 3.1 
Settings, 
Repeatability Over 
Allowable DC Control 
Power Range 
Pickup and Dropout 0 to 550 C + 0.75% Reference 3. 1 
Settings, +10 to 400 C; + 0.4% 
Repeatability Over 
Temperature Range -20 to +700 C; 1.5% 
Equipment Location CB338-6 Reference 3.8 
Normal Temperature 70 - 850 F Reference 3.9 
Accident 70- 850 F Reference 3.9 
Temperature 
Power Supply 137 Vdc Maximum Assumption 4.4 
Variation: 125 Vdc Minimum
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5.1.2 Potential Transformers

Potential Transformer P-1 D Reference 3.4 

Tag Nos. P-1 E Reference 3.6 

Style No. 261A448A02 Reference 3.8 
Metering Accuracy 10 Reference 3. B 
Line No.  
Primary Voltage 4200 V Reference 3.4 

Reference 3.6 
Secondary Voltage 120 V Reference 3.4 

Reference 3.6 
Ratio 35:1 Calculated 
Accuracy Class W .3, X .3, Y 1.2 Reference'3.12 

5.2 Calibration Procedures.  

TMI-1 Surveillance Procedure 1302-5.31A, Revision 15, 4160V D and E Bus 
Degraded Grid Undervoltage Relay (Reference 3.2) provides the following 
calibration acceptance criteria: 

Dropout Setting 62.02V +1- 0.1% 
Pickup Setting 62.33V +1- 0.1%

• 5.3 Functional Block Diagram

(References 3.4 - 3-7)

10 Seconds 
Time Delay Relay

Scheme is typical for both 
buses
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5.4 Technical Specification Requirements 

Technical Specification 3.5.3, Engineered Safeguards Protection System 
Actuation Setpoints, lists the following limits for the degraded voltage relays: 

Initiating Signal Function Setpoint 

Degraded Voltage Switch to Onsite Power 3760 V 
Source and load shedding 

Degraded Voltage Timer 10 sec.  

The Technical Specification 3.5.3 Note 4 provides for a minimum allowed 
setting of 3740V, and a maximum allowed setting of 3773V. The Technical 
Specification bases state that the minimum and maximum allowed settings for 
the degraded voltage setpoint are based on a relay tolerance of -0.53%, 
+0.35% and is to be considered an "as-[eff" setting.  

5.5 Relay Drift 

The relay manufacturer does not provide a drift specification for the subject 
relays. Drift for a 500 day calibration interval was determined in Calculation 
C-1I101 -732-E510-008 (Reference 3.3) by analyzing as-found as left data.  
This calculation determined drift for the pickup and dropout functions of the 
relay separately as follows.  

Dropout 
The calculation determined a 95% Confidence Interval Limit at 500 days, 
around a mean setpoint of 62.05 Volts, of 61.65 Volts to 62-46 Volts. This 
represents a variation of +0.661%, -0.645% around the mean. A value of 
±0.661 % will be used for conservatism. This value may be considered a two 
sigma, random variable. The regression line showed a slight upward setpoint 
trend from 62.02 Volts to 62.05 Volts over the 500 day interval. This 
represents a positive bias of +0.048% 

Pickup 
The calculation determined a 95% Confidence Interval Limit at 500 days, 
around a mean setpoint of 62.69 Volts, of 62.52 Volts to 62.87 Volts. This 
represents a variation of +0.271%, -0.287% around the mean. A value of 
±0.287% will be used for conservatism. This value may be considered a two 
sigma, random variable. The regression line showed a upward setpoint trend 
from 62.62 Volts to 62.69 Volts over the 500 day interval. This represents a 
positive bias of +0.112%.
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5.6 PT Accuracy 

A review of 4160V ES bus undervoltage and potential circuits (References 
3.4 and 3.6) indicates, that the Y connected secondaries of potential 
transformers P-1 D and P-1 E have the following devices connected to 
them: 

"* Three ITE Type 27N degraded voltage relays 
"* Three ITE Type 27H loss of voltage relays 
"* Three local indicator lights 

In addition, one phase has an ITE Type 59N overvoltage relay, another 
phase has an Agastat 7012 timing relay (MU Pump/Interlock), and the last 
phase is connected to synchronizing circuits and a remote indicating light.  
Also, all three phases may be connected individually by selector switches 
to a local or remote voltmeter.  

The voltmeters are high impedance devices that impose negligible burden, 
and so may be disregarded. Of the remaining devices, the ITE Type 59N 
relay imposes a burden of 0.5 VA (Reference 3.1), the Agastat timing 
relay imposes a burden of approximately 8 watts (round to I OVA) 
(Reference 3.11), while the indicating light is approximately 4.2 VA 
(Reference 3.13), and the synchronizing circuits are expected to impose 
negligible burden. Consequently, the phase with the timing relay will be 
considered as having the maximum burden. The undervoltage relays, ITE 
Type 27N and ITE Type 27H are Y connected so that the maximum 
voltage they see is approximately 70 volts, vs. the 120 volts on which their 
burden rating is based. However, for conservatism, the 120V burden will 
be assumed. The maximum burden on any phase may be summarized as 
follows: 

Device Model VA Reference 
Degraded Voltage Relay ITE Type 27N 0.5 Reference 3.1 
Loss of Voltage Relay ITE Type 27H 1.2 Reference 3.10 
MU Pump/Interlock Agastat 7012 10.0 Reference 3.11 
Indicator Light 1124156 4.2 Reference 3.13 
Total 15.9 

As can be seen, the resulting burden is considerably less than the 25 VA 
standard burden for the X accuracy class (Reference 3.19). The accuracy 
class at burden X for metering accuracy Line No. 10 is 0.3 (Reference 
3.12, Tab 11, page 13). Therefore, the Ratio Correction Factor of the PTs 
would be no worse than 1.0 +0.3%, i.e., the error would be no greater than 
0.3%.
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For any particular instrument transformer, the ratio error may be 
considered fixed (systematic). Also, although multiple transformers affect 
the trip and reset functions of the degraded voltage relays, because of the 
Y connection of the relays, and the two out of three scheme, the PT with 
the greatest error will govern the overall protection scheme setpoint. For 
these reasons, the ratio correction error should be treated as a bias of 
unknown sign and be applied in the most conservative direction.  

6.0 Overall Approach and Methodology 

This calculation will employ the methodology described in Engineering Standard 
ES-002 (Reference 3.15). Specifically, individual error components of the 
instrument loops in question will be quantified-and then combined using the 
square root of the sum of the squares (SRSS), or algebraically, as appropriate.  
Errors associated with the following parameters will be computed using the 
formulas shown: 

6.1 Minimum Dropout Setpoint 

This parameter establishes the minimum voltage available to components 
during steady state bus operation. Channel errors will be determined by 
combining all random components SRSS and bias components 
algebraically. Bias error components associated with the dropout function 
include a time dependent drift error and the PT ratio correction factor 
error. The bias error associated with dropout drift has a known positive 
sign and it will tend to increase the Minimum Dropout Voltage (Section 
5.5). Also, since it is time dependent, it may not be present at all times.  
Accordingly, it will be conservatively disregarded for this parameter. The 
bias error associated with the PT ratio correction factor will be added to 
the SRSS combination of random errors to determine the total error. Only 
the negative components of random error and PT ratio correction factor 
bias are considered so that the resultant error, when added to the nominal 
dropout setpoint, will determine the minimum voltage on the ES bus prior 
to grid separation. Since the dropout setpoint represents a single value of 
a parameter that is approached in the decreasing direction only, a single 
side of interest distribution can be utilized. Accordingly, the 2 sigma 
random uncertainties for a two sided distribution may be reduced by a 
factor of 1.64512 (Reference 3-14, Section 8.1): 

CEDo = -1.645/2 [I (DVRDo-REPEAT 2 +DVRDO-Ps 2 + DVRDO-TE 2 

+ DVRDO.DRIFT 2 + DVRDOMTE 2 + DVRALCTOO 2) 0.5 - PTRcF-DO 

Where:
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CEDe = Total Channel Error Associated with Dropout Setting 

DVRDO-REPEAT = Dropout Setting Repeatability at Constant Temperature 
and Constant Control Voltage 

DVRDO-PS = Dropout Setting Repeatability Over Allowable DC Control 
Power Range 

DVRDO-TE = Dropout Setting Repeatability Over Temperature Range 

DVRDO-DRIFT = Drift Associated with Dropout Setting 

DVRM&TE-DO = M&TE Errors Associated with Dropout Setting 

DVRALCT-DO = Dropout As Left Calibration Tolerance 

PTRCF-DO = PT Ratio Correction Error Associated with Dropout Setting 

6.2 Maximum Pickup 

This parameter determines the highest voltage at which grid separation 
could occur following relay dropout, such as during LOCA Block 
Sequencing. Channel errors will be determined by combining all random 
components SRSS, and bias components algebraically. Bias error 
components associated with the pickup function include a time dependent 
drift error and the PT ratio correction factor error. Both of these will be 
added to the SRSS combination of random errors to determine the total 
error, as shown below. Only the positive components of random error and 
PT ratio correction factor bias are considered. The pickup driff bias is 
always positive. The resultant error, will be added to the nominal pickup 
setpoint to determine minimum voltage that must be maintained on the 
4160 V ES bus to prevent grid separation.  

CEPu+ = I (DVRpuREPFAT-2 +DVRpu.Ps 2 + DVRPU-TE 2+ DVRpU-DRIFT-RAN 2+ 

DVRPu-M&TE 2 + DVRALCT-PU 2) 0.51 + DVRpu-ORIFT-13BAS + I PTRcF-PU 

Where: 

CEpu+ = Total Positive Channel Error Associated with Pickup 
Setting 

DVRpu-REPEAT = Pickup Setting Repeatability at Constant Temperature 
and Constant Control Voltage
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DVRpu-ps- = Pickup Setting Repeatability Over Allowable DC 

Control Power Range 

DVRpU-TE = Pickup Setting Repeatability Over Temperature Range 

DVRPU-DRIFT.RAN = Random Drift Associated with Pickup Setting 

DVRM&TE-PU = M&TE Errors Associated with Pickup Setting 

DVRALcT-PU = Pickup As Left Calibration Tolerance 

DVRPU-DRIFT-BIAS = Drift Bias Associated with Pickup Setting 

PTRCF-PU = PT Ratio Correction Error Associated with Pickup 
Setting 

6.3 Minimum Pickup 

This parameter is the minimum ES bus recovery voltage that could occur 
during LOCA Block Sequencing without resulting in grid separation. It is 
used to determine minimum voltages available to start and run MOVs.  
Channel error associated with this parameter will be computed by 
combining all random components SRSS, and bias components 
algebraically. As noted above, bias error components associated with the 
pickup function include a time dependent drift error, and a PT ratio 
correction factor error. Only the negative components of random and bias 
errors are considered. Since the bias error associated with pickup drift 
has a known positive sign, it will tend to increase the Minimum Pickup 
Voltage. Also, since it is time dependent, it may not be present at all times.  
Accordingly, it will be conservatively disregarded for this parameter. The 
resultant total error, when added to the nominal pickup setpoint, will 
determine the minimum recovery voltage that could occur on the 4160V 
ES buses during Block Load Sequencing without resulting in grid 
separation.  

CEpu. = -I(DVRpu-REPEAT 2 + DVRpu-ps 2 + DVRPU.-TE 2 + DVRPU-DRIFT-RAN 2 + 

DVRpU-M&TE 2 + DVRALCT-PU 2) 0.11 - I PTRCF-PU I 

Where: 

CEpu- = Total Negative Channel Error Associated with Pickup 
Setting 

DVRPU-REPEAT = Pickup Setting Repeatability at Constant Temperature 
and Constant Control Voltage
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DVRpu-ps = Pickup Setting Repeatability Over Allowable DC 

Control Power Range 

DVRPU-TE = Pickup Setting Repeatability Over Temperature Range 

DVRpU-DRIFT-RAN = Random Drift Associated with Pickup Setting 

DVRM&TE-PU = M&TE Errors Associated with Pickup Setting 

DVRALCT-PU = Pickup As Left Calibration Tolerance 

PTRCF-PU = PT Ratio Correction Error Associated with Pickup 
Setting 

7.0 Calculations 

7.1 Relay Errors 

The vendor has identified the following tolerances, as noted in Section 
5.1.1 above: 

7.1.1 Pickup and Dropout Setting Repeatability at Constant Temperature 
and Constant Control Voltage 

This parameter was specified as ±0.1 % and is equivalent to the 
instrument's reference accuracy. However, in accordance with 
assumption 4.3, reference accuracy is included in the drift terms 
determined in Reference 3.3. Therefore: 

DVRpu-REPEAT-O 

Similarly; 

DVRDo-REPEAT=0 

7.1.2 Pickup and Dropout Settings, Repeatability Over Allowable DC 
Control Power Range 

The control power for the degraded voltage relays can vary from a 
maximum of 137 Vdc during battery equalization, to a minimum of 
125 Vdc during calibration (Assumption 4.4). The vendor 
specification for this parameter was given as ±0.1% over the 
allowable supply voltage range of 100 to 140 Vdc. The maximum 
error may be adjusted for the actual DC voltage variation as follows 
(Assumption 4-5): 

DVRpu- Ps = DVRDo .Ps - (137- 125) x(0 
8-4 DVR TOLERANCE REV 2.do (140-100) 1
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7.1.3 Pickup and Dropout Settings, Repeatability Over Temperature 
Range 

The ambient temperature in the essential switchgear rooms can 
vary between 70 F and 850 F. The vendor specification for this 
parameter was given as ± 0.4% for a temperature variation of +100 

C to 40° C (500 F to 104 0 F). The maximum error may be adjusted 
for the actual temperature variation as follows (Assumption 4.5): 

DVRPUm=DVDO._(85-70) 
(104-50) x(±-.4%) = ±0.111% 

7.1.4 Drift 

As noted in Section 5.5, relay drift was determined separately for 
the pickup and dropout functions of the relay in Reference 3.3.  
These values include both random and non-random components as 
follows: 

Pickup Setting Drift DVRPU-DRIFT-RAN = + 0.287% 

DVRPU-DRIFT-BIAS = + 0.112% bias 

Dropout Setting Drift DVRDo-DRIFT= ± 0.661% random 

7.1.5 Measurement and Test Equipment (M&TE) 

In accordance with assumption 4.3, M&TE errors are included in 
the empirically determined drift value discussed in Section 5.5 of 
this appendix. Therefore, M&TE, errors will not be separately 
quantified: 

DVRM&TE-DO = DVRM&TE-PU = 0 

7.1.6 As Left Calibration Tolerance 

The as left calibration tolerance is equal to the relay repeatability of 
+/- 0.1% (Sections 5.1.1 and 5.2). In accordance with assumption 
4.3 verification of reference accuracy, which includes repeatability, 
is assumed to be included in the results of the drift statistical 
analysis. Consequently, a separate term for as left calibration 
tolerance need not be included (Reference 3.14, Section 6.2.6.2).  
Therefore: 

DVRALOT-DO = DVRALCT-PU = 0
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7.2 Potential Transformer Errors 

7.2.1 Ratio Correction Factor 

As noted in Section 5.6, the maximum PT ratio correction factor 
error is a bias of unknown sign, with a value of ±_0.3% Therefore: 

PTRCF-PU = PTRCF-DO = +0. 3% (bias) 

7.3 Channel Error 

From Section 6 above, the total channel errors for the degraded voltage 
relay instrument loop may be computed as follows: 

7.3.1 Minimum Dropout Setpoint Channel Error 

CEDO - 1.645(2 [U (DVRDO-REPEAT 2 + DVRDo-PS 2 + DVRDO-TE 2 + 

DVRDO-DRIFT 2 + DVRDO-M&TE 2 + DVRALOT-DO 2) 0.5 ] 
- I PTRCF-DO 

Where: 

DVRDO-REPEAT = 0% (Section 7.1.1) 

DVRDo-Ps = + 0.03% (Section 7.1.2) 

DVRDO.TE = + 0.111% (Section 7.1.3) 

DVRDO-DNIFT = ± 0.661% (Section 7.1.4) 

DVRDo-M&TE = 0% (Section 7.1.5) 

DVRALcT-DO = 0% (Section 7.1.6) 

PTRCF.DO = ±0.3% (Section 7.2.1) 

Substituting and computing: 

CEDO = - 0.852% 

Converting to process terms; 

CED0 =-0.00852 X 63 V =-.54V
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7.3.2 Maximum Pickup Setpoint Channel Error 

CEpu+ = I (DVRPU-REPEAT 2 +DVRpu-ps 2 + DVRPU-TE 2+ 

DVRPU-DRIFT-RAN 2 + DVRPU.M&TE 2 + DVRALcT-pU 2) 0.51 + 

DVRPU-DRIFT-BIAS + PTRCF-PU I 

Where: 

DVRPU-REPEAT = 0% (Section 7.1.1) 

DVRpuP= 0.03% (Section 7.1.2) 

DVRPU-TE = ± 0.111% (Section 7.1.3) 

DVRpU-DRIFT-RAN = ± 0.287% (Section 7.1.4) 

DVRPU-M&TE 0% (Section 7.1.5) 

DVRALCT.PU = 0% (Section 7.1.6) 

DVRpU-DRIFT-BIAS = +0.112% (Section 7.1.4) 

PTRCF-PU = ±0.3% (Section 7.2.1) 

Substituting and computing: 

CEpu+ = 0.721% 

Converting to process terms; 

CEpu, = 0.00721 X 63 V = 0.45 V 

7.3.3 Minimum Pickup Setpoint Channel Error 

CEpu = - I (DVRPUREPEAT 2 + DVRpu-PS 2 + DVRpU-TE 2 + 

DVRPU-..RIFT-RAN 2 + DVRpU-M&TE 2 + DVRALCT-PU 2) 0.51 

- I PTROF-PU I
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Where:

DVRPU-REPEAT = 0%

DVRpu-Ps 

DVRpu-TE

- 0.03% 

= +0.111%

DVRPU-DRIFT-RAN = ± 0.287%

DVRPu-M&TE 

DVRALCT-PU 

PTRCF-PU

= 0% 

= 0% 

= ± 0.3%

(Section 7.1.1)

(Section 7.1.2) 

(Section 7.1.3) 

(Section 7.1.4) 

(Section 7.1.5) 

(Section 7.1.6) 

(Section 7.2.1)

Substituting and computing:

CEpu-= - 0.609% 

Converting to process terms; 

CEpu- = - 0.00609 X 63 V = - 0.38 V 

7.4 Acceptable-as-Found Limit 

7.4.1 Dropout Acceptable-as-Found Limit 

The Acceptable-as-Found Limit for the dropout setting will include 
error terms which may be present at the time of calibration, 
Although a two sided tolerance band is calculated, the correction 
factor for the single sided distribution will be used for consistency 
with the method used to determine channel error. The upper 
tolerance limit is not significant relative to the maintenance of safety 
limits, but should be used as an indication of possible equipment 
malfunction.  

AAFLDo= ±1.645/2[ I (DVRDOREPEAT 2 + DVRDO-PS 2 + DVRDO-TE 2 + 

DVRDO-DRIFT 2 + DVRDO-M&TE 2 + DVRALcTDO2) 0.5 ] 
Substituting values from Section 7.3.1 and computing: 

AAFLDo= ± 0.552%
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Converting to process terms; 

AAFLDO= ± 0.00552 X 63 = ± 0.35 V 

7.4.2 Pickup Upper Acceptable-as-Found Limit 

AAFLpu+ = I (DVRPU.REPEAT 2 + DVRpu.ps 2 + DVRpU-TE 2+ 

DVRPU.DRIFT-RAN 2 + DVRPU-M&TE 2 + DVRALcTPU2 ) 0.5 + 

DVRpU-DRIFT-BIAS 

Substituting values from Section 7.3.2 and computing: 

AAFLpu+ = +0.421 % 

Converting to process terms; 

AAFLpu+= +0.00421 X 63 = +0.27 V 

7.4.3 Pickup Lower Acceptable-as-Found Limit 

AAFLpu- I DVRPU.REPEAT 2 + DVRpu.Ps 2 + DVRpU.TE 2+ 

DVRPU-DRIFT-RAN 2 + DVRpU-M&TE 2 + DVRALcT.PU 2 ) 0.51 

Substituting values from Section 7.3.3 and computing: 

AAFLpu_ = - 0.309% 

Converting to process terms; 

AAFL Pu - 0.00309 X 63 = -0.19 V
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CALCULATION C-1100-700-E510-010, REV. 2 

APPENDIX 8.5 
Motor Starting Loads and Voltage Criteria

Red Train Loads 

MOTOR DATA REFERENCES CALCULATED DATA 
TAG NO. DAPPER BLOCK NAME- STARTING FOR MOTOR 

BUS HP PLATE VOLTAGE LRA PF DATA NVA KW KVAR 
VOLTS CRITERIA 

MU-P-1A 4030 1 700 4000 80% 635 0.2 1,10.12 4399 880 4311 
DH-P-1A 4020 ! 350 4000 80% 263 0.2 2,6,12 1822 364 1785 
SR-P-IA 4650 1 210 460 80% 697 0.2 12,13,14 555 111 544 

RR-P-IA 4050 2 400 4000 75% 264 0.2 4,9,12 1829 366 1792 
AH-E-IA 4445 2 75 460 80% 500 0.2 5. 8, 11,12 398 80 390 
AH-E-IC 4490 2 75 460 80% 500 0.2 5. 8, 11.12 398 80 390 

DR-P-lA 4460 3 200 460 75% 993 0.2 4,9,12 791 158 775 
DC-P-IA 4630 3 100 460 75% 678 0.2 4,9,12 540 108 529 
NS-P-IB 4470 3 125 460 75% 885 0.2 4,9.12 705 141 691 
NR-P-1B 5470 3 150 460 75% 978 0.2 4J9,12 779 156 763 

BS-P-lA 4040 4 250 4000 80% 231 0-2 3,6,12 1600 320 1568 

EF-P-2A 4010 5 450 4000 1 75% 317 02 14,9,12 2196 439 2152 

Green Train Loads 

MOTOR DATA CALCULATED DATA REEERENCEI ___ ___ 

TAG NO. DAPPER BLOCK NAME- STARTING FOR MOTOR 
BHP PLATE VOLTAGE LRA PF DATA KVA KW KVAR 

V VOLTS CRITERIA 
MU-P-1C 5030 1 700 4000 80% 635 0.2 1.10,12 4399 880 4311 
DH-P-1B 5020 1 350 4000 80% 263 0-2 26,J12 1822 364 1785 

RR-P-1B 5060 2 400 4000 75% 284 0.2 4, 9,12 1829 w36 1792 
AH-.E-IB 5223 2 75 460 80% 500 02 5, 8,11. 12 398 80 390] 
AH-E-iC 4490 2 75 460 80% 500 0.2 5,8.11, 12 398 80 390 

DR-P-1B 5440 3 200 480 75% 993 0.2 4.9.12 791 158 775 
DC-P-1 B 5260 3 1_00 460 75% 678 0.2 4.9.12 540 108 529 
NS-P-18 5270 3 125 460 75% 885 0.2 4,9, 12 705 141 691 
NR-P-18 5470 3 150 460 75% 978 0.2 4.9.12 779 156 763 

B3S-P-1B 5050 4 250 4000 80% 231 0.2 3,6,12 1600 320 1568 

EF-P-2B 5010 5 450 4000 75% 317 0.2 4,9,12 2196 439 2152 

References for Motor Data 

1. SDBD-T1-211 (Reference 3.3.2) 
2. SDBD-Ti-212 (Reference 3.3.3) 
3. SDBD-Ti-214 (Reference 3.3.4) 
4. SDBD-TI-700 (Reference 3.3.5) 
5. SDBD-T1-823 (Reference 3.3.6) 
6. GAI Drawing SS 224-402 (Reference 3.6.1) 
7. GAI Drawing SS 224-403 (Reference 3.6.2) 
8& GAI Drawing 8$ 224-411 (Reference 3.6.4) 
9. Westinghouse MotorStudy (Refurence3.4.3) 
10. TOR 1064 (Reference 3.2.3) 
11. Assumption 4.10 
12. Assumption 4.4 
13. GAI Drawing SS 224-404 (Reference 3.6.3] 
14. Assumption 4.30 

8-5 STARTING LOADS REV 2-1.xls
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CALCUJLATION C-l01-700-ES10-010, REV. 1 

REACTOR PLANT LOADING

APPENDIX 8.6 
SHEET I OF 2

REACTOR PLANT BUS IA REACTOR PLANT BUS IS 
DATE AAMPS I BAMPS I CAMPS I AVOLTS I BVOLTS I OVOLTS IKVA AAMPS I BAMPS I CAMPSI A VOLTS 1 BVOLTS C VOLTS KVA 

10i16/95 1160 1125 1125 7000 7000 7000 1371 1710 1140 1110 7200 7200 7200 13967 
10/29/95 1165 1140 1145 7000 7000 7000 13943 1110 1150 1110 7150 7150 7150 13912 
11N/95 1150 1150 1150 7000 7000 7000 13943 1100 1150 1125 7150 7150 7150 13932 

11/19/95 1170 1140 1140 6970 6970 6970 13883 1120 1150 1120 7100 7100 7100 13896 
11/26/95 1160 1125 1135 7000 7000 7000 13822 1110 1140 1120 7200 7200 7200 14009 
12/2/95 1170 1140 1130 7000 70D0 7000 13903 1120 1150 1100 7150 .7150 7150 13912 
12/9/95 1155 1145 1145 7000 7000 7000 13923 1100 1150 1100 7150 7150 7150 13829 

12/14/95 1150 1125 1140 7000 7000 7000 13802 1100 1150 1100 7200 7200 7200 13926 
12/21/95 1150 1140 1140 6950 7000 7000 13829 1100 1150 1125 7100 7150 7100 13868 

1/3m/9 1160 1140 1140 7000 7000 7000 13903 1120 1150 1120 7150 7150 7150 13994 
1114/96 1150 1150 1125 7000 7000 7000 1384 1100 1150 1100 7200 7200 7200 13926 
1/27/96 1150 1150 1150 6950 6950 6950 13843 1120 1120 1120 7100 7100 7100 13773 
2/7/96 1160 1140 1140 7000 7000 7000 13903 1120 1150 1120 7150 7150 7150 13994 

2)11/96 1160 1140 1135 7000 7000 7000 13882 1110 1155 1110 7150 7150 7150 13932 
2/18/96 1150 1150 1125 7000 7000 7000 13842 1100 1150 1100 7200 7200 7200 13926 
2/21/96 1160 1140 1125 7000 7000 7000 13842 1110 1145 1110 7200 7200 7200 13988 
2/25/96 1160 1140 1125 7000 7000 7000 13842 1110 1150 1100 7200 7200 7200 13967 
3/11196 1175 1150 1140 6950 6950 6950 13904 1120 1150 1120 7100 7100 7100 13896 
3117/96 1160 1140 1130 7000 7000 7000 13862 11i0 1150 1110 7200 7200 7200 14009 
3/27/96 1160 1130 1125 7000 7000 7000 13802 1110 1145 1110 7200 7200 7200 13988 
4/14/96 1150 1125 1100 7050 7050 7050 13737 .1100 1140 1100 7250 7250 7250 13981 
4/20/96 1150 1125 1100 7000 7000 7000 13640 1100 1150 1100 7200 7200 7200 13926 
5/10/96 1150 1125 1110 7000 7000 7000 13680 1100 1150 1100 7200 7200 7200 13926 
6/10/96 1160 1130 1130 7000 7000 7000 13822 1100 1140 1100 7200 7200 7200 13084 
6/16/96 1175 1140 1140 8950 6950 6950 13863 1120 1145 1100 7100 7100 7050 13762 
6/22/96 1150 1115 1110 7000 7000 7000 13640 1100 1110 1100 7200 7200 7150 13728 
7/7/96 1170 1130 1170 6950 6950 6950 13924 1120 1140 1100 7100 7100 7100 13773 

7/20/96 1150 1120 1120 7000 7000 7000 13701 1100 1125 1100 7200 7200 7200 13622 
7/30/96 1150. 1130 1120 7000 7000 7000 13741 1100 1130 1100 7200 7200 7200 13843 
814/96 1165 1125 1125 6975 6950 6950 13720 1120 1140 1110 7100 7100 7100 13814 

8/13/96 1150 1120 1130 7000 7000 7000 13741 1100 1130 1100 7200 7200 7200 13843 
8/16/96 1120 1120 .1120 7050 7050 7050 13676 1100 1100 1100 7200 7200 7200 13718 
8/23/96 1160 1200 1175 6950 6950 6950 14184 1120 1140 1120 7050 7050 7050 13758 
8W30/96 1160 1200 1175 6950 6950 6950 14184 1120 1140 1120 7050 7050 7050 13758 
9/1/96 1160 1140 1125 7000 7000 6975 13826 1110 1140 1100 7100 7100 7100 13732 
9/7/96 1150 1125 1125 7000 7000 7000 13741 1110 1125 1100 7000 7000 7000 13478 

9/11/96 1150 1120 1130 7000 7000 7000 13741 1100 1130 1110 7200 7200 7200 13884 
9/21/96 1150 1120 1130 7000 7000 7000 13741 1100 1130 1110 7100 7100 7100 13691 
10/6/96 1160 1140 1140 6900 6900 6900 13704 1110 1150 1110 7200 7200 7200 14009 

10/13/96 1160 1125 1125 7000 7000 7000 13781 1110 1140 1110 7190 7190 7190 13948 
11/9/96 1160 1145 M t 6950 6950 6950 13823 1110 1I50 1110 7100 7100 7100 13814 

11/17/96 1160 1130 1130 7000 7000 7000 13822 1100 1150 1100 7200 7200 7200 13926 
11/30/96 1150 1125 1120 7050 7050 7050 13819 1100 1140 1100 7200 7200 7200 13884 
1207/96 1175 1140 1130 7000 7000 7000 13923 1120 1150 1110 7150 7150 7150 13953 

12/15/96 1160 1130 1125 7000 7000 7000 13802 1100 1150 1100 7150 7150 7150 13829 
12t22/96 1175 1145 1140 7000 7000 7000 13963 1120 1 'i150 1120 7100 7100 7100 13896 
12/29/96 1160 1140 1140 7000 7000 7000 13903 1110 1150 1110 7300 7300 7300 14203 

1/5/97 1160 1140 1125 7000 7000 7000 13842 1100 1150 1100 7150 7160 7150 13829 
1/12)97 1160 1140 1125 7000 7000 7000 13842 1110 1145 1110 7170 7170 7170 13930 
1V19)97 1160 1140 1140 7000 7000 7000 13903 1110 1150 1110 7150 7150 7150 13912 
2)1/97 1150 1125 1120 7050 7050 7050 13819 1100 1140 1100 7200 7200 7200 13884 

2/16/97 1155 1130 1130 7000 7000 7000 13802 1100 1140 1110 7200 7200 7200 13926 
2/23/97 1150 1140 1140 7000 7000 7000 13862 1100 1150 1100 7150 7150 7150 13829 
3/2/97 1150 1130 1110 7000 7000 7000 13701 1100 1150 1100 7200 7200 7200 13926 
3/8/97 1160 1145 1145 6900 6900 6900 13744 1100 1150 1100 7150 7150 7150 13829 

3/15/97 1160 1140 1120 7000 7000 7000 13822 1110 1150 1110 7200 7200 7200 14009 
3/23/97 1160 1140 1125 7000 7000 7000 13842 1105 1150 1105 7175 7175 7175 13919 
3130/97 1150 1125 1100 7000 7000 7000 13640 1100 1140 1100 7200 7200 7200 13884 
4/6/97 1160 1130 1120 7000 7000 7000 13781 1110 1150 1100 7150 7150 7150 13870 

4/13/97 1155 1140 1120 7000 7000 7000 13802 1100 1145 1100 7200 7200 7200 13905 
4120/ 1170 1170 1170 7000 7000 7000 14185 1110 1150 1100 7200 7200 7200 13967 
4/27/97 1160 1140 1120 7000 7000 7000 13822 1110 1150 1100 7200 7200 7200 13967 
5f"497 1175 1140 1130 6950 6950 6950 13823 1115 1150 1110 7100 7100 7100 13835 

5/11/97 1120 1120 1120 7000 7000 7000 13579 1110 1110 1110 7150 7150 7150 13746 
5/17/97 1150 1125 1120 7000 7000 7000 13721 1110 1150 1110 7200 7200 7200 14009 
5/25/97 1160 1130 1120 7000 7000 7000 137S1 1100 1140 1100 7200 7200 7200 13884 
6/1/97 1160 1130 1120 6950 6950 6950 13683 1100 1140 1100 7100 7100 7100 13691 
7/'697 1160 1125 1120 6950 6950 6950 13663 1100 1130 1100 7100 7100 7100 13650 

7/12/97 1150 1150 1100 7000 7000 7000 13741 1100 1125 1100 7200 7200 7200 13822 
7/19/97 1150 1110 1110 6950 6950 6950 13522 1100 1125 1100 7100 7100 7100 13630

8-6 BOP LOADS REV l.xls
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CALCULATION C-1L01-700-E510-010, REV. I APPENDIX 8.6 
SHEET 2 OF 2

REACTOR PLANT LOADING

REACTOR PLANTBUS 1A REACIK PLANT BUS 1B 
D}ATE AAMPS I BAMPS CAMPS AVOLTS SVOLTS , VOLTSI KVA AAMPSI BAMPS CMPS -AVOLTS BVOLTS CVOLTS ICVA 7/27/97 1150 1125 1125 6900 6900 6900 13545 1100 1125 1100 7100 7100 7100 13630 
8/3/97 1160 1120 1120 6950 6950 6950 13643 1110 1130 1100 7100 7100 7100 13691 

8/10/97 1150 1125 1125 7000 7000 6950 13708 1100 1150 1100 7100 7100 7100 13732 
8/16/97 1160 1120 1120 6950 6950 6950 13643 1100 1120 1100 7100 7100 7100 13609 
&/23/97 1150 1110 1110 7000 7000 7000 13620 1100 1125 1100 7200 7200 7150 13790 
8131/97 1170 1130 1130 7000 7000 7000 13862 1120 1140 1110 7100 7100 7100 13814 10/25/97 1110 1120 1110 7100 7100 7100 13691 1100 1140 1100 7200 7200 7200 13884 11/2/97 1120 1125 1120 7100 7100 7100 13794 1100 1150 1100 7200 7200 7200 13926 
11/16/97 1120 1130 1120 7100 7100 7100 13814 1100 1150 1100 7200 7200 7200 13926 
11/22/97 1110 1120 1110 7100 7100 7100 13691 1100 1150 1100 7200 7200 7200 13926 11/30/97 1120 1130 1120 7000 7000 7000 13620 1120 11 50 1120 7300 7300 7300 14286 12/6/97 1110 1125 1110 7100 7100 7100 13712 1100 1145 1100 7200 7200 7200 13905 
12/13/97 1110 1125 1110 7100 7100 7100 13712 1100 1150 1100 7200 7200 7200 13926 12/21197 1125 1140 1125 7100 7100 7100 13896 1120 1150 1120 7350 7350 7350 14386 1)4)98 1120 1130 1120 7100 7100 7100 13814 1100 1140 1100 7200 7200 7200 13884 
1/11/98 1110 1120 1110 7100 7100 7100 13691 1100 1140 1100 7200 7200 7200 13884 1/17/98 1110 1120 1120 7300 7300 7300 14119 1100 1150 1100 7200 7200 7200 13926 
1V25198 1110 1130 1110 7100 7100 7100 13732 1100 1150 1100 7200 7200 7200 13926 
1/31/98 1100 1150 1120 7100 7100 7100 13814 1110 1140 1110 7200 7200 7200 13967 
2/7/98 1120 1130 1100 7100 7100 7100 13732 1100 1150 1100 7200 7200 7200 13926 2/14/98 1110 1120 1105 7100 7100 7100 13671 1100 1120 1100 7250 7250 7250 1.387 2/21/98 1105 1125 1120 7100 7100 7100 13732 1110 1150 1110 7150 7150 7150 13912 
3/1/98 1120 1140 1110 7100 7100 7100 13814 1110 1150 1100 7200 7200 7200 13967 
3/7J98 1120 1120 1120 7000 7000 7000 13579 1110 1150 1110 7150 7150 7150 13912 3115/96 1120 1130 1110 7050 7000 7000 13612 1120 1150 1100 7100 7100 7100 13814 

3/22/98 1125 1150 1115 7050 7050 7000 13766 1100 1150 1100 7200 7175 7150 13877 3/29198 1120 1125 1120 7200 7200 7200 13988 1100 1140 1110 7400 7400 7400 14313 4/5/98 1120 1120 1100 7100 7100 7100 13691 1100 1150 1100 7200 7200 7200 13926 
4,11198 1120 1140 1100 7000 7000 7000 13579 1100 1140 1100 7200 7200 7200 13884 4f19/98 1110 1120 1110 7050 7050 7100 13627 1125 1150 1100 7150 7150 7100 13900 
4126/98 1125 1140 1100 7100 7100 7100 13794 1100 1140 1100 7225 7225 7200 13916 
5/3/98 1100 1125 1120 7100 7100 7100 13712 1100 1140 1100 7200 7200 7200 13884 5/10/98 1100 1125 1120 7000 7000 7000 13519 1100 1150 1100 7150 7150 7100 13797 

5/16/96 1100 1140 1110 7000 7000 7000 13539 1100 1140 1100 7150 7150 7150 13788 
5/24/98 1110 1120 1100 7000 7000 7000 13458 1100 1150 1100 7200 7200 7200 13926 
5/3019W 1100 1125 1110 7000 7000 7000 13478 1120-' 1140 1100 7150 7150 7150 13870 
617/98 1120 1130 1120 7200 7200 7200 14009 1100 1140 1110 7400 7400 7400 14313 6/14/98 1110 1130 1130 6950 6950 6950 13522 1120 1150 1100 7100 7100 7100 13814 

6120/98 1130 1140 1120 7000 7000 7000 13701 1110 1140 1110 7100 7100 7100 13773 
8/28=98 1120 1130 1110 7000 7000 7000 13579 1110 1140 1100 7100 7100 7100 13732 7)5/98 1110 1120 1125 7000 7000 7000 13559 1110 1140 1100 7100 7100 7100 13732 7/19/98 1125 1125 1110 7000 7000 7000 13579 1100 1140 1100 7150 7150 7150 13788 7/25/98 1110 1115 1120 7000 7000 7000 13519 1125 1140 1110 7100 7100 7100 13835 
8/2198 1130 1130 1120 7000 7000 7000 13860 1100 1140 1100 7100 710O 7100 13691 8/9/98 1120 1125 1110 7000 7000 7000 13559 1110 1140 1100 7100 7100 7100 13732 

8/15/98 1120 1130 1125 7000 7000 7000 13540 1125 1130 1125 7000 7000 7000 136608/23/98 1125 1125 1100 7000 7000 7000 13539 1100 1150 1100 7150 7150 7150 13829 8/29/98 1100 1100, 1120 7000 7000 7000 13418 1110 1140 1110 7150 7150 7150 13870 
9/5/98 1120 1130 1125 7000 7000 7000 13840 1120 1150 1100 7100 7100 7050 13783 

9/13/98 1125 1130 1110 7000 7000 7000 13599 1110 1140 1100 7150 7100 7100 13764 9120198 1125 1125 1110 7100 7100 7100 13773 1100 1140 1100 72 0 7200 7200 13884 
9126/98 1110 1110 1100 7100 7100 7100 13609 1100 1140 1100 7200 7200 7200 13884 
10/3198 1100 1120 1100 7000 7000 7000 13418 1100 1140 1100 7200 7200 7200 13084 10/11/98 1100 1130 1100 7100 7100 7100 13850 1100 1140 1100 7200 7200 7200 13884 

10/17/98 1100 1110 1110 7100 7100 7100 13609 1100 1145 1100 7200 7200 7200 13905 10/24198 1115 1120 1110 7100 7100 7100 13712 1110 1130 1110 7200 7200 7200 13926 
10/31/98 1110 1120 1110 7100 7100 7100 13691 1100 1150 1100 7200 7200 7200 13926 
11/7198 1110 1140 1110 7100 7100 7100 13773 1110 1140 1110 7200 7200 7200 13967 11/14/98 1110 1130 1110 7100 7100 7100 13732 1100 1140 1100 7200 7200 7200 13884 

11121/98 1110 1125 1110 7100 7100 7100 13712 1100 1125 1100 7210 7220 7200 13841 11/28/95 1110 1125 1110 7000 7000 7000 13519 1100 1140 1100 7100 7100 7100 13691 12(6198 1125 1125 1110 7000 7000 7000 13579 1100 1140 1100 7100 7100 7100 13691

AVERAGE 13748 AVERAGE 13875

8-6 BOP LOADS REV 1.xls
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Calculation C- 101-700-ES10-010, Rev. 1 Appendix 8.7 Page 1 of 3 

Turbine Plant Load Reduction on Plant Trip 

Turbine plant load will be automatically reduced following a plant trip due to the 
reduction in feedwater flow. Electrical loads that will be reduced include two 
condensate pumps per each of two trains and one heater drain pump per each of 
two trains. These loads are normally aligned to the A and C turbine plant buses 
so the load reduction will be experienced on both of these buses. Per references 
3.5.17 and 3.5.18, loads are reduced during a turbine trip as follows: 

Load 100% Power Post Trip Shutdown 

CO-P-1 120A 96A (Reference 3.5.18) 
CO-P-2 240A 165A 
HD-P-i 124A 65A 

Total 484A 326A 

This represents a load reduction of 158A per train.  

Using a voltage of 4200V per Reference 3.5.17 to calculate load reduction in 
KVA: 

158 x 1.73x4.2 = 1148 KVA 

Per Assumptions 4.3.4 and 4.3.5, this load reduction is assumed to be 
proportional to the reduction in feedwater flow observed during the plant trip of 
3112/93, and which was documented in TAR-TM-022 (Reference 3.7.16) Figures 
23 and 24. This assumption is based on engineering judgement of the plant 
response to a reactor/turbine trip. For a large break LOCA the reactor and 
turbine trip will precede or occur simultaneously with the ESAS actuation signal.  
On turbine trip the turbine stop valves slam shut in about 1 sec. and therefore the 
steam generator pressure rises rapidly from 905 psig to about 1060 psig which is 
one of the main steam safety valve setpoints. This rise in pressure chokes off 
feedwater flow, which in turn chokes off heater drain flow to the feedwater pumps 
(FW-P-1A&B). This sharp reduction in feedwater flow unloads the motors for the 
condensate (CO-P-1 A, B, C), condensate booster (CO-P-2A, B, C) and heater 
drain pumps (HD-P-1A, B, C). These pumps go from near 100% design flow to 
the minimum flow provide by the minimum flow recirculation lines. This happens 
rapidly and automatically as a result of plant design.  

Several other plant design details also act to insure a reduction of feedwater flow.  
The ICS, Integrated Control System, reduces FW flow demand post trip due to 
the following:

* Reduction in generated megawatts
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Calculation C-1101-700-ESIO-010, Rev. 1 Appendix 8.7 Page 2 of 3 

Turbine Plant Load Reduction on Plant Trip 

BTU limits - With higher steam generator pressure, lower feedwater 
temperature, lower reactor outlet temperature and lower RCS flow, the 
feedwater flow will be reduced. (References 3.1.14 and 3.1.15) 

When the turbine is tripped the steam flow to the feedwater heaters essentially 
stops. The level control valves for the high pressure heaters will start to close 
because the heaters are no longer condensing steam that needs to be removed 
to keep from flooding the heater cooling coils. The water flowing to the 6th stage 
drain collection tank decreases. The HD pump discharge valves would start to 
close to control tank level because the amount of inflow has decreased. HID 
pump flow decreases accordingly. Note that there are minimum flow 
recirculation lines on each pump back to the tank with a valve that opens to 
assure that the minimum HD pump flow is maintained >= 640 gpm by OPM, 800 
gpm by system engineer.  

The curves from Reference 3.7.16 have been combined and plotted on an 
expanded scale on Figure 8.7-1. Feedwater flow is given in Mlblhr and is plotted 
against time in seconds. Investigation of the plant computer data from the 
3/12/93 trip verifies that this curve is an accurate depiction of feedwater flow 
verses time. Also the steam generator pressure can be seen to have an inverse 
effect on the feedwater flow. The TMI-1 response to a reactor/turbine trip on 
9118/92 and 612/86 was also reviewed. TAP TMI-93-01 (Reference 3.7.17) and 
TAP TMI-86-06 (Reference 3.7.18) respectively show a similar response as 
would be expected.  

Feedwater flow varied from a maximum of 5.4 Mlb/hr maximum at 0 seconds to 
0.3 Mlb/hr at 40 seconds. This represents a range of 5.1 Mlb/hr which was used 
to calculate the proportional decrease in electrical load. The time increments of 
interest correspond to the Block Load Sequence intervals which occur at 0, 5, 10, 
15, and 20 seconds. For conservatism, and to account for timer tolerances, time 
intervals after the event initiation were adjusted by -1 second. Feedwater flow at 
the various time intervals, along with the proportional decrease in electrical load 
are tabulated in Table 8.7-1.  

Table 8.7-1 

Feedwater Adjusted % 100%-% of Electrical 
Time Flow Flow %Of5.1 5.1 Load 

Reduction 
1:27:20 5.4 5.1 100.0 0.0 0.0 
1:27:24 4.75 4.45 87.3 12.7 145.8 
1:27:29 2.9 2.6 51.0 49.0 562.5 
1:27:34 2 1.7 33.3 66.7 765.7 
1:27:39 1.6 1.3 25.5 74.5 855.3 
1:28:00 0.3 0 0.0 100.0 1148.0
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Calculation C-1101-700-ESI0-010, Rev. 1 Appendix 8.7 

Turbine Plant Load Reduction on Plant Trip 

Figure 8.7-1 
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Calculation C-1101-700-E510-010, Rev. 1, Appendix 8.8, MOV Loading

APPENDIX 8.8 
TABLE 1A 

MOV Loading of 480V (ES) Motor Control Center 1A 

EQUIPMENT OPERATING LOAD DRAWING 

REFERENCE Comp. Description Tag No. NOTES (SEE PAGES 
No.  

FLA LRA KVA g_&) 

2B MOV EF-V-1A 2 208422 sh I 
2C MOV RR-V-4C 2.8 2.2 1- 209518 
2D MOV EF-V-2A 2 208422 sh 2 
7D MOV MU-V-14A 38.0 30.3 1 209491 
9A MOV CO-V-14A 2 208475 
9B MOV RC-V-1 2 208426 sht I 
12D MOV CO-V-111A -"2 208505 
14D MOV RR-V-3A 2,8 2.21 209513 
14E MOV RR-V-4A 1 2.81 . 1 209518 

Total Bus 4456 (MOV CON KVA (90)) 37.01 

Notes 

I. MOVs with safety signal (HSPS or ESAS) 
2. NSR MOVs with active safety fimction but not automatic, OR MOVs which are NSR and do not have an 

active safety function. Reference TR 113, Revision 0, "Generic Letter 89-10 Motor Operated Valve 
Program Description" 

3. Manual pushbutton operation.

Sheet 1 of 9

8-8 MOV LOADS REV lids
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APPENDIX 8.8 
TABLE IA-V 

MOV Loading of 480V (ES) Motor Control Center 1A (Valves) 

_EQUIPMENT OPERATING LOAD DRAWING 
Blocks 2 REFERENCE 

Comp't Description Tag No. Block I through NOTES (SEE PAGES 
No. 5 

FLA LRA KVA KVA 8&9) 
1B MOV AH-V-lB 7,50 6.0 6.0 1 209522 
5C MOV BS-V-lA 4.80 3.8 3.8 1 209521 
IA MOV BS-V-2A 0.95 0.8 0.8 1 209520 
2A -MOV BS-V-3A 4.00 3.2 3.2 1 209519 
6E MOV CA-V-4A 0.45 0.4 0.4 1 209518 
5A MOV CF-V-2A 0.95 0.8 0.2 1 209512 
5B MOV CF-V-2B 0.45 0.4 0A4 1 209518 
10D MOV CO-V-12 3 208423 
1C MOV DH-V-4A 10.00 8- 0 o ,0 1 209492 
3A MOV DH-V-5A 5.50 4.4 4.4 1 209492 
3B MOV DH-V-6A 2 208434 sh I 
XC MOV DH-V-7A 2 208431 sh 1 
2B MOV PW-V-5A 33.41 196.00 156.2 26.6 1 208425 
2C M0V FW-V-92A 3.80 3.0 3.0 1 208524 sh 1 
3D MDV IC-V-79A 3 208512 
'7B MOV IC-V-79C 3 208512 
44B MOV MU-V-16A 5.20 4'.1 4.1 1 209491 
40 MOV MU-V-16B 5.20 4.1 4.1 1 209491 
4D MOV MU-V-25 2.80 2.2 2,2 1 209521 
2D MOV MU-V-36 0.95 0.8 0.8 1 209491 
5D MOV MU-V-39 2 208691 
9C MOV NR-V-1OA 2 208448 
9D MOV NR-V-lOB 2 208448 
SA MOV NR-V-l6A 2 208451 
8 MODV NR-V-16B 2 208451 
7C MOV NR-V-4A 1.40 1.1 1.1 1 209491 
8D MOV NR-V-5 2 208447 
9A MOV NR-V-gA 2 208450 
9B MOV NR-V-SB 2 208450 
7D MOV NS-V-4 2,30 1.8 1.8 1 209520 
6D MOV WDG-V-3 0.96 0.8 0.8 1 209522 
8C MOV WDL-V-303 0.95 0.8 0.8 1 209518 

Total Bus 4481 (MOV CON KVA (90)) 202. 73.0 

Notes 
1. MOVswithsafety-ignal (HSPSor ESAS) 
2 NSR MOVs with active safety function but not automatic, OR MOVs which arc NSR and do not have an 

active safety function. Reference TR 113, Revision 0, "Generic Letter 89-10 Motor Operated Valve 
Program Description" 

3. Manual pushbutton operation.

8-8 MOV LOADS REV 1.xls
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Calculation 0-1101 -700-E51 0-010, Rev. 1, Appendix 8.8, MOV Loading

APPENDIX 8.8 
TABLE 1A-SH 

MOV Loading of 480V (ES) Motor Control Center 1A (Screen House (SH)) 

EQUIPMENT OPERATING LOAD DRAWING 

REFERENCE 
Comp't Desption Tag No. NOTlS (SEE PAGES 

No.  

FLA LRA KVA 89) 

2A MOV NR-V-2 2 208446 
2B MOV NR-V-3 2 1208447 
2C MOV SR-V-lA 3 208472 

209490, 
12A MOV DR-V-lA 4.70 3.7 1 208342, 

208487sh 1, 
209490, 
208355, 

12B MOV NR-V-IA 0.45 0.4 1 208486 sh 1, 
209104, 

______ _________________________ 09103 
120 MOV RR-V-1A 1.50 1.2 1 209518 

Total Bus 4628 (MOV CON KVA (90)) 1 1 5.3 

Notes 
1. MOVs with safety signal (LISPS or ESAS) 
2. NSR MOVs with active safety function but not automatic, OR MOVs which are NSR and do not have an 

active safety fimction. Reference TR 113, Revision 0, "Generic Letter 89-10 Motor.Operated Valve 
Program Description" 

3. Manual pushbutton operation.
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APPENDIX 8.8 
TABLE 1B 

MOV Loading of 480V (ES) Motor Control Center 1B 

EQUIPMENT OPERATING LOAD 
DRAWING 

REFERENCE 

No. Description Tag No. NOTES (SEE PAGES 

FLA LRA KVA 8& 9) 

108 MOV RC-V-3 2 208426 sh2 
loc MOV RC-V-28 2 208430 
11A MOV CO-V-14B 2 208475 
1D MOv RB-V-7 0.7 0.6 1 209620 

14A MOV RR-V-4B 2.8 2.2 1 209618 
14B MOV RR-V-4D 2.9 2.2 1 209618 
14C MOV RR-V-3B 16.00 12-7 1 20951:8 
14D MOV CO-V-I 11B 2 208505 
15D MOV EF-V-IB 2 208422 sh 1 
15E MIOV EF-V-2B 2 208422 sh2 

Total Bus 5236 (MOV CON KVA (90)) 17.8 

Notes 
1. MOVs •ith safety signal (HSPS or ESAS) 
2. NSRMOVs with active safety function but not automatic, OR MOVs which are NSR and do not have an 

active safeLty funo.imon Reference TR 113, Revision 0, "Generic Letter 89-1 D Motor Operated Valve 
Program Description" 

3. Manual pushbutton operation.
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APPENDIX 8.8 
TABLE 1B-V 

MOV Loading of 480V (ES) Motor Control Center 1B (Valves) 

EQUIPMENT OPERATINO LOAD DRAWING 
Blocks 2 REFERENCE 

comp. Description TagNo. throgh 5 (SEE PAGES 
SFLA LRA KVA KVA 8&9) 

IB MOV AH-V-IC' 7.50 6.0 6.0 1 209622 
7B MOV BS-V-lB 5.75 4.61 4.6 1 209621 
IA MOV lS-V-28 0.95 0.8 0.8 1 209620 
2A MOV BS-V-3B 4.00 3.2 3.2 1 209619 
7D MOV CA-V-1 2 209353 
5C MOV CA-V-13 0.45 0.4 0.4 1 209619 
6E MOV CA-V-3 2 209355 
6D MOV. CA-V-4B 0.45 0.4 0.4 1 209618 
1C MOV DH-V-4B 10.00 8.0 8.0 1 209592 
3A MOV DH-V-SB 5.50 4.4 4.4 1 209592 
3B MOV DH-V-6B 2 208434 sh 2 
3C MOV DH-V-lB 2 208431 sh 2 
2B MOV FW-V-5B 33.41 196.00 156.2 26,6 1 208425 
2C MOV FW-V-92B 3.80 3.0 3.0 1 203524 sh 2 
5B MOV IC-V-2 0.935 0.8 0.8 1 209620 
3D MOV IC-V-79B 3 208512 
5A MOV IC-V-79D _3 208512 
4A MOV MU-V-14B 5.75 4.6 4.6 1 209591 
4B MOV MU-V-16C 5.20 4.1 4.1 1 209591 
4C MOV MU-V-16D 5.20 4.1 4,1 1 1209591 
4D MOV MU-V-2A 2.80 2.2 2.2 1 209620 
5D MOV MU-V-2B 2.80 2.2 2.2 1 209621 
20 MOV MU-V-37 0.95 0.8 0.8 1 209591 
9C MOV NR-V-15A 2 203449 sh I 
90 MOV NR-V-15B 2 208449 sh 2 
SA MOV NR-V-16C 2 208451 
8B MOV NR-V-16D 2 208451 
7C MOV NR-V-4B 1.40 1.1 1 209591 
L0D MOV NR-V-6 2 208446 

9A MOV NR-V-8C 2 208450 
9B MOV NR-V.gD 2 208450 
1SC MOV NS-V-35 2.320 1.8 1.g 1 209620 
10E MOV SR-V-2 3 208.69 

Total Bus 5281(MOV CON KVA (90)) 208.5 79.01 1 

Notes 
1. MOVs with safety signal (liSPS or ESAS) 
2. NSR MOVs with active safety function but not automatic, OR MOVs which are NSR and do not have an 

active aafety function. Reference TR 113, Revision 0, "Generic Letter 89-10 Motor Operated Valve 
Program Description" 

3. Manual pushbutton operation.
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APPENDIX 8.8 
TABLE 1B-SH 

MOV Loading of 480V (ES) Motor Control Center 1B (Screen House (SH)) 

EQUIPMENT OPERATING LOAD DRAWING 
REFERENCE 

Compt Description TagNo. NOTES (SEE PAGES 
No.  

FLA LRA KVA 8&9) 

209590, 
209358, 

1B MOV NR-V-1C 0.45 0.4 1 208486 sh 2, 
209104, 

.209103 
IC MOV RR-V-IB 1.50 1.2 1 209518 
2A MOV NR-V-7 2 208446 
2B MOV SR-V-LB 3 208472 
2C MOV SR-V-IC 3 208472 

209590, 
10A MOV DR-V-i B 4.70 3.7 1 208343, 

_ 1 1_ 1208487 sh 2 
Total Bus 5428 (MOV CON KVA (90)) 1 1 5.3 

Notes 
1. MOVs with safety signal (HSPS or ESAS) 
2. NSR MOVs with active safety function but not automatic, OR MOVs which are NSR and do not have an 

active safety function. Reference TR 113, Revision 0, "Generic Letter 89-10 Motor Operated Valve 
Program Decription" 

3. Manual pushbutton operation.

Sheet 6 of 9

3-8 MOV LOADS REV 1.xls



02/16/00 13:00:32 

Calculation 0-1101 -700-E51 0-010, Rev. 1, Appendix 8.8, MOV Loading

APPENDIX 8.8 
TABLBE iC-V 

MOV Loading of 480V (ES) Motor Control Center 1C (Valves) 

EQUIPMENT OPERATING LOAD DRAWING 

P.EFERENCE Comp't Decription Tag No. NOTES (SEE PAGES No. • to a o 
No. FLA LRA KVA 8&9) 

3C MoV CF-V-1A 2 208443 
4C MOV CF-V-1B 2 208443 
3A MOV DH-V-1 4 209503 
3B MOV DH-V-2 4 209603 
4B MOV DH-V-3 2 208454 
7A MOV EF-V-4 2 208424 
78 MOV EF-V-5 2 208424 
13D MOV MS-V-lA 2 208421 
12C MOV MS-V-lB 2 208421 
liC MOV MS-V-ic 2 208421 
12B MOV MS-V-ID 2 208421 
IOC MOV MS-V-2B 2 208427 
8D MOV MS-V-2A 2 208427 
8A MDV MS-V-8A 2 208429 sh 1 
8B MOV MS-V-8B 2 208429 sh 2 
7D MOV NR-V-18 2 208481 sh 1 
5D MOV NR-V- 19 2 208481 sh2 

208490, 
209490, 
209590, 
208356, 2A MOV NR-V-IB 0.45 0.4 1 209104, 
209103, 
209520, 
209620 
j209520, 

2B MOV NS-V-15 2.30 1.8 1 209520 
209620 

2C MOV NS-V-32 2 208484 
209521I, 

2D MOV RB-V-2A 2.50 2.0 1 209621 
209621 

5C MOV RC-V-2 1 2 208426 shi 
5B MOV RC-V-4 2 208500 
13C MOV RR-V-3C 16.00 12.7 1 209519 
11A MOV RR-V-5 2 208509 

5A MOV VA-V-8 3 208476 
7C MOV WDG-V-2 3 209315 

Total Bus 4491(MOV CON KVA (90)) _ 16.9 

Notes 
1. MOVs with safety signal (HSPS or ESAS) 
2. NSR MOVs with active safety fimction but not automatic, OR MOVs which are NSR and do not have an 

active safety fumction. Reference TR 113, Revision 0, "Generic Letter 89-10 Motor Operated Valve 
Program Description" 

3. Manual pushbutton operation.' 
4. Receive ES close signal but normally closed and remain closed during initial stages of evenL 

Reference TR 113, Revision 0, "Generic Letter 89-10 Motor Operated Valve Program Description"
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APPENDIX 8.8 
REFERENCES

Reference rn [ Drawing No Full Description Drain.N
1 208342 GAI Drawing 6S-208-342, Revision 5, Electrical Elementary Wiring Diagrams 480V Switchgear (E.S.) 
2 208343 GAI Drawing SS-208-343, Revision 7, Electrical Elementary Wiring Diagrams 480V Switchgear (E.S.) 

(1T-2C) A Decay Heat River Water Pump (DR-P-1 B) 
3 208355 GAl Drawing SS-208-355, Revision 8, Electrical Elementary Wiring Diagrams 480V Switchgear (E.S.) 
4 208356 GA! Drawing SS-208-356, Revision 7, Electrical Elementary Diagram 480V Switcbgear (E.S.) (1 R
5 208358 GAI Drawing 8S-208-358, Revision 10. Electrical Elementary Diagram 480V Switchgear (E.S.) (1T

2B) C Nuclear Service River Water Pump (NR-P-1 C) 
6 208421 GAI Drawing SS-208-421, Revision 7, Electrical Elementary Diagram 480V Control Center 
7 208422 shl GAI Drawing 6S-208-422, Sh. 1, Revision 8, Elec Elementary Diagram 480V Control Ctr 
8 208422 sh2 GAI Drawing 208-422, Sh. 2, Revision 1, Elec Elementary Diagram 480V Control Ctr 
9 208423 GAI Drawing 63-208-423, Revision 5, Elect. Elementary Diagram 480V Control CMr..  

10 208425 GA] Drawing SS-208-425, Revision 12, Elect. Elementary Diagram 480V Control Ctr.  
11 208426 sh 1 GAI Drawing 83-208-426, Revision 6, Electrical Elementary Diag 480V Cont. Ctr.IC-ESV- Unit 5C 

Pressurizer Relief Block Valve RC-V-2 
12 208425 sh2 GAl Drawing SS-208-43026, Revision 0, Electrical Elementary Diagram 480V Cant. Ctr.1 B-ES -- Unit 

10B Pressurizer SprayBlock Valve RC-V-3 
13 208427 GAI Drawing SS-208-427, Revision 4, Elect. Elementary Diagram 480V Control Center 
14 208429 sh I GAI Drawing SS-208-429, Sh. 1, Revision 2, Electrical Elementary Diagram 480V Cont. Center 1 C

ESV- Unit SA Steam Dump to Cond Isol Valve MS-V-8A 
15 208429 sh 2 GAI Drawing SS-208429, Sh. 2,Revision 0, Electrical Elementary Diagram 480V Cont. Center 1 C

ESV- Unit 8B Steam Dump to Cond Isol Valve MS-V-SB 
16 208430 GAI Drawing S3-208-430, Revision 4, Electrical Elementary Diag 480V Cont. Ctr.1 B-ES - Unit IOC 

Pressurizer Vent Valve RC-V-28 
17 208431 sh I GAI Drawing SS-208-431, Sh. 1, Revision 4, Electrical Elementary Diag. 480V Cont. Ctr. 1A-ESV 

Unit 3C DH Pump to MU Pump Valve DH-V-7A 
18 208431 sh 2 GAI Drawing SS-208-431, Sh. Z Revision 0, Electrical Elementary Diag. 480V Cont. Ctr. 1 B-ESV 

Unit 3C DH Pump B to MU Pumps Valve DH-V-78 
19 208434 sh I GAI Drawing 8S-208-434, Sh. 1, Revision 4, Electrical Elementary Diag. 480V Cont Ctr IA-ESV 

Unit 3B RB Sump to DH Pump "A Valve DH-V-SA 
"20 208434 sh 2 GAI Drawing SS-208-434, Sh. 2, Revision 2, Electrical Elementary Diag. 480V Cont Ctr I B-ESV 

Unit 31 RB Sump to DH Pump "B" Valve DH-V-6B 
21 208446 GAI Drawing 8S-208-446, Revision 3, Electrical Elementary Diagram 480V Control Center 

* 22 208449 sh 1 GAI Drawing SS-208-449, Sh. 1, Revision 2, Electrical Elementary Diagram 480V Control Center 
23 208449 sh 2 GAI Drawing SS-208-449, Sh. 2, Revision 0, Electrical Elementary Diagram 480V Control Center 1 B

ESV - Unit 9D Inter Cooler "B" Outlet Valve NR-V-1 5B 
24 208450 GAI Drawing SS-208-450, Revision 2, Electrical Elementary Diagram 480V Control Center 
25 208451 GAI Drawing 55-208-451, Revision 2, Electrical Elementary Diagram 480V Control Center 
26 208454 GAI Drawing SS-208.454, Revision 4, Electrical Elementary Diag. 480V Cont. Ctr. I C-ESV - Unit 40 

R.C. Outlet to D.H.SystemDH-V-3 
27 208469 GAI Drawing SS-208-469, Revision 2, Electrical Elementary Diagram 480V Control Center 
28 208472 GAI Drawing 86-208-472, Revision 2, Electrical Elementary Diagram 480V Control Center 
29 208475 GAI Drawing $8-208-475, Revision 2, Electrical. Elementary Diagram 480V Control Ctr.  
30 208476 GAI Drawing SS-208-476, Revision 4, Electrical. Elementary Diagram 480V Control Ctr.  
31 208481 sh 1 GAI Drawing SS-208-481, Sh. 1 ,Revision 1, Electrical Elementary Diagram 480V Control Center 1C

ESV Unit 7D, N R-V-18 
32 208481 sh 2 GAI Drawing SS-208-481, Sh. 2,Revision 4, Electrical Elementary Diagram 480V Control Center 
33 206484 GAI Drawing SS-208-484, Revision 9, Elect. Elementary Diagram 480V Control Ctr.  
34 208486 sh I GAI Drawing SS-208-486, Sh. 1, Revision 8, Electrical Elementary Diag 480V Cont. Ctr.1A-ESSH 

Unit 12B NR Pump 1A Discharge Valve NR-V-1A 
35 208486 sh 2 GAI Drawing SS-208-486, Sh. 2, Revision 3, Electrical Elementary Diag 480V Cont. Ctr.1 B-ES;H 

Unit IB NR Pump "C' Discharge Valve NR-V-1 C 
36 208487 sh I GAI Drawing SS-208-487, Sh. 1, Revision.S, Electrical Elementary Diag 480V Cont. Ctr.1B-ESSH 

Unit 12A DR Pump 1A Discharge Valve DR-V-IA 
37 208487 sh 2 GAI Drawing SS-208-487, Sh. 2, Revision 4, Electrical Elementary Wiring Diag 480V Cont.Ctr.1 B

ESSSH - Unit 10A DR Pump I B Discharge Valve DR-V-1B 
38 208500 GAI Drawing SS-208-500, Revision 4, Electrical Elementary Diag 480V Cont. Cir1 C-ESV - Unit 5B 

Pressurizer Quench Valve RC-V-4 
39 208505 GAI Drawing SS-208-505, Revision 6, Electrical Elementary Diagram 480V Control Center
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APPENDIX 8.8 
REFERENCES 

Reference Refrn Drawing No Full Description 

40 208509 GAI Drawing ss-208-509, Revision 5, Electrical Elementary Diag 480V Cont. Ctr.IlC-ESV- Unit 11A 
R.B. Emer. Cir. Disch. Press. Reg. Bypass Valve RR-V-5 

41 208512 GAI Drawing SS-208-512, Revision 3, Electrical Elementary Diagram 480V Control Center 
42 208524 sh I GAI Drawing SS-208-524, Sh. 1, Revision 5, Electrical Elementary Wiring Diag 480V Cont.Ctr.1A

ESV- Unit 2C FW-V-1 6A Upstream Isolation Valve FW-V-92A 
43 208524 sh 2 GAI Drawing SS-208-524, Sh. 2, Revision 0, Electrical Elementary Dieg 480V Cont.Ctr1 B-ESV- Unit 

2C FW-V-16B Upstream Isolation Valve FW-V-928 
44 209103 GAI Drawing $8-209-103, Revision 4, Electrical Elementary Diag DC & Miscellaneous 
45 209104 GAI Drawing $8-209-104, Revision 5, Electrical Elementary Diag DC & Miscellaneous 
46 209315 GAl Drawing SS-209-315, Revision 3, Elect. Elementary Diagram 480V Waste Handling System 
47 209353 GAI Drawing 88-209-353, Revision 7, Elect- Elementary Diagram Waste Handling System 
48 209355 GAl Drawing SS-209-355, Revision 8, Electrical Elementary Diag. 480V Cont. Ctr.IB-ESV - Unit 6E 

Preesurize Wtr. Space Sample Isol. Valve CA-V-3 
49 208480 GAI Drawing SS-208-490, Revision 5, Electrical Elementary Diag 480V Cont. Ctr.1 C-ESV - Unit 2A 

N.R. Pump B Discharge Valve NR-V-1B 
50 209490 GAI Drawing 88-209-490, Revision 6, Electrical Elementary Wiring Diagram Engineered Safeguard 
51 209491 GAI Drawing S5-209-491, Revision 8, Electrical Elementary Wiring Diagram Engineered Safeguard 
52 209492 GAM Drawing 8S-209-492, Revision 9, Electrical Elementary Wiring Diagram Engineered Safeguard 
53 209503 GAI Drawing 88-209-503, Revision 4, Electrical Elementary Wiring Diagram Engineered Safeguard 
54 209518 GAI Drawing SS-209-518, Revision 5, Electrical Elementary Wiring Diagram Engineered Safeguard 
55 209519 GAI Drawing 38-209-519, Revision 6, Electrical Elementary Wiring Diagram Engineered Safeguard 
56 209520 GAI Drawing 8S-209-520, Revision 7, Electrical Elementary Wiring Diagram Engineered Safeguard 
57 209521 GAI Drawing S5-209-521, Revision 9, Electrical Elementary Wiring Diagram Engineered Safeguard 
58 209522 GAI Drawing SS-209-522, Revision 5, Electrical Elementary Wiring Diagram Engineered Safeguard 
59 209590 GAI Drawing 53-209-590, Revision 5, Electrical Elem. Wiring Diagram Engineered Safeguard 
60 209591 GAi Drawing SS-209-591, Revision 8, Electrical Elementary Wiring Diagram Engineered Safeguard 
61 209592 GAI Drawing 88-209-592, Revision 13, Electrical Elementary Wiring Diagram Engineered Safeguard 
62 209603 GAI Drawing SS-209-603, Revision 4. Electrical Elementary Wiring Diagram Engineered Safeguard 
63 209618 GAI Drawing 88-209-618, Revision 10, Electrical Elementary Wiring Diagram Engineered Safeguard 
64 209619 GAI Drawing 88-209-619, Revision 5, Electrical Elementary Wiring Diagram Engineered Safeguard 
65 209620 GAI Drawing SS-209-620, Revision 6, Electrical Elementary Wiring Diagram Engineered Safeguard 
66 209621 GAI Drawing SS-209-621, Revision 10, Electrical Elementary Wiring Diagram Engineered Safeguard 
67 209=22 GAI Drawing SS-209-622, Revision 5, Electrical Elementary Wiring Diagram Engineered Safeguard 
68 208424 GAI Drawing SS-208-424, Revision 2, Electrical Elementary Diagram 480V Control Center 
69 208443 GA! Drawing 83-208-443, Revision 6, Electrical Elementary Diagram 480V Control Center 
70 208447 GAl Drawing SS-208-447, Revision 3, Electrical Elementary Diagram 480V Control Center 
71 208448 GA! Drawing SS-208-448, Revision 2, Electrical Elementary Diagram 480V Control Center 
72 208691 GAi Drawing SS-208-691, Revision 2, Electrical Elementary Diagram 480V Control Center 
73 N/A Technical Report TR 113, Revision 0, Generic Letter 89-10 Motor Operated Valve Program 

Description
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TABLE A 

TRAIN "A" VOLTAGE SUMMARY

CALCULATION C-1 101-700-E510-010. Rev. 2 
APPENDIX 8.10 

I of 8

CASE 2A CASE 3A CASE 4A CASE SASR CASE 6ASR CASE 7A5R Case BA 

ACCEPTANCE Thhradtf.EF t% ' l W 0TNQf ,.4V0 Shod r.-Pmt ocA ywoY-ndpnw~otaa CM To .-w*o* .1hoFhiPod 
S ~ ~ ~ ~ ~ ~ ~ ~ ~ b Moo. (4 uufl-%~o1 A~e1 tS ~ v

1
n~l~ iAbe.0 P.1064 DAPPE,, I.~v %~ pWV (A AS PA"OS CRTERIA omfm OPE %A-ne P=4 APC : W I APER I% V %V./alw(.) Iog Yoo 

M tP. bvtý(-) VoI1.j. 1/0.1* .[- 0 V.142 Von."'r oca, C a E*.3B.2V~ . Icr'teI-) Yvlr.q /*o4 /1w * 

iD-E SSWGR 4000 NIA 3fl4 NWA N/A 3806 N/A I/A 3727 N/A N/A 3903 WA N/A 3856 NfA N/A 3756 NIA N/IA $85A N/A A 
EF-P-2A 4010 3600 OFF N/A NWA OFF N/A NIA 3723 3.4% PASS 38as 8.VA PASS 3852 7.0% PA$S 3703 4.31% PASS 1881 7.1% PASS 
DH-P-1A 4020 3600 OFF WA WA OFF N/A WA 3724 3.4% PASS 3300 8.$% PASS 3853 7.0% PASS 3754 4.3% PASS 3882 7.3% PASS 
MU-P-IA 4030 3600 OFF N/A WA OFF N/A NWA 3723 3.4% PASS 399 8.3% PASS 3852 T.0% PASS 3753 4.3% PASS 3881 7.3% PASS 
BS.P-IA 4040 3600 OFF WA N/A OFF N/A PUA 372S 3,5% PASS 30011 .4% PASS 38W4 7.1% PASS 3755 4.3% PASS 3863 7.3% PASS 
RR-P-1A 4050 3600 OFF N/A N/A OFF N/A NZA 3720 0.3% PASS 3096 8.2% PAS- 3840 6.9% PASS 3749 4.1% PASSj 3858 7.2% PASS 
1NPRI 4100 NIA 3923 N/A WA 305 N/A N/A 3725 N/A N/A 3902 NA N/A 3855 WA N/A 3755 N/A NIA 384 WA NIA 
IN BUS 4200 NIA 443 N/A N/A 420 N/A NIA 419 N/A WA 440 N/A NfA 434 N/A WA 423 N/A N/A 436 WA N/A 
1PFRI 4300 N/A $923 N/A NWA 3805 WA NIA 3725 N/A WA 3801 WA N/A 3054 N/A WA 3755 N/A NIA 3893 WA NIA 

IFPBUS 4400 N/A 432 N/A WA 418 WA WA 408 WA W/A 429 WA NIA 423 WA WA 411 N/A NIA 423 WA NIA 
tA-E$SV C 4420 NIA 430 WA N/A 416 N/A WA 405 N/A N/A 42. WA N/A 419 N/A N/A 407 NIA NIA 422 NA N/A 
1AESV LOAD 4421 N/A 430 N/A WA 416 N/A N/A 405 WA N/A 425 N/A N/A 419 N/A N/A 407 NIA NIA 422 WA N/A 
MU-P-2A 4422 414 430 3.9% PASS 416 0.5% PASS 405 -2.2% FAIL 425 27% PASS 419 1.2% PASS 407 -1.7% FAIL 422 1.0% PASS 
MU-P-2B 4423 414 430 3.9% PASS 416 0.6% PASS 400 -2.2% FAIL 4Z$ 2,7% PASS 419 1.2% PASS 407 -1.7% FAIL 422 1.9% PASS 
MU-P-4A 4424 414 430 3.9% PASS 416 0.6% PASS 405 -2.2% FAIL 424 2.4% PASS 419 1.2% PASS 407 *1.7% FAIL 422 1.91A PASS 
IA-ESFCC 4430 N/A 430 WA WA 416 WA WA 405 N/A N/A 425 WA N/A 419 WA WA 407 N/A N/A 422 N/A N/A 
1AESF LOAD 4432 N/A 430 WA WA 416 N/A WA 405 N/A N/A 425 NZA NA 419 N/A WA 407 N/A NIA 422 WA N/A 
1A-ESC0 4440 N/A 432 NIA WA 417 N/A WA 407 N/A N/A 428 WA NIA 423 N/A WA 411 NIA N/A 422 WA N/A 
EG-P-IA 4441 N/A 424 WA WA 410 N/A WA 39$ N/A WA 421 WA N/A 415 N/A WA 403 N/A N/A 415 N/A N/A 
AH-E-1A 4442 414 429 3.4% PASS 414 0.0% PASS 403 -2.7% FAIL 425 2.7% PASS 419 1.2% PASS 40? -1.7% FAIL 419 1.2% PASS 
AI-I-E-29A 4443 414 417 0.7% PASS 402 -2.9% FAIL 391 -5.6% FAIL 413 o0.2% FAIL 407 -1.7% FPA. 395 -4.6% FAI L 407 -1.7% FAIL 
AHI-E-.A 4444 414 430 39% PASS 416 0.5% PASS OFF NWA N/A OFF WA N/A OFF N/A WA OFF N/A N/A OFF WA N/A 
AN-E-IA 4445 414 429 3.4% PASS 413 -02% FAIL 404 -2.4% FAIL 426 2.9% PASS 420 1,4% PASS 408 -1.4% FAIL 420 1.4% PASS 
0F-P-1A 4446 414 431 4C1% PASS 415 0.5% PASS 406 -1.9% FAIL 427 3.1% PASS 422 1.0% PASS 410 -1,0% FAIL 421 1.7% PASS 
AI-E-95A 4447 4141 431 4.1% PASS 417 0.7% PASS 406 -1.9% FAIL 429 3.4% PASS 422 1.9% PASS 410 -1.0% FAIL 421 1,714 PASS 
A--E-19A 4448 414 425 2,7% PASS 411 -0.7% FAIL 400 -3.4% FAIL 422 1.9% PASS 416 0.5% PASS 404 -2.4% FAIL 416 0.5% PASS 
AH-E-18A 4449 414 OFF N/A NIA OFF NIA N/A 403 -2.7% FAIL OFF NIA N/A OFF NIA WA OFF N/A N/A 418 1.0% PASS 
1A-Nx3 W0 4450 414 420 1.4% PASS 406 -242% FAIL 407 -1.7% FAIL 428 3.4% PASS 423 2.2% PASS 410 -1.0% FAIL 410 -1.0% FAIL 
AH-E-24A 4451 414 419 1.2% PA$S 404 -2.4% FAIL 393 -5.1% FAIL 418 0.5% PASS 410 -1.0% FAIL 397 -4.1% FAIL 409 -12% FAIL 
MU-P-.A 4453 414 431 4.1% PASS 417 0.7% PASS 406 -1,9% FAIL 42a &,4% PASS 422 1.9% PASS 4t0 -1.0% FAIL 422 1.0% PASS 
AH-P-8A 4454 NWA 431 N/A N/A 416 N/A WA 406 N/A NIA 428 N/A N1 A 422 WA WA 410 N/A N/A 421 N/A N/A 
AH-P-SB 4455 N/A OFF N/A N/A OFF NIA N/A OFF N/A N/A OFF NIA WA OFF WA WA OFF N/A NA OFF WA N/A 
lAES LOAD 4456 N/A 432 N/A N/A 417 N/A WA 407 WA N/A 428 N/A NA 423 WA WA 411 NIA N/A 422 N/A NtA 
SF-P-lA 4457 414 424 2.4% PASS 409 -1.2% FAIL OFF NWA N/A OFF N/A WA OFF WA WA OFF N/A N/A OFF N/A NIA 
DC-P-IA 4460 414 OFF N/A N/A OrFF N/A NA 399 -3.6% FAIL 421 1.7% PASS 415 0.2% PASS 403 -2.7% FAIL 415 02% PASS 
AH-P-aAAB 4481 WA 431 N/A N/A 416 NIA NfA 406 N/A N7/A 428$ " N/A N/A 422 N/A WA 410 N/A - NfA 421 NIA N/A 
AH-C-4A 4465 WA 429 NIA N/A 415 N/A NA 404 WA N/A 426 NA N/A 420 N/A NIA 409 N/A N/A 420 NIA N/A 
NS-P-1A 4470 414 425 2.7% PASS 410 -1.0% FAIL 400 -3.4% FAIL 422 1.9% PASS 416 0.5% PASS 404 -2.4% FAIL 415 0.2% PASS 
INVERTER A 4471 400 430 7.5% PASS 415 4.0% PASS 405 1.3% PASW 427 C,. 4 PASS 421 5.3% PASS 409 2.3% PASS 421 5.1% PASS 

INVERTER C 4472 400 431 7.% PASS 417 4.3% PASS 406 1.5% PASS 428 7.0% PASS 422 5.5% PASS 410 2.6% PASS 422 S.5% PASS 
SAT CKGR A 4473 400 431 7.8% PASS 417 4.3% PASS 407 1.8% PASS 429 7.0% PASS 423 5.8% PASS 411 28%4 PASS 422 5.5% PASS 
EAT CHGRC 4474 400 431 7.8% PASS 417 4.3% PASS 406 1.5% PASS 428 7.0% PASS 422 &.5% PASS 410 25% PASS 422 5.5% PASS 
H2ALCHA 4475 414 OFF N/A N/A OFF N/A NIA OFF NWA N/A OFF N/A NWA OFF WA WA OFF N/A NIA 420 1.4% PASS 
HZRECOMBR 4476 414 OFF NZA N/A OFF NIA NIA CFF N/A N/A OFF NIA WA OFF NZA WA OFF N/A N/A 417 0.7%/ PASS 
BATcHGIO E 447T 400 431 7.1% PASS 417 4.3% PASS 406 1.5% PASS 426 7.VA PASS 422 5,5% PASS 410 ±5% PASS 422 5.5% PASS 
INVERTER E 4478 400 430 7.5% PASS 415 4.0% PASS 406 1.3% PASS 427 6.8% PASS 421 5.3% PASS 409 2.3% PASS 421 0.3% PASS 
1C-E"V5.c 4480 NIA 400 N/A WA 418 N/A N/A 406 N/A NIA 427 N/A WA 421 N/A NIA 409 N/A N/A 421 N/A N/A 
NR-S-1B 4487 414 OFF WZA N/A OFF N/A N/A 401 -3.1% FAIL 423 2.2%. PASS 417 0,7% PASS 405 -2.2% FAIL 417 0.7% PASS 
MU-P-4B 4488 414 429 3A.% PASS 415 0.2% PASO 405 -2.2% FAIL 426 2,0% PASS 421 1.7% PASS 406 -1.4% FAIL 421 1,7% PASS 
AI-E-IC 4490 414 428 3,4% PASS 413 -0.2% FAIL 404 -2-4% FAIL 425 2.•% PASS 420 1.4% PASS 407 -1.7% FAIL 420 1,4% PASS 
1CESV LOAD 4491 N/A 430 N/A N/A 416 N/A N/A 406 NIA NIA 427 N/A NWA 421 WrA NIA 409 NA N/A 421 N/A N/A 
IRPRI 4600 N/A 3916 N/A WA 3798 NA N/A 3714 NIA NIA 391 NIA WA 3944 N/A NIA 3744 N/A N/A 3853 N/A NIA 
1R6BUS 4000 WA 443 WA WA 429 WA WIA 415 N/A N/A 438 N/A NWA 441 WA. N/A 410 N/A N/A 432 N/A NtA 
IA-SHES CC 4620 WA 443 WA WA 429 W/A WA 415 NA N/A 438 N/A WIA 430 N/A NIA 419 N/A N/A 432 N/A NfA 
NR-S-tA 4621 414 442 8.0% PASS 428 3.4% PASS 414 0.1%P1 PASS 435 5.11A PASS 430 3..9% PASS 41* 1.0% PASS 431 4.1% PASS 
DR-S-1A 4622 414 OFF tWA N/A OFF N/A N/A 414 0.0% PASS 435 5.t% PASS 429 3.6% PASS 418 1.0% PASS 431 4.1% PASS 
RR-S-lA 4623 414 OFF WA W/A OFF N/A NI/A 414 0.0% PASS 455 8.1% PASS 430 3.9% PASS 419 1.0% PASS 431 4.1% PASS 
AH-E-27A 4524 414 495 5.1% PASS 421 1.7% PASS 406 -1.8% FAIL 428 3.4% PASS 422 1.9% PASS 410 -1,0% FAIL 423 2.2% PASS 
JASHESLD 4828 N/A 443 WA WA 429 NIA N/A 415 N/A N/A 438 N/A N/A 430 N/A N/A 413 N/A N/A 432 N/A NIA 
NR-P-lA 4630 414 442 8.8% PASS 428 3.4% PASS OFF N/A N/A OFF NIA WA OFF N/A NIA OFF N/A WA OFF N/A NfA 
DR-P-lA 4640 414 OFF N/A W/A OFF N!A NfA 414 0.0% PASS 435 5.1% PASS 429 3.6% PASS 417 0.7% PASS 430 3.9% PASS 
.R-P-lA 4650 N/A 441 N/A N/A 427 N/A NA 413 N/A W/A 43(4 N/A N/A 429 N/A N/A 416 W/A N/A 430 N/A N/A 

SW-P-lA 4660 414 441 6.6% PASS 427 3.1% PASS 413 -0.2% FAIL 434 4.8% PASS 428 3.4% PASS 416 0.5% PASS 429 3.6% PASS 
MU-P-1B 5040 3600 3921 8.9% PASS 3803 5.6% PASS 3723 3.4% PASS 3900 B.3% PASS 3853 7.0% PASS 3753 4.3% PASS 3882 7.3% PASS 
NS-P-1S 5270 414 OFF N/A NAI OFF N/A WA 398 -3.9% FAIL 420 1.4% PASS 415 0.2%.4 PASS . 402 -2.9% FAIL OFF N/A N/A 
NR-P-16 5470 414 OFF NZA N/AI OFF N/A N/A 412 -0.5% FAIL 433 4.6% PASS 427 3.1% -PASS 415 0.2% PASS 428 3.4% PASS 
PENTRATN-C 8010 NWA 425 N/A N/A 415 NA N/A 40 W N/A N/A 427 WA N/A 421 NIA NIA 409 N/A N/A 421 N/A N/A 
PENTRAYN-A 0020 N/A 430 N/A N/A 415 N/A N/A 405 NWA WA 427 N/A NIA 421 N/A N/A 409 N/A N/A 421 N/A NIA 
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CASE28 CASE 3B CASES4 CASE 585R CAGE6B5R CASEl76SR Case 8B 

ACCEPT SICGE Tnmt w No P, M"S am. d 0. .r4. Twnr*CLOCA we Yrm f,•nwUnqn, On. Renlwnrr o 0St- ,, MOM-T .... .u.o PoM" OG 
DAPPER A8()USDPE4 %A:(,]P.PP A-F1I= DPPR1= !lPf' D ECRITERIA DAPPER DAPPER P PdAP 

IEhw(- Vase(- vW" V.9.g V=4so W/it".0 Voo I ~ /.ov.IVxoI;'*I V.ekg.  

IC-ESVCC 4480 NiA 420 N/A N/A 416 NIA NIA 405 NWA N/A 415 N/A NWA 417 NIA NIA 40a N/A N/A 421 W/A NhA 
NR-S-I B 4487 414 OFF N/A N/A OFF N/A NIA 480 -3.4% FAIL 411 .42.7% FAIL 412 -0.5% FAIL 404 -2.4% FAIL 417 0.7% PASS 
MU-P-4S 4488 414 419 1.2% PASS 418 0.5% PASS 4C4 -2.4% FAIL 414 0.0% PASS 416 0.8% PASS 407 -1.7% FAIL 421 1.7% PASS 
AH-E-IC 4490 414 417 0.71 PASS 414 0.(,/ PASS 403 -2.7% FAIL 413 .0.2% FAIL 415 0.2% PASS 406 -1.9% FAIL 420 1.4% PASS 
ICES•LOAD 4491 N/A 420 N/A NIA 416 MNA N/MA 405 NWA N/A 416 N/A N/A 417 N/A N/A 408 KNA N/A 421 N/A N/I 
1E-ESSWGR 5000 N/A 3834 N/A N/A 3506 NIA N/A 3727 WA N/A 3010 NIA N/A 3$24 N/A N/A 3756 N/A N/A 300 N/A N/A 
EF-P-28 5010 3600 OFF NIA K/A OFF N/A N/A 3723 3.4% PASS 3507 4.8% PASS 3920 6.1% PASS 3752 4.2% PASS 3086 7.1% PASS 
0H-P-IS 5020 3600 OFF N/A N/A OFF N/A N/A 3724 3.4% PASS 3900 8.9% PASS 3821 6.1% PASS 3753 4.3% PASS 3957 7.1% PASS 
MU-P-iC $030 3600 OFF N/A NtA OFF N/A N/A 3723 3.4% PASS 3907 S,.% PASS 3020 0.1% PASS 3752 4.2% PASS 3958 7.1% PASS 
MU-P-IS 5040 3600 3830 8.4% PASS 3802 5.5% PASS 3723 3,4% PASS 3806 5.7% PASS 3818 0.1% PASS 3751 4.2% PASS 38m6 7.1% PASS 
BS-P-1B 6050 3600 OFF N/A NIA OFF N/A ' N/A 3725 3.5% PASS 3809 5.8% PASS 3622- S.2% PASS 3764 4.3% PASS 3858 7.2% PASS 
RR-P-l ,5s0 3600 OFF NIA NIA OFF NIA N/A 3720 3.3% PASS 3803 5.6% PASS 3017 0.0% PASS 3748 4.1% PASS 3853 7.0% PASS 
ISPRI 5100 NIA 3833 N/A N/A 3805 N/A N/A 3725 N/A N/A 3809 N/A N/A 3922 N.A N/A 3754 N/A N/A 3958 WA N/M 
Is BUS 5200 NI/A 422 N/A N/A 419 N/A N/A 406 N/A N/A 417 N/A NfA 418 N/A N/A 410 N/A WA 423 N/A N/A 
1B-ESCC 5220 N/A 421 N/A HIA 410 N/A N/A 406 WA N/A 410 N/A WA 416 WA N/A 409 WA WA 422 N/A N/A 
A-IE-168 5221 414 419 1.0% PASS 414 0.0% PASS 402 -2.9% FAIL 413 -0.2% FAIL 414 0.0% PASS 406 -1.9% FAIL 419 1.2% PASS 
MU-P-3C 5222 414 421 1.7% PASS 417 0.7% PASS 405 -22% FAIL 416 0.5% PASS 417 0.7% PASS 409 -1.2% FAIL 422 14% PASS 
AH-E-18 5223 414 417 0.7% PASS 413 -0.2% FAIL 403 -2.7% FAIL 413 .0.2% FAIL 415 0.2% PAS$ 406 -1t9% FAIL 419 1.2% PASS 
AIH-E-S5 5224 414 420 14% PASS 417 0.7% PASS 405 -21% FAIL 4118 0.2% PASS 417 -0.7% PASS 409 -1.2% FAIL 421 1.7% PASS 
OF-P-1G 5226 - 414 419 1.2% PASS 41t 0.6% PASS 404 -2.4% FAIL 414 0.0% PASS 416 0.5% PASS 408 -14% FAIL 420 1.4% PASS 
AP,-E-19 5226 414 411 -0.7% FAIL 407 -1.7% FAIL 395 -4.6% FAIL 406 -119% FAIL 407 -1.7% FAIL 3"9 -3.6% FPAIL 412 -0.5% FAIL 
AH-P-3B 5227 NIA '"14 WA NIA 411 N/A NIA 398 N/A N/A 409 N/A N/A 411 N/A N/A 402 N/A WA 415 NA WA 
AH-E-18B 5224 414 OFF N/A NIA OFF W4A NIA 390 -3.9% FAIL OFF N/A N/A OFF N/A N/A OFF NiA WIA 414 0.0% PASS 
18-DGS0D 5229 414 402 -2.9% FAIL 398 -3-9A FAIL 405 -22% FAIL 416 0.5% PASS 417 0.7% PASS 409 -I.2A FAIL 40a -2.7% FAIL 
E8-P-IB 5230 N/A 400 N/A WA 406 N/A N/A 394 NIA N/A 404 N/A N/A 406 N/A N/A 398 NIA NWA 411 N/A N/A 
AH-E-SB 5231 414 419 1.2% PASS 416 0.5% PASS OFF N/A N/A OFF N/A NWA OFF N/A N/A OFF N/A WA OFF WA N/A 
AH-8-29f 6232 414 460 -1.9% FAIL 402 -2.9% FAIL 390 -5.8% FAIL 401 -3.1% FAIL 402 -2.10 FAIL 394 -4.8% FAIL 407 -1.7% FAIL 
AH-E-248 5233 414 407 -1.7% FAIL 404 -2.4% FAIL 392 -5.3% FAIL OFF N/A N/A OFF N/A N/A OFF N/A WA 409 -12% FAIL 
A.-I-P-SA 6234 NIA 420 N/A N/A 417 WA N/A 405 NIA N/A 418 N/A NIA 417 N/A N/A 409 N/A WA 421 NIA WA 
AN-P-Ss 5235 NIA OF. N/A WA OFF WA N/A OFF N/A N/A OFF WA N/A OFF N/A N/A OFF N/A WA OFF N/A W/A 
IBESILOAD 5236 WA 421 N/A WA 418 MIA N/A 406 N/A N/A 416 N/A NIA 418 N/A N/A 409 N/A N/A 422 N/A WA 
SF-P-18 5237 N/A 411 NfA WA 408 WA N/A OFF N/A N/A OFF N/A N/A OFF N/A WA OFF N/A WA OFF N/A WA 
AH-P-MS/S 5238 WA 420 N/A WA 417 *IA N/A 405 N/A N/A 415 N/A NIA 417 N/A N/A 408 N/A N/A 421 N/A WA 
NS-P-IC 5240 414 412 .0.6% FAIL 409 -1.2% FAIL 397 -4.1% FAIL 408 -1.4% FAIL 410 -1,0% FAIL 401 -3.1% FAIL 413 -0.24% FAIL 
INVERTER S 5241 400 420 5.00% PASS 417 4.3% PASS 405 1.3% PASS 415 3,8% PASS 417 4.3% PASS 40a 2.0% PASS 421 5.3% PASS 
INVERTER D 5242 400 420 5.0% PASS 417 4.3% PASS 405 1.3% PASS 418 4.0% PASS 417 4.3% PASS 409 23% PASS 421 5.3% PASS 
BAT CHNR 0 5243 400 421 5.3% PASS 417 4.3% PASS 405 1.3% PASS 416 4.0% PASS 417 4.3% PASS 409 2.3% PASS 422 5.8% PASS 
SAT CHGR D 5244 400 421 5.3% PASS 417 4.3% PASS 405 1.3% PASS 418 4.0% PASS 417 4.2% PASS 409 2.3% PASS 422 5.5% PASS 
SAT CHN/R F 5245' 400 421 5.3. PASS 418 4.5% PASS 406 1.8%A PASS 418 4c0% PASS 418 4.5% PASS 409 2.3% PASS 422 5.5% PASS 
MCAL CHON 6246 414 OFF NIA NIA OFF N/A N/A OFF N/A N/A OFF WA N/M OFF NIA WA OFF N/A 14A 420 1.4% PASS 
H2 RECOMBR 5247 414 OFF N/A N/A OFF NIA N/A OFF N/A N/A OFF WA N/A OFF N/A N/A OFF NIA N/A 415 0.2% PASS 
AH---4B 5250 N/A 419 N/A NIA 415 N/A NIA 402 N/A N/A 411 WA N/M 416 NJA N/A 407 N/A NIA 410 N/A N/A 
DC-P-18 5260 414 OFF N/A N/A OFF NIA N/A 397 -4.1% FAIL 409 -1.4% FAIL 409 -12% FAIL 401 -3.1% FAIL 414 0,0% PASS 
NS-P-1B 5270 414 OFF N/A N/A OFF NIA N/A 398 -3.9% FAIL 409 -1.2% FAIL 410 -1.0% FAIL 402 -2,9% FAIL OFF WA WA 
18-ESVCC 5280 N/A 419 N/A N/A 415 NIA NIA 403 IN/A N/A 410 N/A NIA 412 N/A N/A 404 N/A NIA 421 N/A WA 
1BEV LOAW 5281 N/A 419 WA N/A 416 NIA N/A 403 N/A N/A 410 N/A N/A 412 N/A N/A 404 NJA NIA 421 NA WA 
MPU-P-2C 5282 414 416 1.0% PASS 415 0.2% PASS 403 -2.7% FAIL 410 -1,0% FAIL 411 -Q7% FAIL 403 -2.7% FAIL 421 1.7% PASS 
MU.P-3S 5283 414 418 1.0% PASS 415 0.2% PASS 403 -2.7A FAIL 410 -1.0% FAIL 412 -0.6% FAIL 403 -2,7% FAIL 421 1.7% PASS 
MU-P-4c 5284 414 418 1.0% PASS 415 0.2% PASS 403 -2.7% FAIL 410 .2.0% FAIL 412 -0.5% FAIL 403 -2.7% FAIL 421 1.7% PASS 
I"SF CC 6290 WA 419 WA NIA 416 N/A N/A 403 N/A N/A 410 N/A WA 412 N/A NIA 403 NA N/A 421 WA N/A 
IBESFLOAD 5292 WA 418 N/A N/A 415 N/A N/A 403 WA N/A 410 NIA NfA 412 N/A N/A 403 NA N/A 421 N/A WA 
ITFRI 5=30 N/A 3924 N/A N/A 3798 N/A N/A 3715 NIA N/A 3705 N/A NWA 3631 NIA N/A 3744 N/A N/A 3849 N/A N/A 
IT BUS 5400 WA 429 N/A WA 429 N/A N/A 415 N/A N/A 425 N/A WA 427 NIA N/A 418 WA NIA 431 N/A N/A 
1-SHESCC 5420 N/A 420 N/A N/A 429 WA N/A 415 WA N/A 425 N/A WA 427 N/A WA 418 N/A N/A 431 WA I/A 
DR-S-lB 5424 414 OFF N/A N/A OFF N/A N/A 414 0.0% PASS 424 2.4% PASS 426 2.4% PASA 415 1.0% PASS 430 3.1% PASS 
RR-S-lB 5425 414 OFF N/A WA OFF N/A N/A 414 0.0% PASS 424 2.4% PASS 426 2.8% PASS 418 1.0% PASS 430 3.% PASS 
AH-E-275 5426 414 421 1,7% PASS 421 1,7% PASS 407 -1.7% FAIL 417 0.7% PASS 419 1.2% PASS 410 -1.0% FAIL 423 2Z2% PAS 
AH-E-5- 5427 WA 429 N/A NIA 429 N/A NIA 415 WA - NI/A 425 NIA N/A 428 NIA N/A 418 N/A N/A 431 N/A N/A 

01SHES LID 5428 N/A 429 N/A N/A 429 N/A N/A 415 WA N/A 425 N/A WA 427 N/A N/A 419 NA N/A 4A1 N/A N/A 
NR-S-IC 5429 414 428 3.4% PASS 429 3.146% PASS 414 0,0% PASS 424 2.4% PASS 426 2.9% PASS 412 1.0% PASS 430 3.9% PASS 
NR-F-iC 5430 414 425 3.4% PASS 428 3.4% PASS OFF N/A N/A OFF N/A NA OFF N/A WA OFF NIA NIA OFF NIA N/A 
DR-P-lB 5440 414 OFF NIA N/A OFF N/A N/A 413 .0.2% FAIL 423 2.2% PASS 425 2.7% PASS 416 0.5% PASS 429 3.6% PASS 
SR-P-1B 5450 NIA 427 N/A N/A 427 NIA N/A 413 N/A N/A 423 N/A NIA 425 N/A WA .416 NWA N/A 429 N/A N/A 
SW-P-lB 5480 414 427 3.1% PASS 427 3.1% PASS 413 .0.2% FAIL 423 22% PASS 424 2.4% PASS 416 0,6% PASS 420 3.6% PASS 
NR-P-1i 5470 414 OFF N/A N/A OFF . N/A NWA 413 &0.2% FAIL 423 2.2% PASS 424 2.4% PASS 418 0.5% PASS 429 3.0% PASS 
SR-P-I4C 480 NIA 427 NIA N/A OFP WA N/A OFF N/A NIA OFF NIA N/A OFF NfA N/A OFF N/A N/A OFF NfA NIA 
PENTRATN-1B 6000 .WA 416 N/A N/A 415 WA N/A 404 4/A WA 414 N/A N/A 416 N/A NIA 407 N/A NWA 420 WA N/A 
PENTRA T, -NtA 41 N/A N/A 416 N/A- N/A 404 NIA N/A 414 N/A NIA 416 N/A N/A 408 N/A N/A 421 WNA N/A
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T DAPPER RESULTS ALTERNAThVE CURRENT CRITERIA 

BUS CRITERIA VOLTAGE 44 CRITERIA f(4ppenic t ArE!NPE aA WAfSX P)I FPASS I REMARKSCE 
TAG NO DAPPER ACCEPTANCE TVOLTADE VA "j WA PAXSS REFERENCES!

1D-ES SWGR 
EF-P-2A 
D04-P-lA 
MU-P-1A 
BS-P-1A 
RR-P-1A 
1iKPRI 
IN BUS 
IPPRI 
IF BUS 
1A-ESV CC 
IAESV LOAD 
MU-P-2A 
MU-P-22 
MU-P-4A 
"IA-ESF CC 
IAESF LOAD 
IA-ES CC 
E5-P-1A 
AH-.E-15A 
AH-E-29A 
AH-E-BA 
AH-E-IA 
DF-P-IA 
AH-•.-5A 
AH-E-19A 
AN-E-18A 
1A-DG SKO 
AN-E-24A 
MU-P-3A 
AH-P-SA 
AH-P4B 
1AES LOAD 
SF-P-1A 
DC-P-1A 
AI-P-8A/B 
AH-C-4A 
NS-P-1A 
INVERTER A 
INVERTER C 
BAT CHGR A 
BAT CHGR C 
H2AL CHA 
H2 RECOMBR 
BAT CHGR E 
INVERTER E 
1C-ESV CC 
NR-S-IB 
MU-P-4B 
AH-E-lC 
1CESV LOAO 
IRPRI 
1R BUS 
IA-SHES Cc 
NR-S-IA 
DR-S-1A 
RR-S-1A 
AH-E-27A 
1AS-ES LD 
NR-P-lA 
DR-P-IA 
SRP-IA 
SW-P-1A 
MU-P-1B 
NS-P-1I 
NR-P-1B 
PENTRATN-C 
PENTRATN-A 
EG-P-$A 
EG-P-8A

4010 

4020 
4030 
4040 
4050 
4100 
42M0 
41300 
4400 
4420 
4421 
4422 
4423 
4424 
4430 
4432 
4440 
4441 
4442 
4443 
4444 
4445 
4446 
4447 
4448 
4449 
4450 
4451 
4453 
4454 
4455 
4456 
4457 
4460 
4461 
4465 
4470 
4471 
4472 
4473 
4474 
4475 
4476 
4477 
4475 
4480 
4487 
4486 
4490 
4491 
4500 
4600 
4620 
4621 
4622 
4623 
4624 
4828 
4630 
4640 
4&50 
4660 
5040 
5270 
5470 
6010 
6020 
4450 
4450

WA 
36OO 
3600 
36O0 
3600 
3600 

N/A 
N/A 
N/A 
NIA 
N/A 
N/A 
414 
414 
414 
NIA 
NIA 
N/A 
N/A 
414 
414 
414 
414 
414 
414 
414 
414 
414 
414 
414 
N/A 
NIA 
NIA 
414 
414 
N/A 
N/A 
414 
400 
400 
400 
400 
414 
414 
400 
400 
N/A 
414 
414 
414 
N/A 
NIA 
NIA 
N/A 
414 
414 
414 
414 
N/A 
414 
414 
N/A 
414 

3600 
414 
414 
N/A 
N/A 
414 
414

3800 N/A 
OFF N/A 
OFF N/A 
OFF N/A 
OFF N/A 
OFF N/A 
3805 N/A 
429 N/A 

3805 N/A 
418 N/A 
416 N/A 
416 N/A 
416 0.5% 
416 0.5% 
416 0.5% 
416 N/A 
416 N/A 
417 N/A 
410 WA 
414 0.0% 
402 -2.9% 
416 0.5% 
413 -0.2% 
416 0.5% 
417 0.7% 
411 -0.7% 

OFF N/A 
405 -2.2% 
404 -2.4% 
417 0.7% 
416 NIA 

OFF N/A 
417 N/A 
409 -1.2% 

OFF N/A 
416 N/A 
415 N/A 
410 -1.0% 
416 4,0% 
417 4.3% 
417 4.3% 
417 4.3% 

OFF NIA 
OFF N/A 
417 4.3% 
416 4.0% 
416 N/A 

OFF WA 
415 0.2% 
413 -0.2% 
416 N/A 

3798 N/A 
429 N/A 
429 N/A 
428 3.4% 

OFF N/A 
OFF N/A 
421 1.7% 
429 N/A 
428 S4% 

OFF N/A 
427 N/A 
427 M1% 

38013 5.6% 
OFF N/A 
OFF N/A 
415 N/A 
415 N/A 
405 -22% 
405 -22%

NWA 
N/A 
WA 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
W/A 

PASS 
PASS 
PASS 

N/A 
N/A 
NIA 
N/A 

PASS 
FAIL 

PASS 
FAIL 

PASS 
PASS 
FAIL 

N/A 
FAIL 
FAIL 

PASS 
N/A 
N/A 
N/A 

FAIL 
N/A 
N/A 
N/A 

FAIL 
PASS 
PASS 
PASS 
PASS 

N/A 
N/A 

PASS 
PASS 

NIA 
N/A 

PASS 
FAIL 

N/A 
N/A 
N/A 
N/A 

PASS 
NIA 
NIA 

PASS 
N/A 

PASS 
N/A 
N/A 

PASS 
PASS 

N/A 
N/A 
N/A 
N/A 

FAIL 
FAIL

1.151 23-001 PASS

1.151 ,.35l PASS

1.151 161.001 PASS

NON-SAFETY 

Ref 3.6.5 

Ref 3.64 

Ref 3 6.5 

SKID,See Below 
Ref 3.6.5 

NON-SAFETY 
NON-SAFETY 

Ref 3.6.4 

NON-SAFETY 
NON-SAFETY 
Ref 3.3.5, 3.6.3

BATT CHGR 
BATT CHGR 

BATT CHGR

73.31 90 102A47 113.001 1.00] 113.001 PASSIReft3&4

8 2.05[ 2.601 1.151 2.99! PASS[Ref 3.5.9,3.5.10 88 o,8&L 0_90 1.0 i Ol n PASSIPRPf.i KQ•R1 I I

8-10 RESULTS REV2-l.1>s

87 37.21 32.50 

90 10247 113.00

25.9 

73.3 

11.6 

12.3 

36.6 

111.6

891 16.281 21.50

881 17.541 20.00

891 51.671 49.00

891 157.151 140.00

1.4

1.151 37.38 PASS 

1.00 113.00 PASS

1,001 21.501 PASS

0 0.90 100 U.901 PASSIRef 3 5 ck 3 5 1006
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TABLE 3B 

CASE 3B VOLTAGE SUMMARY

CALCULATION C-1101-700--E510-010, Rev. 2 
APPENDIX 8.10 

4ofr

DAPPER RESULTS ALTERNATIVE CURRENT CR/ERLA 
TAG NO DAPPER ACCEPTANCE VOLTAGE I'KVA 

Bus CRITERIA VOLTAGERI_ %OF AS FA REFERENCES1 PRITSFILA (A.1)d RATED (M. LA 8 $F X FLA) FAL REMARKS 
MFI 

8.1
.AAer,"1C-ESV CC 

NR-S-1B 
MU-P-4B 
AH-E-1C 
ICESV LOAD 
1E-ES SWGR 
EF-P-2B 
DH-P-IS 
MU-P-IC 
MLU-P-1B 
BS-P-1 B 
RR-P-IB 
ISPRI 
1 BUS 
I B-ES 00 
AH-E-15B 
MU-P-3C 
AIH-E-1 B 
AkH-E-95B 
OF-P-iC 
AH-E-195 
AH-P-3B 
A•-E-18 
1"-0G SKID 
EG-P-1B 
AH-E-8B 
A.H-E-29B 
AH-E-24B 
ýAH-P-9A 
AH-P-SB 
18ES LOAD 
SF-P-1B 
AH-P-A/AB 
NS-P-IC 
INVERTERB 
INVERTER D 
BAT CHGR B 
BAT CHGR D 
BAT CHGR F 
H2 AL CH B 
H2 RECOMBR 
AH-C-49 
DC-P-1I 
NS-P-1B 
1B-ESV CC 
IBESV LOAD 
MU-P-2C 
MU-P-3B 
MU-P-4C 
1B-ESF CC 
1BESF LOAD 
1TPRI 
1T BUS 
IB-SHES GC 
DR-S-IB 
RR-S-1B 
AH-E-278 
AH-E-58 
lI3SHES LD 
NR-S-IC 
NR-P-1C 
DR-P-lB 
SR-P-1B 
SW-P-1B 
NR-P-1B 
SR-P-IC 
PENTRATN-8 
PENTRATN-C 
EG-P-3B 
EG-P--R

7 4 4 4

4487 
4488 
4490 
4491 
5000 
5010 
5020 
5130 
5040 
5D50 
5060 
5100 
6200 
5220 
5221 
5222 
5223 
5224 
5225 
5226 
5227 
5228 
5229 
5230 
5231 
5232
5233 
5234 
5235 
5236 
5237 
5238 
5240 
5241 
5242 
5243 
5244 
5245 
5246 
5247 
5250 
5260 
5270 
5280 
5281 
5282 
5283 
5284 
5290 
5292 
5300 
5400 
5420 
5424 
5426 
5426 
5427 
5428 
5429 
5430 
5440 
5450 
5460 
5470 
5480 
6OOO 
6010 
5229 
5229

N/A 416 N/A 
414 OFF N/A 
414 416 0.5% 
414 414 0.0% 
N/A 416 N/A 
N/A 3606 N/A 

3600 OFF N/A 
3600 OFF N/A 
3600 OFF N/A 
3600 3802 5.6% 
3600 OFF N/A 
3600 OFF NIA 

N/A 3805 N/A 
N/A 419 N/A 
N/A 418 N/A 
414 414 0.0% 
414 "417 0.7% 
414 413 -0.2% 
414 417 0.7% 
414 416 0.5% 
414 407 -1.7% 
N/A 411 N/A 
414 OFF N/A 
414 398 -3.9% 
N/A 406 N/A 
414 416 0.5% 
414 402 -2.9% 
414 404 -2.4% 
N/A 417 N/A 
N/A OFF N/A 
N/A 418 N/A 
N/A 408 N/A 
N/A 417 N/A 
414 409 -1.2% 
400 417 4.3% 
400 417 4.3% 
400 417 4.3% 
400 417 4.3% 
400 418 4.6% 
414 OFF N/A 
414 OFF N/A 
N/A 415 N/A 
414 OFF N/A 
414 OFF N/A 
N/IA 415 N/A 
N/A 415 NIA 
414 415 0.2% 
414 415 0.2% 
414 415 0.2% 
N/A 415 • N/A 
NZA 415 N/A 
N/A 3798 WA 
N/A 429 WA 
N/A 429 NIA 
414 OFF N/A 
414 OrF WA 
414 421 1.7% 
WA 429 WA 
N/A 429 WA 
414 429 3.6% 
414 428 3A% 
414 OFF N/A 
WA 427 N/A 
414 427 3.1%.  
414 OFF N/A 
M'IA OFF N/A 

/IA 415 N/A 
NIA 416 NIA 
414 398 -3.9% 
414 398 -3.9%

"N/A 
N/A 

PASS 
PASS 

N/A 
N/A 
N/A 
WA 
N/A 

PASS 
N/A 
N/A 
N/A 
N/A 
N/A 

PASS 
PASS 

FAIL 
PASS 
PASS 

FAIL 
WA 
WA 

FAIL 
N/A 

PASS 
FAIL 
FAIL 
N/A 
N(A 
N/A 
N/A 
WA 

FAIL 
PASS 
PASS 
PASS 
PASS 
PASS 

N/A 
N!A 
N/A 
N/A= WA 
WA 
NfA 

PASS 
PASS 
PASS 

.N/A 
NIA 

NIA 
N/A 

N/A 
N/A 
NIA 

PASS 
NIA 
N/A 

PASS 
PASS 

N/A 
NIA 

PASS 
N/A 
N/A 
N/A 
WA 

FAIL 
FAIL

19.39 
19.15

26.00 
20.00

157.641 140.00

73.U 

t11.1 

13.E 
13.4 

111 .6 

1.3 
0.6

1.001 113.001 PASSIRef 3.5.4

1.001 21.60o PASS

1.151 29.901 PASS 
1.15 23.00 PASS

1.151 161.001 PASS

88 

87 
88 

89 

87 
87 I 0•01

PASS 
PAS

Ref 3.6.5 
NON-SAFETY 

SKID,See Below 
NON-SAFETY 

Ref 3.6.6 
Ref 3.6.5 
NON-SAFETY 
NON-SAFETY 

NON-SAFETY 
Ref 3.6.3.3.3.5 

BATT CHGR 
BAT- CHGR 
BATT CHGR 

NON-SAFETY 

Ref 3.S.9, 3.5.11 
Ref 3.S_.9 $3.5_11
ReI S.361

8-10 RESULTS REV2-1.xls

1.851 2.601 1.1' 
0.811 0.901 1.00

901 102471 113.00

2.99

15.751 21.50

PASS PASSiII
0.81 0.9D I414 398 -3.9%
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TABLE 4A 

CASE 4A VOLTAGE SUMMARY

CALCULATION C-1 101-700-ESID-010, Rev, 2 
APPENDIX 8.10 

S of8

ID-ES SWGR 4000 
EF-P-2A 4010 
DH-P-lA 4020 
MU-P-lA 4030 
BS-P-1A 4040 
RR-P-1A 4050 
INPRI 4100 
IN BUS 4200 
IPPRI 4300 
IP BUS 4400 
1A-ESVCC 4420 
1AESV LOAD 4421 
MU-P-2A 4422 
MU-P-2B 4423 
MU-P-4A 4424 
1A-ESF CC 4430 
1AESF LOAD 4432 
1A-ES CC 4440 
EG-P-1A 4441 
AH-E-15A 4442 
AH-E-29A 4443 
AH-E-SA 4444 
AHI-E-1A 4445 
DF-P-1A 4446 
AI-E-S5A 4447 
AH-E-ISA 4448 
AH.E-18A 4449 
IA-DG SKQD 4450 
AH-E-24A 4451 
MU-P-3A 4453 
AH-P-SA 4454 
AH-P-8B 4455 
IAES LOAD 4456 
SF-P-1A 4457 
DC-P-lA 4460 
AH-P-SAB 4461 
AH-C-4A 4465 
NS-P-1A 4470 
INVERTER A 4471 
INVERTER C 4472 
BAT CHGR A 4473 
BAT CIGR C 4474 
H2ALCHA 4475 
H2 RECOMBR 4476 
BAT CHGR E 4477 
INVERTER E 4478 
10-ESV CO 4480 
NR-S-1B 4487 
MU-P-4B 4488 
AH-E-lC 4490 
ICESV LOAD 4491 
IRPRI 4500 
IRBUS 4600 
iA-SHES CC 4620 
NR-S-IA 4821 
DR-S-1A 4622 
RR-S-1A 4623 
AH-E-27A 4524 
1 ASHES LD 4628 
NR-P-1A 4630 
DR-P-IA 4640 
SR-P-IA 4650 
SW-P-lA 4660 
MU-P-lB 5040 
NS.P-18 5270 
NR-P-1 R 5470 
PENTRATN-C 6010 
PENTRATN-A 6020 
EG-P-3A 4450 
EG-P-SA 4450

NIA 
3600 
360D 
3600 
3600 
3600 

N/A 
N/A 
N/A 
W/A 
NWA 
N/A 
414 
414 
414 
N/A 
NIA 
N/A 
WA 
414 
414 
414 
414 
414 
414 
414 
414 
N/A 
414 
414 
N/A 
N/A 
N/A 
414 
414 
N/A 
N/A 
414 
400 
400 
400 
400 
414 
414 
400 
400 
NIA 
414 
414 
414 
NIA 
NIA 
N/A 
NWA 
414 
414 
414 
414 
N/A 
414 
414 
NWA 
414 

3600 
414 
414 
N/A 
N/A 
N/A 
N/A

3/27 N/A N/A 
$723 3A4%l PASS 
3724 3A% PASS 
3723 3A% PASS 
3725 3.5% PASS 
3720 3.3% PASS 
372i WA N/A 

419 N/A N/A 
3726 WA N/A 

408 WA N/A 
405 NIA N/A 
405 WA N/A 
405 -2.2% FAIL 
405 -2.2% FAIL 
405 -2.2% FAIL 
406 NIA N/A 
405 NIA N/A 
407 N/A N/A 
399 WA N/A 
403 -2.7% FAIL 
391 .-. 6% FAIL 

OFF WA N/A 
404 -2.4% FAIL 
408 -1.9% FAIL 
406 -1.9% FAIL 
400 -3.4% FAIL 
403 -2.7% FAIL 
407 N/A NIA 
393 -5.1% FAIL 
406 -1.9% FAIL 
406 WA N/A 

OFF WA N/A 
407 WA N/A 

OFF N/A N/A 
399 -3.6% FAIll 
406 N/A NIA 
404 NfA N/A 
400 -3.4% FAIL 
405 1.3% PASS 
406 1.5% PASS 
407 1.8% PASS 
406 1.5% PASS 

OFF NfA N/A 
OFF NWA WA 
406 1.6% PASS 
405 1.3% PASS 
406 N/A WA 
401 -3.1% FAIL 
405 -2.2% FAIL 
404 -2.4% FAIL 
406 N/A WA 

3714 N/A N/A 
416 N/A N/A 
415 N/A N/A 
414 0.0% PASS 
414 0.0% PASS 
414 0.0% PASS 
400 -1.9% FAIL 
416 H/A N/A 

OFF HIA W/A 
414 0.0% PASS 
413 N/A N/A 
413 -0.2% FAIL 

3723 3.4% PASS 
398 -3.9% FAIL 
412 -0.8% FAIL 
405 N/A W/A 
405 N/A N/A 

OFF N/A N/A 
OFF N/A WA

0.8 
0.8 
1.2 

3.3 
25.9 

73:3 
0.7 
2A 

11.6 
47b 

12.3 
0.8

8a 
88 

88 

as 

88 88 
88 

87 
88 

85 
88

1.14 0.9A 
1.14 0.95 
1.71 1.55

4.73 
38.26 

104.75 
1.00 
3.39 

16.73 
68.05 

18.03 
1.08

4.50 
32.S6 

113.00 
0.9e 
2.60 

21.50 
59.00 

20.00 
0.93

80.91 87[ 117.061 120.00

98.51 871 142.171 140.00

1.7 
1.2 

73.3

15.s9

111.6 

98.45 
133.9

1.42 1.35 PASS Refs 3.6.6, 3.5.12 
1.42 1.35 PASS Refs 3.6.6, 3.5.12 
1.00 1.55 FAIL Ref 3.7.6

1.15 
1.15 

1.00 
1.00 
1.00 
1.00 
1.15 

1.15 
1.42

5.18 
37.38 

113.00 
0.95 
2.60 

21.50 
67.85 

23.00 
1.31

PASS 
. FAIL 

PASS 
FAIL 
FAIL 

PASS 
FAIL 

PASS 
PASS

1.151 138.001 PASS

1.15! 161.001 PASS

NON-SAFETY 
Ref 3.6.5 
Ref3.6.5 

Ref 3.64 
Ref 3.4 
Ref 3.6.6 
Ref 3.6.5 
Ref3.5.19 

Ref 3.6.5 
Refs 3.6.6, 3.5.12 
NON-SAFETY 
NON-SAFETY 

Ref 3.63 
NON-SAFETY 
NON-SAFETY 
Ref 3.3.5, 3.6.3

BATT CHGR 
BATT CHGR 
MANUAL 
MANUAL 
BATT CHGR

87 2.45 2.30 1.00 2.30 FAIL[Ref 3.5.12 
88 1.71 1.55 1 .O0 1.55 FAIL Ref 3.7.6 
88 104.75 113.00 1.00 113.00 PASS Ref3.6.4

90 

87 
90

22.611 20.001 1.151 23.001 PASSIRef3.5.7

156.01 

142.81 
187.64

140.00 

140.00 
16B.00

1.151 161,00 PASS

1.15 
1.15

161.00 
19120

PASS 
PASS

NON-SAFETY 
Ref 3.6,3 

Ref 3.6.3 
Ref 3.6.3

- ___ *-I.L....................... I____ I. I_______I

8-10 RESULTS REV2-1,xis

T D U__%DAPPER RESULTS ALTERNATIVE CURRENT CRITERIA TAG NO DAPPER eUS A•CCEPTANCE VOLTAGE 1K/VA • OF [ um-AX PASS? REFERENCES? 
CRITERI VOLTAGE % PASSEFIL I n RATED M FL I RMF CRITERIA -App/dx-. I MPS F SF REFARK3

LI ..........
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TABLE 4B 

CASE 48 VOLTAGE SUMMARY

CALCULATION C-1101-700-E51-010, Rev. 2 
APPENDDX ala 

6 of 8

DAPPER RESULTS ALTERNATIVE CURRENT CRITERIA 
BUS CRITERIA VOLTAGE t CRITERIA (Appent AMPS FIA SF PASS/ REFERENCS vo 6. RATED .1 

1
I(IIF X FLA) FAIL REMARKS

TAG NO 

1C-ESV CC 
NR-S-IB 
MU-P-4B 
AI-•E-IC 
1CESV LOAD 
lE-ES SWGR 
EF-P-28 
DH-P-lB 
MU-p-iC 
MU-P-1B 
BS-P-1 B 
RR-P-IB 
'SPRI 
1S BUS 
16-ES CC 
AH-E-158 
MU.P-3C 
AH-E-l B 
AH-E-958 
DF-P-1C 
AI-.E-lSB 
AW-f-P-3B 
AI-I-E-18B 
IB-DG SKID 
EG-P-1 B 
AH-i-SB 
AI4-E-29B 
AI-K-E-24B 
Al-P-SA 
AWIP-SB 
1BES LOAD 
SF-P-i B 
A-3P-9A/2 
NS-P-IC 
INVERTER B 
INVERTER D 
BAT CHGR B 
BAT CHGR D 
BAT CHGR F 
H2 AL CH B 
H2 RECOMBR 
AH-C-4B • 
DC-P-12 
NS-P-1B 
IB-ESV 0C 
IBESV LOAD 
MU-P-2C 
MU-P-3B 
MU-P-4C 
1 5MSF CC 
IBESF LOAD 
1TPRI 
1TBUVS 
1B-SHES CC 
DR-S-IB 
RR-S-1B 
AH-E-27B 
AH-E-58 
1BSHES LD 
NR-S-1 C 
NR-P-IC 
DR-P-1 B 
SR-P-IS 
SW-P-I B 
NR-P-1B 
SR-P-IC 
PENT•ATN-B 
PENTRATN-C 
EG-P-3B 
EG-P-SB

1.7 
1.3 

73.3

4480 

4488 
4490 
4491 
5000 
5010 
5020 
5030 
5040 
5050 
508w 
5100 
6220 
5221 

5222 
5223 
5224 
5225 
5226 
5227 
5228 
5229 
5230 
6m1 
5232 
5233 
5234 
5235 
5236 
5237 
5238 
5240 
5241 
5242 
5243 
5244 
5245 
5246 
*247 
5250 
5260 
5270 
5280 
5281 
5282 
5283 
5284 
5290 
5292 
5300 
5400 
5420 
5424 
5425 
5428 
W47 

5428 
5429 
5430 
5440 
5450 
5460 
5470 
5490 
6000 
6010 
5229 
5229

87 2.45 2.301 100 230 
888 1.8 1.55 100 155 
88 105.01 113.0C 1.00 113.00

N/A 405 NWA NIA 
414 400 -3.4% FAIL 
414 404 -2.4% FAIL 
414 403 -2.7% FAIL 
N/A 405 N/A NfA 
N/A 3727 N/A N/A 

368O 3723 3.A% PASS 
3800 3724 3.4% PASS 
3800 3723 3.4% PASS 
3600 3723 3.4% PASS 
3500 3725 3.5% PASS 
3500 3720 3.3% PASS 

N/A 3725 N/A N/A 
N/A -406 N/A N/A 
N/A 406 NIA N/A 
414 402 -2.9% FAIL 
414 405 -2.2% FAIL 
414 403 -2.7% FAIL 
414 405 -2.2% FAIL 
414 404 -2.4% FAIL 
414 395 -4.6% FAIL 
N/A 398 N/A N/A 
414 398 -3.9% FAIL 
N/A 405 N/A N/A 
N/A 394 NIA N/A 
414 OFF NIA N/A 
414 390 -5.8% FAIL 
414 392 -5.3% FAIL 
NIA 405 N/A W/A 
N/A OFF N/A N/A 
N/A 406 N/A W/A 
NIA OFF NIA WA 
N/A 405 N'A NIA 
414 397 -4.1% FAIL 
400 405 1.3% PASS 
400 405 1.3% PASS 
400 406 1.3% PASS 
400 405 1.3% PASS 
400 406 1.5% PASS 
414 OFF WA N/A 
414 OFF WA N/A 
NWA 402 N/A N/A 
414 397 -4.1% FAIL 
414 3,98 --3.9% FAIL 
N/A 403 N/A NIA 
N/A 403 N/A NIA 
414 403 -2.7% FAIL 
414 403 -2.7% FAIL 
414 403 -2.7% FAIL 
N/A 403 N/A NIA 
N/A 403 N/A NIA 
N/A 3715 N/A N/A 
N/A 415 N/A N/A 
N/A 415 N/A N/A 
414 414 0.00/6 PASS 
414 414 0.0%V1 PASS 
414 407 -1.rk FAIL 
N/A 415 N/A N/A 
N/A 415 N/A N/A 
414 414 0.0% PASS 
414 OFF N/A N/A 
414 413 -0.2% FAIL 
N/A 413 NIA N/A 
414 413 -0.ro FAIL 
414 413 -0.2% - FAIL 
NIA OFF N/A N/A 
N/A 404 IN/A N/A 
WA 434 N/A N/A 
WA 405 NIA N/A 
N/A 405 NIA N/A

4.74 
1.08 

105.01 
3.28 
1.00 

16.22 

74.13

4.: 
0.95 

113.00 
2.56 
0.93 

21.50 

6250

85 19.99 26.00 
85 19.74 20.00

861 143.251 140.00

1.15 142 100 

1.00 
1.00 
1.00 

1.15

5.18 1.35 
113.00 

2.60 
0.93 

21.50 

71.88

FAIL ~Ref 35.12 
FAIL Ref 3.7.6 

PASS Ref 3.a.4

PASS 
PASS 
PASS 
FAIL 
FAIL 

PASS 

FAIL

1.15 29.90 PASS 
1.18 23.00 PASS

Ref as.5 
ReOs 3.6., 3.5.12 
Ref 3.6.4 
Ref 3.6.6 
Ref 3.4.4 
Rcf 3.6.5 

NON-SAFETY 
Ref 3.5.19 
SKID,See Below 
NON-SAFETY 

Ref 3.6.5 
Ref 3.6.5 
NON-SAFETY 
NON-SAFETY

1.451 161.001 PASS IRef3.6.3, 3.3.5

80.91 86 117.65 120.00 1.15 138.00 PASS 
98.5 87 142.89 140.00 1.15 161.00 PASS

BATT C-IGR 
BATT CHGR 
BATT CHGR 
MANUAL 
MANUAL 
NON-SAFETY 
Ref &.6.3 
Ref 3.6.3

0.8 88 1.15 0.95 1.42 1.35 PASSIRefs3.6.6 3.5.12 
0.8 88 1.08 0.95 1.42 1.:35 PASS Refs3.6.6, 3.5.12 
1.2 58 1.72 1.55 1.00 1.5, FAIL Ref 3-.7.6

15.9 

195.8 

111.6 
133.9

881 22.551 20.00

90 

9c 
90

273.72 

156,01 
187.18

230.00 

140.00 
168.00

1.15 23.001 PASS[Ref 3.6.7

1.15 

1.15 
1.15

264.5U 

161.0c 
"193_2C

FAIL 

PASS 
PASS

Ref 3.63 
NON-SAFETY 
Ref3,6.3 
Ref 3.6.3

8-10 RESULTS R2V2.1.•ds

3.3 
0.8 

73.3 
2.3 
0.7 

11.1 

51.1 

13.5 
13.4 

98.8

87 
88 
88 
88 
88 
86 

87

I I
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TABLE 8A 

CASE 8A VOLTAGE SUMMARY

CALCULATJON O-1101-700-E510-o10. Rev. 2 
APPENDIX 8.10 

7 of 8

ACCEPTANCE DAPPER RESULTS AL'ERNATIVECURRENT CRT[ERLA 
A I )FLTGER A NO 1OF B EPASS/ REFERENCESA TA APPERBU CRITERIA VOLTAGE I CRITERIA I TD AMPS FA SF (X F 1 REMARKS 

.PAS&P-AJL I I.jSFFAj 1L REAK
4000 NWA10-ES SWGR 

EF-P-2A 
DH-P-lA 
MU-P-IA 
BS-P-IA 
RR-P-IA 
1NPR] 
1N BUS 
1PPRI 
IP BUS 
IA-ESV CC 
1MASV LOAD 
MU-P-2A 
MU-P-2B 
MU-P-4A 
IA-ESF CC 
1AESF LOAD 
IA-ES CC 
EG-P-1A 
All-E-15A 
AH-E-29A 

AH-E-1A 

DF-P-1A 
AH-E-95A 
AH-E-19A 
AI'-E-18A 

IA-DG SKID 
AH-E-24A 
MU-P-3A 
A.I-P-SA 
AH-P-SB 
1AES LOAD 
SF-P-1A 
DC-P-lA 
AH-P-A/VB 

AH-C-4A 
NS-P-IA 
INVERTER A 
INVERTER C 
BAT CHGR A 
BAT CHGR C 
H2AL CHA 
H12 RECOMSR 
BAT CHGR E 
INVERTER E 
1C-ESV CC 
NR-S-1B 
MU-P-45 
AH-E-IC 
ICESV LOAD 
IRPRI 
IR BUS 
1A-SHES CC 
NR-S-IA 
DR-S-IA 
RR-S-1A 
AH-E-27A 
1ASHES LD 
NR-P-IA 
DR-P-lA 
SR-P-lA 
SW-P-IA 
MU-P-1I 
NS-P-lB 
NR-P-1B 
PENTRATN-C 
PENTRATN-A 
EG-P-3A 
EC-P-SA

4010 
4020 
4030 
4040 
4050 
4100 
4200 
4300 
4400 
4420 
4421 
4422 
4423 
4424 
4430 
4432 
4440 
4441 
4442 
4443 
4444 
4445 
4446 
4447 
4448 
4449 
4450 
4451 
4453 
4454 
4455 
4456 
4457 
4460 
4461 
4465 
4470 
4471 
4472 
4473 
4474 
"4475 
4476 
"4477 
4478 
4480 
4487 
4488 
4490 
4491 
4500 
4600 
4620 
4621 
4622 
4623 
4624 
4628 
4630 
4540 
4650 
4660 
5040 
5270 
5470 
6010 
6020 
4450 
"4450

3600 
3600 
3600 
3600 
3600 

WA 
WA 
N/A 
NWA 
NfA 
N/A 
414 
414 
414 
NIA 
N(A 
NfA 
N/A 
414 
414 
414 
414 
414 
414 
414 
414 
414 
414 
414 
N/A 
N/A 
N/A 
414 
414 
NIA 
N/A 
414 
400 
400 
400 
400 
414 
414 
400 
400 
N/A 
414 
414 
414 
N/A 
N/A 
N/A 
N/A 
414 
414 
414 
414 
NZA 
414 
414 
N/A 
414 

36DO 
414 
414 
WA 
NWA 
414 
414

3858 N/A NfA 
3261 7.3% PASS 
3862 7.3% PASS 
3861 7,3% PASS 
3863 7.3% PASS 
3858 7.2% PASs 
3864 N/A WA 
436 N/A N/A 

38s3 N/A N/A 
423 N/A N/A 
422 NIA N/A 
422 N/A N/A 
422 19.% PASS 

.422 1.9% PASS 
422 1.9% PASS 
422 N/A N/A 
422 N/A N/A 
422 N/A N/A 
415 N/A N/A 
419 1.2% PASS 
407 -1.7% FAIL 

OFF WA N/A 
420 1 A% PASS 
421 1.7% PASS 
421 1.7% PASS 
416 0.6% PASS 
418 1.0% PASS 
410 -1.0% FAIL 
409 -1.2% FAIL 
422 1.9% PASS 
421 N/A N/A 

OFF N/A NIA 
422 N/A N/A 

OFF NIA NIA 
415 0.2% PASS 
421 WA NIA 
420 N/A NWA 
415 0.2% PASS 
421 5.3% PASS 
422 6.5% PASS 
422 5.6% PASS 
422 5.6% PASS 
420 1.4% PASS 
417 0.7% PASS 
422 5.5% PASS 
421 5.3% PASS 
421 N/A N/A 
417 0.7% PASS 
421 1.7% PASS 
420 1 A% PASS 
421 N/A N/A 

3853 WA N/A 
432 N/A NIA 
432 WA N/A 
431 4.1% PASS 
431 4.1% PASS 
431 4.1% PASS 
423 2.2% PASS 
432 NIA NIA 

OFF NIA NIA 
430 3.9% PASS 
430 N/A N/A 
429 3.6% PASS 

3862 7.3% PASS 
OFF N/A N/A 
428 3.4% PASS 
421 WA N/A 
421 N/A WA 
410 -1.0% FAIL 
410 -1.0% FAIL

1.1Ij 37.381 PASS

12.31 891 17.321 20,001 i.151 23.001 PASS

1.4 891 1.96 2.60 
nU a n nconnn1

1.15

NON-SAFETY 

Ref 3.6.5 

SKID,See Below 
Ref 3.6.5 

NON-SAFETY 
NON-SAFETY 

NON-SAFETY 
MON-SAFETY 

BAT CHGR 
BAIT CHGR 
MANUAL 
MANUAL 
BATT CHGR

SI....�zzi. ��"L ''¶'�Jj*�V*...J.,L..�It1

8-10 RESULTS REV2-1lJs

26.9 88 36.76 32.50

2.)91 PASS jRef 3.5,9,l3,.1 0

I I I
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TABLE 8B 

CASE 81 VOLTAGE SUM MARY

CALCULATJON C-1101-700-E510-010, Rev. 2 
APPENDIX .10 

8 of18

SDAPPER RESULTS ALTERNATNECURRENT CRITERI 
Bus CRITERLA 1 CRITERtA 1F (AEMRAEDNnrs E& S 

TAGK.O. DAPPER: ACCEPTANO [ OTAGE k'A -' AXRFREC$ 
UVOTAGE CTE (Apper T FLAP REER S S... . PWAL F.} R'E s X FLA) F9IL REMARKS

1 1t -F-F 1-*------l1C-ESV cc 
NR-S-lB 
MU-P-4B 
AH.E-1C 
1CESV LOAD 
1E-ES SWGR 
EF-P-28 
DH-P-la 
MU-P-IC 
MU-P-iB 
PS-P-1 B 
RR-P-1B 
1SPRI 

Is BUS 
18-ES CC 
AH-E-159 
MU-P-3C 
AH-E-113 

AH-E-958 
OF-P-1C 
AK-E-19B 
AI-•P-38 
AH-E-18 

18-DG SKID 
EG-P-12 
AH-E-813 

AH-E-299 
AH-E-24B 
AH-P-9A 
A-.P-gB 
1BES LOAD 
SF-P-1I 
AI-P-9A/B 
NS-P-1C 
INVERTER B 
INVERTER ) 
BAT CHGR B 
BAT CHGR D 
BAT CHGR F 
H2 AL CH B 
H2 RECOMSR 
AH-C-4B, 

DC-P-1 B 
NS-P-1B 
IB-ESV CC 
1BESV LOAD 
MU-P-2C 
MU-P-3B 
MU-P-4C 
1S-ESF CC 
I1ESF LOAD 
InPRI 
IT BUS 
18-SHES cc 
DR-S-1B 
RR-S-1is 
*I-E-27B 
A-.1E-58 
1BS•ES LD 
NR-S-IC 
NR-P-IC 
DR-P-1B 
SR-P-18 
SW-P-1B 
NR-P-1iB 
SR-P-IC 
PENTRATN-B 
=ENTRATN-C 
--G-P-3B 
-;.P-S R

4487 
4488 
4490 
4491 
5000 
8010 
5020 
5030 
5040 
50 
5060 
5100 
5200 
5220 
5221 
6222 
5223 
6224 
5225 
5226 
6227 
6228 
5229 
5230 
5231 
5232 
6233 
5234 
5235 
5236 
5237 
5238 
5240 
6241 
5242 
5243 
5244 
6245 
5248 
5247 
5250 
5260 
5270 
5280 
5281 
5282 
5283 
5284 
5290 
5292 
5300 
5400 
5420 
5424 
6426 
5426 
5427 
6428 
5429 
5430 
544O 
5450 
5460 
5470 
5480 
6=00 
6010 
5229 
5229

414 
414 
414 
NIA 
N/A 35A 

3600 

3601 
3600 
N/A 
N/A 
NIA 
414 
414 
414 
414 
414 
414 
NIA 
414 
414 
N/A 
414 
414 
414 
N/A 
N/A 
N/A 
N/A 
N/A 
414 
4DO 
400 
400 
400 
400 
414 
414 
N/A 
414 
414 
N/A 
N/A 
414 
414 
414 
N/A 
N/A 
N/A 
N/A 
N/A 
414 
414 
414 
NIA 
N/A 
414 
414 
414 
N/A 
414 
414 
N/A 
N/A 
N/A 
414 
414

417 
421 
420 
421 

3860 
3m6 

3W58 
3856 
385M 
3853 
3853 
3858 
423 
422 
419 
422 
419 
421 
420 
412 
415 
414 
403 
411 
OFF 
407 
409 
421 

OFF 
422 

OFF 
421 
413 
421 
421 
422 
422 
422 
420 
415 
419 
414 

OFF 
421 
421 
421 
421 
421 
421 
421 

3849 
431 
431 
430 
430 
423 
431 
431 
430 

OFF 
429 
429 
429 
429 

OFF 
420 
421 
403 
403

4lRA WA .4 N/A 
0.7% 

1-7% 
1.4% 

N/A 
NIA 

7.1% 
7.1% 
7.1% 
7.1% 
7.2% 
7.0% 

NIA 
N/A 
N/A 

1.9% 

1.2% 
1.7% 
1.4% 

-0.5% 

N/A 
0.0% 

-2.7% 
N/A 
NfA 

-1.7% 
-1.2% 

N/A 
N/A 
N/A 
N/A 
NIA 

-O2% 

5.3% 5.3% 

5.5% 
5.5% 
5.5% 
1.4% 
0.2% 

N/A 
0. r0% 

NIA 
NIA 
N/A 

1.7% 
11.7% 
1.7% 

N/A 
N/A 
N/A 
NIA 
N/A 

3.9% 
3.9% 
2.2% 

N/A 
N/A 

3.9% 
N/A 

3.6% 
N/A 

3.6% 
3.6% 

NIA 
N/A 
NIA 

-2.74% 
-2.7%

N/A 
PASS 
PASS 
PASS 

N/A 
NIA 

PASS 
PASS 
PASS9 
PASS 
PASS 
PASS 

N/A 
N/A 
W/A 

PASS 
PASS 
PASS 
PASS PASS 

FAIL 

PASS 
FAIL 
N/A 
N/A 

FAIL 
FAIL 

N/A 
N/A 
NIA 
N/A 
N/A 

FAIL 
PASS 
PASS 
PASS 
PASS 
PASS 
PASS 
PASS 

N/A 
PASS 

N/AS 
N/AS 
N/A 

PASS 
NPA 

N/A 
N/A 
N/A 
N/A 
WA 

PASS 
PASS 
PASS 

N/A 
N/A 

PASS 
N/A 

PASS 

PASS 

PASS 

NWA 
N/A 
N/A 

FAIL 
FAIL

Rot 3.6.5 
NON-SAFETY 

SKID, See Below 
NON-.AFETY 

Ref 3.6.5 
Ref 3.6.5 
NON-SAFETY 
NON-SAFETY

BAT CHGR 
BATTr CH-R 

TBAT CtOR 
[MANUAL 
MANUAL 
NON-SAFETY

11.1 

13.5 
13.4 

116.4 

1.3 
0.6

8-10 RESULTS REV2-1.ds

1.001 21.501 PASS901 15.551 21.50

19.151 26.00 
1W92 20.00

8a 
89 

90 16272! 140,00

2.60
0C U.U1 U0.9

1.15 29.90 PASS 
1.1$5 23.00 PASS

1.15 2.99 PASS Ref3.5.9,3.5.11 
1.00 0.01 PASS: p~R'tt•5£•lt~

so] 1.83

1.151 161.001 FAIL

1.00 0901 PASSI 1`359 3511-2.7% FAIL
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CHART 7.2.3 
230KV vs 4KV BOP Load
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