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1.0 INTRODUCTION 

This report addresses specific items identified in NRC Docket Number 50-261 
dated January 13, 1981 from Steven A. Varga to J. A. Jones of Carolina 
Power and Light regarding- the adequacy of the H. B. Robinson Unit No. 2 
station electrical distribution system when subjected to degraded system 
grid voltage.  

A similar report dated October 3, 1976 was prepared by Ebasco for Carolina 
Power and Light in response to an NRC request following the Millstone 
Event. -The 1976 report provided an analysis of voltage conditions on the 
station electric distribution system at the 4160 and 480 volt bus levels.  
The study contained in this report analyzes, in addition to these, bus 
voltage conditions on the 208 and 120 volt buses as requested by the NRC.  

In accordance with the latest FSAR Section 8.2.2, the switchyard operating 
limits are documented as follows: 

"The nominal switchyard voltages for theRobinson Plant are 115 kV 
and 230 kV. A voltage schedule supplied by the Systems Control 
Center calls for voltages to be maintained between 97 percent and 
101 percent of the nominal voltage on the 115 kV bus. A review of 
the recording voltmeter traced during 1976 shows that at no time 
had the voltage on the 115 kV bus fallen below 97 percent, even 
during an unscheduled outage of the HBR Unit 2." 

At the request of the NRC the subject analyses are conducted using the 
postulated grid voltages of 0.95, 1.0 and 1.06 pu, recognizing that the 
extreme hypothetical limits of 0.95, and 1.06 pu will *never be reached in 
the actual operation of the plant.  
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Furthermore, to approximate as closely as possible maximum operating 
conditions, the "design point" brake horsepower for all large and medium 
size equipment listed in the FSAR is assumed as the load on the driven 
equipment. These data were obtained from speed-torque characteristic 
curves and where not available, the nameplate horsepower of the motor is 
used. It has been observed and recorded during September 1976, February 
1982, and August 1982 that the running load of the large and medium size 
equipment was on an average of approximately 10 percent below the design 
point brake horsepower thus assuring that this approach provides inherent 
margin of safety in the calculated values.  

For additional information concerning the design point brake horsepower 
values of the equipment, refer to Paragraph 5.8.  

This report also includes two in-plant test procedures used to obtain data 
for verification of calculated results. These data, obtained from field 
measurements, are compared with calculated values using Ebasco's 
computerized auxiliary system program (Program 2027). This comparison is 
summarized in Paragraph 5.6, Table No. 1 of this report.  

2.0 PURPOSE AND SCOPE 

The analyses contained in this report analyzes auxiliary bus voltage 
conditions for various modes of plant operation and the effect of degraded 
system grid voltage condition specifically for the following safety related 
buses: 480 Volt Switchgear Bus No.'s El and E2, 480 Volt Motor Control 
Center Bus No's 5, 5A, 6 and 6A and 120/208 Volt Motor Control Center Bus 
No's 9 and 10. An analysis was performed for each of the following plant 
operating conditions: 

2.1 Normal Operation 

The electrical distribution system for H. B. Robinson Unit No. 2 is 
designed such that during a power loading of 5 percent or greater, 4160 
Volt Bus No. 3, 480 Volt Bus No. 3, 480 Volt Emergency Bus No. E2, 480 Volt 
MCC No. 6 and 120/208 Volt MCC No. 9, are powered from the Start-Up 
Transformer "Y" winding with all other major buses being supplied by the 
Unit Auxiliary Transformer. Normal operation is therefore analyzed for the 
following .system configurations with input voltage conditions ranging from 
0.95 pu to 1.06 pu.  

2.1.1 The plant auxiliary system is connected to the Main Generator by a 
means of the Unit Auxiliary Transformer. Loads which are required for the 
normal operation of the plant are assumed connected to the auxiliary system 
and operating.  
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2.1.2 The auxiliary system is connected to the 115kV Switchyard by means 
of the Start-Up Transformer due to the unavailability of the Unit Auxiliary 
Transformer. Loads which are required for normal operation of the plant 
are assumed connected to the auxiliary system and operating.  

2.2 Emergency Operation 

The plant auxiliary system is connecteo to the 115kV Switchyard by means of 
the Start-Up Transformer. Loads which are required for the normal 
operation and ESF with safety injection actuated are assumed connected to 
the auxiliary system and operating with switchyard voltage conditions 
ranging from 0.95 pu to 1.06 pu.  

2.3 Cold Shutdown Operation 

The plant auxiliary system is connected to the 115kV Switchyard by means of 
the Start-Up Transformer. All plant buses are loaded in their most lightly 
loaded condition with the system grid at 1.06 per unit voltage.  

3.0 SYSTEM PARAMETERS 

System parameters established in the 10/13/76 report are used where 
applicable. Parameters for equipment added since that time were obtained 
from equipment nameplates, ccntrol wiring diagrams, vendor equipment 
drawings and in instances where data were not available maximum operating 
design conditions were, assumed. Using these system parameters, a computer 
analysis using Ebasco's auxiliary system computer program (Program 2027) 
was performed for each of the operating conditions listed in Section I, 
Paragraph 2, "Purpose and Scope".  

System impedance values used in the computer program are summarized on the 
applicable system one-line diagram for the computer simulation included in 
Section II, Paragraph D, Sketch E-1, Sheet 7 and 8.  

4.0 BASIS AND ASSUMPTIONS 

4.1 In the absence of actual motor data, the following parameters were 
utilized: 

a. HP - Nameplate Rating 

b. pf - 0.88 
run 

c. pf - 0.20 
start 
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d. EFF - 0.92 

e. LRA/FLA - 6.5 

4.2 The motor's source of power and cable feeder size and length are 
as indicated on CP&L Breaker Coordination Study (Reference No. 1; 1976 
Report) 

4.3 Loads required for start-up and normal operation are per CP&L 
indications on the one lines. (Reference No. 2; 1976 Report) 

4.4 System criteria as noted in Study JFM-3, Criteria and Results, 
Dated October 5, 1976. (Appendix C; 1976 Report) 

4.5 The following transformer data was obtained from equipment 
nameplates for the transformer noted.  

a. Start-LU Transformer No. 2.  

1. Voltage Ratio: 120.8/117.9/115.0/112.1/109.3-4.368/4.368 kV 

2. MVA: 44: 22/22 

3. Impedance: H-X = 10.2%, H-Y = 10.3% 
X-Y = 20.5% (incorrectly listed on nameplate 

as 2%) 
X/R = 50 (assumed) 

b. Unit Auxiliary Transformer No. 2 

1. Voltage Ratio: 21.95/21.42/20.9/20.38/19.85-4.16/4.16 kV 

2. MVA: 44: 22/22 

3. Impedance: H-X = 10.8%, H-Y = 10.6% 
X-Y = 20.5% 
X/R = 50 (assumed) 

c. Station Service Transformers No. 2A and No. 2C 

1. Voltage Ratio: 4.365/4.260/4.16/4.053/3.95-.480 kV 

2. MVA 2.0/2.66 

3. Impedence: 5.8% 
X/R = 5 (assumed) 

d. Station Service Transformer No. 2B 

1. Voltage Ratio: Same as 2A 
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2. MVA: 1.5/2.0 

3. Impedance: 5.5% 
X/R =,5 (assumed) 

4.6 Generator parameters are in accordance with Westinghouse's letter 
of October 5, 1966.  

4.7 Starter parameters are in accordance with Westinghouse A/200 
Contactor Data dated September 20, 1966.  

4.8 The minimum and maximum grid voltages are assumed to be 0.95 and 
1.06 respectively.  

4.9 Safety injection electrical loads on Emergency Buses El and E2 are 
based on the FSAR.  

.4.10 The procedure for tripping Steam Generator Feed Pumps A & B during 
safety injection is based on the telephone conversation between R. L.  
Forester of Ebasco and S. Allen of CP&L on August 6, 1981 (Reference 6.8).  

4.11 The transient computer analysis of this report is based on 
starting the largest motor on each bus; i.e., a 6000 hp reactor coolant 
pump on a 4160 volt bus, a 350 hp motor on 480 Volt Emergency Bus El and E2 
respectively, a 125 hp motor on 480 Volt MCC 5 & 6, and a 3.9 hp motor on 
208/120 Volt MCC 9 & 10.  

4.12 The design point brake horsepower of the large and medium size 
pumps is taken from the FSAR and from manufacturer's certified speed-torque 
curves. (Section I, Paragraph 5.8, Table 2) 

4.13 In those cases where the design point brake horsepower of the 
driven equipment can not be determined, nameplate horsepower rating of the 
motor is assumed.  

4.14 The power factor values used for the large and medium size motors 
at the brake horsepower loads were extrapolated from a typical induction 
motor characteristic curve (Ref. 6.10).  

5.0 NRC QUESTIONS AND PROPOSED RESPONSES 

The following questions and proposed responses referenced to here, 
correspond to those appearing in the NRC request for additional information.  

Ref. 1: NRC letter (A. Schwencer) to CP&L (E. E. Utley), dated 
August 8, 1979.  

Ref. 2: CP&L letter (E. E. Utley) to NRC (A. Schwencer), dated 
October 5, 1979.  
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Ref. 3: CP&L letter (E. E. Utley) to NRC (A. Schwencer), dated 
October 3, 1979.  

Ref..4: CP&L letter (E. E. Utley) to NRC (S. A. Varga), dated 
July 23, 1980.  

5.1 Question No. 1 

5.1.1 Reference No. 2 bases the worst case voltage analysis on operation 
at 100% power and indicates that operation following a LOCA is less 
limiting because of the decreased load on the electrical distribution 
system. Are the Class IE buses assumed to be very heavily loaded during 
the analysis at 100% power? If not, the resultant heavier loading of the 
480V Class 1E buses following an accident could result in worst case 
voltage to these buses even though total loading on the electrical 
distribution system is less. Therefore an analysis of the Class IE buses 
and load terminal voltages (steady state and transient) should be provided 
to evaluate this condition in accordance with NRC Guidelines 1, 3, 7, 9, 10 
and 12 of Ref. 1. Starting of large non-Class lE motors, including the 
reactor main coolant pump, should be part of the transient conditions 
considered during this event.  

5.2 Response to Question 1: 

Based on NRC question #1 and the subsequent clarification obtained by CP&L 
in a telephone conversation between Joe Curley and NRC on March 17, 1981, 
the following analyses are made: 

5.2.1 Normal Plant Operation 

The following conditions were assumed to exist during the conduct of this 
study: 

a. The plant is assumed to be operating at 100 percent power.  

b. All electrical loads required to support the unit are being 
supplied from the Generator via the Auxiliary Transformer, "X" 
winding.  

c. Start-Up Transformer "Y" winding loads are always fed from the 
Start-Up Transformer and.are not transferred to the Auxiliary 
Transformer under normal operating conditions.  

d. All electrical loads required to support the unit are 
operating with the exception of the motor being started.  

e. All electrical loads which are required to support operations 
are operating for steady state analysis.  
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f. The largest non-safety load (6000 hp Reactor Coolant Pump) is 
assumed to be starting for the transient analysis.  

g. The Generator is assumed to be operating at 0.95 per unit 
voltage.  

The calculated voltages for each of the major buses are as follows: 

Minimum Voltages 
Plant Safety Buses Steady State Transient 

4160V Bus 1 & 2 3916 3325 
480V Bus El 423 348 
480V MCC 5 420 344 
208V MCC 10 180 147 
6000 hp Motor Terminals 3910 3281 

From the results tabulated above, the worst case contactor drop-out 
voltage, approximately 290 volts for 480 volt and 111 volts for 208 volt 
buses, is not reached under any postulated condition analyzed (Refer to 
Calculation JFM-4, P. 23 of the 1976 report and Calculation No. 5 of this 
report).  

The worst case contactor pick-up voltage of 403 volts for 480 volt 
equipment and 166 volts for 208 volt equipment is only reached during 
transient conditions and will exist for only a few seconds during 
acceleration of a 6000 hp RCP. The steady state voltages on all buses are 
above contactor pick-up voltages 'and within the + 10 percent voltage 
variation necessary for satisfactory equipment operation.  

The undervoltage relay trip setting of 328 volts on Bus El is not reached 
under any analyzed condition and, therefore, the safety related buses will 
not experience spurious separation from their power sources.  

The above results show that all 4160, 480, and 208 volt buses are 
maintained above the minimum manufacturer's recommended voltage for 
continuous motor opertion which is 3600, 414, and 180 volts respectively.  

The instrument buses considered in this analysis are supplied from 480V 
MCC 5 through step down harmonic neutralized regulating transformers 
capable of maintaining an output voltage of 120V + 1/2 percent over an 
input voltage range of,380 to 520 volts. Under a steady state condition at 
0.95 pu generator voltage, these transformers operate within a + 1/2 
percent regulated output range. Under the transient condtions postulated, 
input voltage is calculated to dip to a low of 344 volts. Although this is 
24 percent below the midpoint input voltage (450V), published data from the 
manufacturer indicates that the output voltage will be maintained to within 
3-4 percent of nominal with the transformer fully loaded. At half load, 
these transformers will regulate to within 3-4 percent of nominal with a 50 
percent dip in input voltage. Consequently, the instrument buses 
experience no deleterious excursions in voltage.  
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The 120 volt vital ac loads are powered from the inverter sets and are not 
affected by degraded grid voltage.  

5.2.2 Plant Operation Following Unit Trip Signal 

The following conditions were assumed to exist during the conduct of this 
study: 

a. The plant is assumed to be operating at 100 percent power.  

b. All electrical loads which are required to support power 
operations are operating.  

c. All electrical loads which are required to s.upport the unit 
are being powered from the 115 kV Switchyard via the Start-Up 
Transformer.  

d. Switchyard voltage is assumed to be at 0.95 per unit.  

e. The largest non-safety load (6000 hp Reactor Coolant Pump) is 
assumed to be starting for the transient analysis.  

The calculated voltages for each of the major buses are as follows: 

Minimum Voltages 
Plant Safety Buses Steady State Transient 

4160V Bus 1 & 2 3903 3304 
4160V Bus 3 & 4 3917 3310 
480V Bus El 421 346 
480V Bus E2 419 341 
480V MCC 5 418 342 
480V MCC 6 416 337 
208V MCC 10 179 146 
208V MCC 9 178 144 
6000 hp Motor Terminals (B-1) 3896 3260 

From the results tabulated above, all the following conditions are 
satisfied: 

. Worst case contactor drop-out voltage for 480 and 208 volt 
buses is not reached under any condition.  

Worst case contactor pick-up voltage for 480 and 208 volt 
buses under steady state condition is not reached.  

The undervoltage relay trip setting of 328 volt on bus El is 
not reached under any condition and therefore the safety 
related buses will not experience spurious separation from 
their power sources.  
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The above results indicate that all 4160 and 480 volt buses are maintained 
above the minimum manufacturer's recommended voltage for continuous motor 
operation.  

. Under the steady state conditions postulated, the instrument 
buses supplied from 480 Volt MCC's 5 and 6 will operate a 
+ 1/2 percent of nominal output voltage.  

. Under transient conditions, the maximum momentary dip in 
voltage on the instrument buses will be approximately 3-4 
percent of nominal which is not deleterious to the connected 
loads.  

5.2.3 Loss of Coolant Accident 

The following conditions were assumed to exist during the conduct of this 
study: 

a. The plant is assumeo to be operating at 100 percent power.  

b. All electrical loads which are required to support the unit 
are being supplied from the 115 kV Switchyard via the Start-Up 
Transformer.  

c. All electrical loads which are requirea to support the unit 
for normal and LOCA modes are operating with the exception of 
the RHR pump being started.  

d. The 115 kV Switchyard voltage is assumed to be at 0.95 pu.' 

The system is analyzed at the time buses are 100 percent loaded and a loss 
of coolant accident occurs. The containment spray, safety injection and 
RHR pumps start before any load shedding occurs.  

Buses Connected to Start-up Transformer 

Minimum Voltaces 
Plant Safety Buses Steady State Transient 

Before Starting After Starting 

4160V Bus 1 & 2 3914 3907 3876 
4160V Bus 3 & 4 3923 3916 3884 
480V Bus El 403 398 373 
480V Bus E2 399 394 364 
480V Shutdown Bus 404 399 376 
480V MCC 5 393 388 362 
480V MCC 6 388 383 358 
208V MCC 9 166 164 153 
208V MCC 10 168 166 155 
RHR Motor Terminals (D-5) 403 398 373 
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From the results tabulated above, the worst case contactor drop out 
voltage, (approximately 290 volts for 480 volt equipment and Ill volts for 
208 volt equipment buses) is not reached under any of the postulated 
conditions.  

The undervoltage trip setting of 328 volts on 480 Volt Buses El and E2 is 
not reached under any postulated conditions. Therefore, the safety related 
buses will not experience spurious separation from their power sources.  

The plant safety bus voltage levels are improved under: 

a. Operating conditions establish a minimum system grid operating 
voltage of 0.97 pu.  

b. No credit is taken for load shedding which will occur after 
the initiation of a LOCA.  

c. Design point brake horsepowers (or nameplate horsepowers where 
data were not available) were assumed where actual loading on 
the auxiliary buses has been found to average approximately 10 
percent below these assumed values.  

d. The computer calculated voltages, when assuming low bus 
voltage and starting large motors, will be lower than that 
actually experienced because of the constant MVA base modeled 
for all running motors.  

e. The tap setting on the 4160 volt winding of the station 
service transformers A, B, C & D should be lowered by 2-1/2 
percent.  

The input voltages to the step-down regulating transformers supplied from 
480 Volt MCC's 5 and 6 under steady state condition are within the + 1/2 
percent regulating range of the transformers (380 - 520 volts). Under the 
worst case calcuated transient condition of 358 volts (480 Volt MCC 6), 
these transformers will maintain their output voltage to within 3-4 percent 
of nominal which is not deleterious to the connected loads.  

5.3 Question No. 2: 

Per NRC Guideline 11 (Ref. 1), submit Class lE load terminal voltages for 
maximum expected grid voltage (1.06 pu) and minimum plant load conditions.  

5.4 Response to Question No. 2: 

Using minimum plant load connected to the start-up transformer for maximum 
grid voltage (1.06 pu) as requested by the NRC, the following maximum 
expected voltages at the safety buses are calculated.  
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Maximum Steady State 
Class lE Load Bus Voltage 

480 Volt Bus E2 521 
480 Volt MCC 6 515 
208 Volt MCC 9 220 

Since "X" winding of the Start-up Transformer has more connected and 
assumed more running load under cold shutdown conditions, the "Y" winding 
was analyzed only (Calculation No. 8).  

The maximum operating voltage for 460 and 200 volt rated motors is 506 and 
220 volts respectively or : 10 percent of nameplate. This condition is 
exceeded by 15 volts or 2.9 percent -on 480 Volt Bus E2. However, this is 
not considered significant. These maximum operating voltages are also not 
excessive for the operation for all non-rotating equipment not requiring a 
regulated input including the input side of regulating transformers on this 
unit. It should also be noted that the grid voltage of 1.06 per unit is in 
excess of the 1.01 pu operating range at the H. B. Robinson plant, and 
consequently, under normal cold shutdown conditions, the load terminal 
voltages of all safety, loads and their starting circuits will be safely 
within acceptable limits.  

5.5 Question No. 3 

The ESF event described in Ref. 2 and Ref. 3 does not meet the analysis 
verification requirement of the NRC. With all the buses at least 40% 
loaded, measure and record the loads and impedances during steady state, . starting of a large 4160V motor and starting of a large Class IE motor.  
Use these measured values in the computer load flow programs and compare 
the calculated voltages to develop a deviation value. With an acceptable 
deviation value, the analysis verification requirement will be met. Submit 
the test verification data and deviation values.  

5.6 Response to Question No. 3: 

The actual test procedures used for conducting "In-Plant" tests and summary 
of test results are included in Section II, Paragraphs A, B and C. The 
bases of computer input data is included in Section I, Paragraph 9.0 
Calculation #6.  

The Analysis Verification Table (Table No. 1) exhibited on page 8 is based 
on the following tests: 

Test No. 1 

Starting of 350 hp Auxiliary Feedwater Pump 2A on 480 Volt Bus No.  
E-1.  
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Test No. 2 

Starting of 125 hp Service Water Booster Pump 2A on 480 Volt MCC 
No. 5.  

Test No. 3 

Starting of 6000 hp Steam Generator Feed Pump 2A on 4160 Volt Bus 
No. 1.  

In accordance with Test Procedure TP-1 included in Section II, Paragraph A, 
the "In-Plant" test for measuring bus voltages was conducted on 
February 13, 1982.  

The plant was operated at 50 percent reactor power and the test procedure 
was followed for the entire test. During this test, the 6000 hp Steam 
Generator Feed Pump 2A (4160 V Bus No. 1), and 350 hp Auxiliary Feedwater 
Pump 2A (480V MCC No. 5) were started sequentially. and the resultant 
voltage at each bus monitored was recorded.  

An assumed power factor of 0.88 and an efficiency of 0.92 representing 
typical full load motor conditions were used for the computer model.  

The recording voltmeters used during the "In-Plant" test have a + 2 percent 
accuracy and the chart scale was 6 volts per millimeter for the 480 volt 
buses. Considering the instrument accuracy and the chart reading accuracy 
(about 1/2 of the chart scale per division) the maximum deviation of about 
2.6 percent between the calculated and measured values is acceptable.  

The computer analyses were run using the actual load flow as measured on 
the 4160 volt buses and observed based on operating load on 480 volt 
buses. The calculated bus voltages were compared with the actual voltages 
measured and it was found that the maximum deviation was about 4.88 
percent. It was also found that the voltage deviation on the 4160 volt 
buses were within 0.25 percent where actual measured power factor was 
coincident with the 0.88 power factor used in the computer model.  

Further investigation to explain the 4.88 percent deviation suggested that 
the power factor on those buses having high deviations was lower than that 
assumed and since there was no easy way to determine the actual operating 
power factor of each motor at the time of test, it was concluded that a 
second "In-Plant" test to measure power factor at the various buses in 
question was necessary.  

This second test to measure the power factor was conducted on August 26, 
1982, at 50 percent reactor power and the buses were loaded to 
approximately the same level as observed during the first test.  
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The test was run for three hours to record any variation in power factor.  
It was found that the power factor values on the 4160 volt bus remained 
constant at 0.88 as measured during the first test.  

The power factor values for 480 Volt Bus No. El fluctuated between 0.75 to 
0.78 and it was also observed that as the load on the bus increased, the 
power factor value also improved which was to be expected based on normal 
induction motor influence on power factor.  

The power factor values for 480 Volt MCC No. 5 remained very close to 
0.85. One air compressor was found cycling approximately every thirty 
seconds and corresponding blips were found on the ampere and power factor 
recorder charts.  

Using the computer model of Test TP-1, additional computer analyses were 
made using the average power factor values observed during Test TP-2.  

As seen from the Analysis Verification Table (Table No. 1), the steady 
state deviations between calculated and actual recorded bus voltages fall 
within the accuracy of the instruments used to conduct the test and reading 
accuracy in interpolating between divisions on recorder strip charts.  

The higher deviation values for the transient condition during starting of 
the motors are due to the nature of the computer program. This program 
assumes a constant MVA base for all running motors. Consequently, when 
considering the starting of a large motor assuming low bus voltage and 
starting power factor, the starting current and corresponding voltage drop 
calculated is slightly higher than actual. This produces conservative 
results (calculated values are lower than the actual recorded) and assures 
that bus voltages will not exceed calculated values when considering large 
voltage drops.  

5.7 Question No. 4: 

The calculated bus voltages in Ref. 2 of concern for steady state and motor 
conditions are as follows: 

a. Steady State 

Using the nameplate rating of the 6000 hp RCP results in a bus 
voltage of 402 volts on E2 and by using brake horsepower (BHP) 
of 4700 hp results in a bus voltage of 426 volts.  

b. Motor Starting 

Using the nameplate rating of the 6000 hp RCP results in a bus 
voltage dip to 310 volts on Bus E2 and by using BHP a voltage 
dip to 336 volts during motor starting.  
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ANALYSIS VERIFICATION TABLE 

Carolina Power & Light Company TABLE 1 OFS No. 2762.024 Dept. No. 504 

H. B. Robinson Nuclear Plant September 3, 1982 

In-Plant Test Analysis 

4160nV Run #2 480 Volt Ria #1 El MCC5 MCC10 

In-Plant Actual Calculated Delta Actual Calculated Delta Actual Calculated Delta Actual Calculated Delta Actual Calculated Delta 

Test No. Volts Volts Volts Volts Volts Volts Volts Volts Volts Volts Volts Volts Volts Volts Volts 

1 4140 4142 + 2 463.5 455 - 8.5 453 452 - 1 438 436 - 2 192 189 - 1 Before starting 

4110 4107 - 3 435 429 - 6 420 424 + 3 402 407 + 5 177 176 - 1 Duringstarting 

4140 4139 - 1 462 452 -10 450 449 - 1 433.5 433 - 0.5 191 187 - 4 After starting 

2 4140 4139 - 1 459 452 - 7 444 449 + 5 432 433 + 1 190 187 - 3 Before starting 

4110 4123 +13 453 441 -12 441 436 - 5 406.5 396 -10.5 178 172 - 6 During starting 

4140 4137 - 3 457.5 451 - 6.5 444 447 + 3 426 429 + 3 187 185 - 2 After starting 

3 4140 4137 - 3 457.5 451 - 6.5 444 447 + 3 426 429 + 3 187 185 - 2 Before starting 

3510 3469 -41 385.5 367 -18.5 372 362 - 10 354 338 -16 156 146 -10 During starting 

4080 4089 + 9 453 445 - 8 441 441 0 421.5 422 - 0.5 186 183 - 3 After starting 

Power Factor (.88) (.76) (.76) (.85) (Lightly loaded bus) 

Scale: 60V/mm 6V/mm 6V/mm 6V/mm 2.6V/mm 

Steady State Devia- 0.22 - 2.16 1.1 0.70 2.09 

tion in Percentage 
6.41 

Transient Devia- 1.16 4.79 2.69 4.52 

tion in Percentage 

Notes: 1. Recording voltmeters used for the test - Esterline Angus Model #S22907 

Accuracy - +2% FS



Ref. 4 defines the loss-of-voltage setpoints of 328 volts + 1 volt with a 
time delay of .75 seconds + .25 seconds. Ref. 3 defines ffie second-level 
protection setpoint of 413 Tchanged to 412 volts by Amendment 52) volts + 1 
volt with a time delay of 10 seconds + .5 seconds. The manufacturer's 
recommended minimum continuous operating voltage is 414 volts (Ref. 2).  

The use of nameplate ratings is indicative of design conditions and to 
determine the full capacity and capability of the onsite distribution 
system to supply adequate voltage, should be based on design conditions.  

Based on conservative engineering judgment, reasonable assurance has not 
been provided in Ref. 2 that the brake horsepower rated loads will not 
change in time and that a considerable voltage margin on the Class 1E buses 
and load terminals with respect to the undervoltage relay setpoints and 
equipment voltage ratings is present using BHP values. Per NRC Guidelines' 
9, 10 and 12, submit how CP&L plans to meet the requirements of equipment 
voltage ratings for normal operation, adequacies in relay setpoints of 
voltages and time, and avoiding spurious Class 1E bus separation when using 
design conditions.  

5.8 Response to Question No. 4 

Based on the design parameters established for the plant systems such as 
maximum flow, static head, etc., the operating.or design points used to 
establish horsepower requirements represent maximum or "worst case" design 
conditions. During normal operation, the load will vary from this design 
point downward. Motor nameplate horsepower was conservatively selected on 
the basis of these design points to provide a reasonable margin in motor 
horsepower above that required by the driven equipment. Thus the brake 
horsepower required to drive equipment at design point conditions 
represents maximum horsepower required by the driven equipment and is 
consequently used to calculate voltage drop which is a function of running 
load. Nameplate horsepower on the other hand represents the capability of 
the motor, not the driven equipment.  

As observed and recorded during September 1976, February 1982, and August 
1982, the actual running load of the large pumps has been historically 
lower than the design point brake horsepower. Therefore, using design 
point brake horsepower rating of the equipment for calculating bus voltages 
provides inherent margin of safety, thus ensuring that the actual bus 
voltages will always be higher than the calculated voltages.  

For the above reasons this analysis is made using design point brake 
horsepower of the large and medium size pumps.  

Table No. 2 gives a comparison of nameplate horsepower for selected motors 
300 hp and above with the brake horsepower required by the driven 
equipment. These design points were obtained from the FSAR and 
manufacturers' drawings contained in Carolina Power and Light record 
files. However, where the design point brake horsepower is not available, 
the nameplate horsepower of the motor is used.  
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TABLE No. 2 
Brake Horsepower Data for 

Large Pumps 

Brake HP Motor HP 
Service (Design) (Nameplate) Volts Bus No.  

1. Reactor Coolant 5067 6000 4160 1, 2 & 4 
Pump 

2. Circulating Water 1685 1750 4160 1 & 4 
Pump 

3. Condensate Pump 2702 3000 4160 1 & 4 

4. Heater Drain Pump 625 700 4160 1 & 4 

5. Steam Generator 5428 6000 4160 1 & 4 
Feeo Pump 

6. Component Cooling 309 350 480 El & E2 
Pump 

7. Auxiliary Feed Water 325 350 480 El & E2 O Pump 

8. Reactor Containment 117/244 350 480 El & E2 
Fan Cooler 

9. Service Water Pumps 275 300 480 El & E2 

10. Residual Heat 285 300 480 El& E2 
Removal Pump 

For pump performance curves, refer to Section II, Paragraph F, Page 11-102.  
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A copy of each of the pump characteristic curve indicating design point 
brake horsepower is included in Section II, Paragraph F.  

As long as plant designs are not changed and the replacement equipment is 
sized within design points, the brake horsepower required by the pump 
should not exceed the design point brake horsepower. If, for any reason, 
the plant designs are changed by changing the equipment size, CP&L will 
notify the NRC and the electrical distribution system will be reanalyzed to 
evaluate the impact.  

The steady state and transient analyses requested in this question are made 
in response to Question'No. 1 included in Section I, Paragraph 5.2.  

As demonstrated in Paragraph 5.2 above, the voltage levels at the safety 
related buses under all plant'operating conditions are satisfactory.  

5.9 Question No. 5: 

Per NRC Guideline 7 (Ref. 1), submit Class lE load terminal voltages for 
the cases in Table No. 1 and Table No. 2 (Ref. 2) including any low voltage 
ac (less than 480V) Class 1E equipment. Is all the equipment capable of 
sustaining the analyzed voltages without blowing fuses, overheating, 
stalling, etc., without affecting the equipment's ability to perform its 
required function (especially instrumentation and control circuits)? 

5.10 Response to Question No. 5: 

The analysis of degraded bus voltages as presented with the Ref. 2 document 
are expanded to include 120/208 volt buses. The calculations are conducted 
using identical bases as summarized below for quick reference.  

a. Steady State Conditions 

The steady state voltage studies for H. B. Robinson Unit No. 2 
were conducted to determine the minimum voltages which could 
be expected on the major on-site electrical buses, during 
steady state power operations as the grid voltage was varied 
from 0.95 pu to 1.06 pu of 115 kV. The following conditions 
were assumed to exist during the conduct of this study: 

1. The plant is assumed to be operating at 100 percent power.  

2. All electrical loads which are required to the unit are 
supplied from the 115 kV grid via the Start-Up Transformer.  

3. All running electrical loads are assumed to be in 
continuous operation (i.e., no equipment starts or stops).  
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The calculated bus voltages during steady state operation of the plant are O as tabulated below: 

PU 4160 Volt Bus 480 Volt Bus 208V Bus 
1/2 3/4 El E2 SHDN MCC5 MCC6 MCC9 MCC1O 

0.95 3903 3917 421 419 421 418 416 178 179 

1.00 4138 4151 450 448 450 447 445 191 192 

1.06 4417 4429 484 483 484 481 480 206 206 

From the results calculated above, it is demonstrated that during steady 
state condition all 4160 and 480 volt buses are maintained above the 
manufacturers' recommended minimum voltage for continuous motor operation, 
i.e., 3600 volts and 414 volts respectively. The manufacturer's 
recommended minimum continuous operating voltage for 208 volt motors is 180 
volts. The 208 Volt MCC 9 and MCC 10 shows minimum bus voltages of 178 and 
179 volts respectively. Considering the conservatism of the computer model 
which assumes all running motors as constant MVA loads, these voltages, 
which are within 1 percent of the normal allowable operating range of the 
motors, is considered acceptable.  

The undervoltage trip setting of 328 volts on Emergency Buses El and E2 is 
not exceeded. Consequently, these buses will not experience spurious 
separation from their power sources.  

The maximum recommended voltage for continuous operation of the 4000, 460 
and 200 volt motors (4400 volts, 506 volts and 220 volts respectively) is 
satisfied for all grid voltages except at 1.06 pu where the 4160 volt buses 
are calculated to exceed the maximum recommended voltage by 0.38 percent.  
This is not considered deleterious to the equipment.  

Minimum contactor pick-up voltages of 403 and 166 volts and minimum 
contactor drop-out voltages 290 and 111 volts for 480 and 208 volt 
equipment respectively are not exceeded under any postulated condition.  

The voltage regulating transformers feeding 120 Volt Instrument Bus No.'s 1 
and 6 are supplied from 480 Volt MCC 5. The voltage regulating 
transformers feeding 120 Volt Instrument Buses 4 and 9 are supplied from 
480 Volt MCC 6. These constant voltage transformers maintain an output 
within + 1/2 percent of nominal with a variable input voltage from 380 to 
520 volts. Since the degraded voltage under steady state conditions is 
always within these limits, the output voltage will not be affected. The 
remaining 120 volt instrument buses are fed from inverters and are not 
affected with the degraded voltage of the ac buses.  
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b. Transient Conditions 

The transient voltage studies for H. B. Robinson Unit No. 2 
were conducted to determine the minimum voltage which could be 
expected on the major on-site electrical buses during the 
starting of large motors as grid voltage is varied from 0.95 
pu to 1.06 pu of 115kV. The following conditions were assumed 
to exist during the conduct of this study: 

1. The plant is assumed to be operating at 100 percent load.  

2. All electrical loads which are required to support power 
operations are operating with the exception of the motor 
being started.  

3. All electrical loads are being powered from the 115kV 
transmission grid via the Start-up Transformer.  

Minimum Calculated Bus Voltage During Starting of Large Motors, 

Start-up of 6000 HP Motor on 4160V Bus 

PU 4160 Volt Bus 480 Volt Bus 208V Bus 
1/2 3/4 El E2 SHDN MCC5 MCC6 MCC9 MCC1O 

0.95 3304 3310 346 341 344 342 337 144 146 

1.00 3503 3507 371 367 369 367 363 155 157 
1.06 3739 3742 401 397 399 397 393 168 170 

Start-up of 350 HP Motor on 480V Bus El & E2 

PU 4160 Volt Bus 480 Volt Bus 208V Bus 
1/2 3/4 El E2 SHDN MCC5 MCC6 MCC9 MCC1O 

0.95 3874 3887 399 397 400 395 394 169 169 

1.00 4106 4119 426 425 427 423 421 180 . 181 
1.06 4383 4395 458 457 460 455 454 194 195 

Start-Up of 125 HP Motor on 480V Bus El and E2 

PU 4160 Volt Bus 480 Volt Bus 208V Bus 
1/2 3/4 El E2 SHDN MCC5 MCC6 MCC9 MCC10 

0.95 3889 3917 412 410 412 390 384 164 167 

1.00 4125 4137 440 438 440 417 411 176 179 
1.06 4403 4414 473 472 474 448 442 189 192 
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Although it is unrealistic to be starting a reactor coolant pump at 100 
percent power, this condition was assumed in the computer program to study 
the effect of starting the largest motor in the plant while the electrical 
distribution system is fully loaded.  

From the results tabulated above, the undervoltage trip setting of 328 
volts on the 480 volt buses El and E2 is not reached during transient 
condition of starting the largest motor in the plant.  

The worst case contactor drop-out voltage approximately 290 volts for 480 
volt and 111 volt for 208 volt buses is not reached under the analyzed 
conditions.  

During transient conditions which last less than 10 seconds, the input 
voltage to the instrument regulating transformer falls to a low of 337 
volts (480 volt MCC 6 8 0.95 pu). Although this is 25 percent below the 
midpoint range (450V) for these transformers, published data from the 
manufacturer indicates the output voltage. will be maintained to within 
approximately 8 percent of nominal. Assuming the output is set at 120 
volts, this would result in the instrument bus voltage falling momentarily 
to 110 volts. This is not considered deleterious to the connected load.  

5.11 Question No. 6: 

Ref. 4, Item 3 states that an analysis is not required when backfeeding 
through the unit auxiliary transformer since its capacity rating is the 
same as the start-up transformer. When backfeeding, the main transformer 
bank is in series with the unit auxiliary transformer which results in a . higher equivalent impedance. The higher impedance will cause more of a 
potential drop to the Class lE buses. Therefore, an analysis is required 
per NRC Guideline 1. Submit an analysis when backfeeding through the unit 
auxiliary transformer.  

5.12 Response to Question No. 6 

Ref. 4, Item 3 addressed possibility of backfeeding the plant distribution 
system through the Unit Auxiliary Transformer in the event of a failure of 
the Start-Up Transformer. However, there is no credit taken in the FSAR 
for this option as a back up off-site supply and therefore the analysis is 
not required.  

6.0 REFERENCES 

Additional reference documents used .for the study above those listed in the 
1976 Report are as follows: 

.1 CP&L Letter No. CO-03689 dated April 14, 1981, from A. B.  
Cutler to F. C. Wimberly.  
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.2 Telephone conversation notes between Joe Curley and NRC on 
March 17, 1981.  

.3 NRC Letter Docket No. 50-261 dated January 13, 1981.  

.4 CP&L Letter No. CO-04012 dated July 2, 1981 from A. B. Cutter 
to I. Narayani.  

.5 Observed information obtained from site trip dated May 28, 
1981.  

.6 H. B. Robinson Unit 2 4160 volt One-Line Diagram 5379-5373, 
R5 - dated June 27, 1977.  

.7 H. B. Robinson Unit 2 480 volt One-Line Diagram 5379-5374, R4 
- dated June 27, 1977.  

.8 Telecon with CP&L (S. Allen) August 6, 1981.  

.9 CP&L Letter No. CO_02451 dated August 19, 1981, from A. B.  
Cutter to I. Narayani.  

.10 Robert W. Smeaton, Editor in Chief, "Motor Application and 
Maintenance Handbook," McGraw-Hill, 1969, Fig. 16, p. 2-39.  
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Carolina Power and Light Company 
CAR-2762-TP1 

1.0 Purpose 

To determine the validity of Ebasco's computerized auxiliary system 
analysis program for use in analyzing the adequacy of the on-site 
distribution of power. This validity will be determined by obtaining field 
measurements under controlled conditions and comparing these measurements 
with results calculated by Ebasco's computerized auxiliary system analysis 
program.  

2.0 Basic Requirements 

The basic requirements are summarized from a January 13, 1981 letter from 
the NRC to Carolina Power and Light Company: 

"With all the buses at least 40% loaded, measure and record the 
loads and impedances during steady state, starting of a large 
4160V motor and starting of a large Class IE motor. Use the 
measured values in the computer load flow programs and compare the 
calculated voltages to the actual voltages to develop a deviation 
value." 

S 3.0 Implementation 

The testing requirements as stated in Section 2.0 will be implemented by an 
operational test of the following buses (see Figure 1 for bus alignment): 

a - 4160 Volt Bus No. 1 

b - 4160 Volt Bus No. 2 

c - 480 Volt Bus No. 2 

d - 480 Volt Bus No. E-l* 

e - 480 Volt MCC No. 1 

f - 480 Volt MCC No. 5* 

g - 120/208 Volt MCC No. 10* 

h - Instrument Bus No. 1* 

* Denotes power supplies for Engineered Safety Features (ESF) equipment.  

Since the main concern for this test is the adequacy of the.on-site 
distribution of power from the off-site circuit, the preferred source of 
power for the above listed buses is Start-up Transformer No. 2-X-winding.  
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Carolina Power and Light Company 
CAR-2762-TP1 

This bus system is used because it represents a normally heavier loaded set 
of buses than the bus system powered from the Y-winding of Start-up 
Transformer No. 2.  

4.0 Assumptions 

The 40 percent bus loading requirement of Section 2.0 is assumed to pertain 
to the H. B. Robinson No. 2 auxiliary electrical system as follows: 

a - The X and Y-windings of Start-up Transformer No. 2 are loaded 
with a minimum of 40 percent of each windings 650C capacity.  
Since each winding is rated 24.6 MVA at 4368 volts (3252 
amperes), 40 percent of the 650 C capacity is 1301 amperes.  
Therefore this condition is satisfied as long as the ammeters 
on both X and Y-winding incoming breakers (52-12 and 52-17 
respectively) indicate a value of 1301 amperes or higher 
during the testing.  

b - 4160 Volt Bus No. 1 and No. 2 will be considered as one bus 
for the Degraded Voltage Study since the two buses are always 
operated with the bus tie breaker closed. Thus the 40 
percent bus loading requirement will apply to the total load 
of both buses.  

c - The 120 volt, 208 volt and 480 volt systems powered by Station 
Service Transformer 2A will also be considered as one bus.  
The 40 percent bus loading requirements will apply to: 1) The 
total forced cooled capacity (FA) of Station Service 
Transformer 2A. Since the transformer is rated 2000/2666 kVA 
AA/FA at 4160 volts (370 amperes), 40 percent of the forced 
cooled (FA) capacity is 148 amperes. Therefore this condition 
is satisfied as long as-the ammeter on 4160 Volt Breaker 52-13 
indicates a value of 148 amperes or higher during the 
testing. 2) The normal operating nameplate loads of ESF buses 
480 Volt Bus No. E-1 and 480 Volt MCC No. 5; and 3) All 
remaining buses shown on Figure 1 will not have minimum load 
requirements since 480 Volt Bus No. 1 and 480 Volt MCC No. I 
are non-saftey related, 120/208 Volt MCC No. 10 consists 
mainly of motor operated valves and 120 Volt Instrument Bus 
No. 1 consists primarily of small instrument power supply 
loads.  
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Carolina Power and Light Company 
CAR-2762-TP1 

5.0 Pre-Test Requirements 

5.1 Temporarily Installed Equipment Calibration 

Portable instrumentation (recording voltmeters, etc.) shall be checked for 
proper calibration prior to the operational test. For the rented test 
equipment, any certification is valid only if the calibration is completed 
within the past six months. The calibration date shall be indicated in the 
proper space on Form 9.4 attached.  

5.2 Test Equipment 

All portable instrumentation shall be installed prior to the operational 
test and receive a functional test to assure proper operation.  

Verified by and date Michael J. Hein 2/13/82 
I&C Name Date 

6.0 Operating Requirements 

6.1 Start-up Transformer No. 2 

During the operational testing, station auxiliary power shall be from the . 115kV Switchyard through Start-up Transformer No. 2.  

Verified by and date R. Garner 2/13/82 
Operations Date 

6.2 4160 Volt Buses No. 1 and No. 2 

4160 Volt Buses No. 1 and No. 2 shall be conected together by Tie Breaker 
52-10. 4160 Volt Bus No. 2 shall be connected to the X-winding of Start-up 
Transformer No. 2 by Breaker 52-12. Load current through Breaker 52-12 
shall not be less than 1301 amperes at any time during the operational 
test. In order to meet .this requirement, all of the following motors 
should be operating, however as a minimum three (3) of the following four 
(4) motors as indicated by an asterisk (*) shall be operating at all times 
(Steam Generator Feed Pump 2A is de-energized and will be used as the 
preferred starting motor): 
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Carolina Power and Light Company . CAR-2762-TP1 

Reactor Coolant Pump 2A * X 3 of 4 must be operating.  
Indicate which by ( X ) 

Reactor Coolant Pump 2C * X 

Condensate Pump 2A * X 

Circulating Water Pump 2A * X 

Heater Drain Pump 2A X 

Verified by and date R. Garner 2/13/82 

Operations Date 

The above loading is based upon motor nameplate values. No credit is taken 
at this point for any loading caused by: a) Steam Generator Feed Pump 2A, 
which is the starting motor and b) Station Service Transformer 2A and 2B, 
as these transformers will be used for margin. The total nameplate current 

of any three of the above four motors indicated by an asterisk (*) exceeds 
the 1301 ampere minimum requirement of the Start-up Transformer 2A and in 

addition represents 38 percent of the total connected load on 4160 Volt Bus 
No. 1 and No. 2.  . 6.3 4160 Volt Bus No. 3 

4160 Volt Bus No. 3 shall be connected to the Y-winding of Start-up 
Transformer No. 2 by Breaker 52-17. Load current through Breaker 52-17 
shall not be less than 1301 amperes at any time during the operational test.  

6.4 Station Service Transformer 2A 

Station Service Transformer 2A shall be energized by 4160 Volt Bus No. 2 
through Breaker 52-13. Load current through this breaker shall not be less 
than 148 amperes at any time during the operational test.  

6.5 480 Volt Bus No. 1 

480 Volt Bus No. 1 shall be energized by Station Service Transformer 2A 
through Breaker 52-1B and 52-2B. Since this is not an ESF bus, the only 
load requirement is that all normally connected loads are energized.  

6.6 480 Volt MCC No. 1 

480 Volt MCC No. 1 shall be energized from 480 Volt Bus No. 1 through 480 
Volt Breaker 52-3A. Since this is not an ESF bus, the only load 
requirement is that all normally connected loads are energized.  

11-4



Carolina Power and Light Company 
CAR-2762-TP1 

6.7 480 Volt Bus No. E-1 

480 Volt Bus No. E-1 shall be energized by Station Service Transformer 2A 
through 480 Volt Breakers 52-1B and 52-18B. In order to meet the 40 
percent bus loading requirement, all of the following motors should be 
operating, however as a minimum any four motors operating will satisfy the 
requirements (Auxiliary Feedwater Pump 2A is de-energized and will be used 
as the preferred starting motor): 

Containment Fan Cooler HVH-l X Indicate what is 
operating by a ( X ) 

Containment Fan Cooler HVH-2 X 

Service Water Pump 2A X 

Service Water Pump 2B X 

Component Cooling Pump 2B X 

Charging Pump 2B 

Verified by and date R. Garner 2/13/82 
Name Date 

Any four of the above motors (using nameplate data) equals or is greater 
than the 40 percent minimum loading of Station Services Transformer 2A 
alone and represents 36.6 percent of the total connected motor load. No 
credit is taken at this time for any loading caused by 480 Volt MCC No. 5, 
as this will be used for margin.  

6.8 480 Volt MCC No. 5 

480 Volt MCC No. 5 shall be energized from 480 Volt Bus No. E-1 through 480 
Volt Breaker 52-21A. In order to meet the 40 percent bus loading 
requirement, four of the following five devices shall be operating (Service 
Water Booster Pump 2A in de-energized and will be used as the preferred 
starting motor): 

Battery Charger 2A X Indicate what is operating 
by a ( X ) 

Exhaust Fan HVE-2A X 

CRD Fans HVH-5A X 
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Auxiliary Building Supply Fans HVS-l X 

Instrument Air Compressor 2A 

Verified by and date R. Garner 2/13/82 
Name Date 

Any four of the above loads (using nameplate data) equals or exceeds 
40 percent of the rating of the feeder cable to the MCC.  

6.9 120/208 Volt MCC No. 10 

120/208 Volt MCC No. 10 shall be energized from 480 Volt MCC No. 5A through 
480 Volt Breaker 4FR. As discussed in Section 4.0 (c), no minimum loading 
is required for this bus, as it consists mainly of motor operated valves.  
The largest normal load is a 3.9 Hp valve. Although no minimum loading is 
required, all normally energized loads should be operating.  

Verified by and date R. Garner 2/13/82 
Name Date 

6.10 Instrument Bus No. 1 

Instrument Bus No. 1 shall be energized from 480 Volt MCC No. 5 through 480 
Volt Breaker 2BL. As discussed in Section 4.0 (c), no minimum loading is 
required for this bus, as it consists mainly of 120 volt instrument power 
supplies. Although no minimum loading is required, all normally energized 
loads should be operating.  

7.0 Test Equipment and Location 

7.1 Temporarily Installed Test Equipment 

Temporarily installed test equipment such as recording voltmeters, 
recording power factor meters and portable multimeters will be used to 
indicate operating voltage and voltage drops on various buses during the 
operational testing, indicate Start-up Transformer No. 2 loading and 
indicate 4160 breaker amperes. These instruments shall be calibrated and 
installed prior to the operational testing according to Section 5.1. These 
instruments and their locations are identified on Figure 1 using the symbol 
RV for recording voltmeter, PF for recording power factor meter and A for 
portable multimeters.  
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Carolina Power and Light Company 
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7.2 Recording Voltmeters and Installation Information 

Recording voltmeters shall be Esterline Angus Model Number S22907. Control 
settings for all recording voltmeters are as follows: 

a) Chart speed range - CM/HR 

b) Chart speed - 10 

c) Operating voltage range - see Paragraphs 7.2.1 thru 7.2.8 

7.2.1 4160 Volt Bus No. 3 (RV1) 

Turn voltmeter switch on*4160'Volt Breaker Cubicle 52-18 to "Off" 

position. Connect the spade lugs from the ac terminal blocks on rear of 
recording voltmeter to the two studs on rear of voltmeter on 4160 Volt 
Breaker Cubicle 52-18. Operation voltage range is 0-150 Volts AC. Connect 
the portable recorder to a 115 volt ac supply, turn the chart drive switch 
to "On", and then turn the voltmeter switch on 4160 Volt Breaker Cubicle 
52-18 to #1, #2 or #3 position. The recorder pen should then deflect 
approximately 75 to 90 units on the chart. When installation is completed, 
turn chart drive switch to "Off".  

Verified by and date Michael J. Hein 2/13/82 

I & C Name Date 

7.2.2 4160 Volt Bus No. 2 (RV2) 

Same as Paragraph 7.2.1 except 4160 Volt Breaker Cubicle 52-11 is used.  

Verified by and date Michael J. Hein 2/13/82 
I & C Name Date 

7.2.3 480 Volt Bus No. 1 (RV3) 

Same as Paragraph 7.2.1 except 480 Volt Breaker Cubicle 52-1A is used.  

Verified by and date Michael J. Hein 2/13/82 
I & C Name Date 

7.2.4 480 Volt MCC No. 1 (RV4) 

Connect the two spade lugs from the ac terminal blocks on the rear of the 
recording voltmeter to two poles of the breaker in Compartment 3B. (Note: 
this breaker was observed previously as turned "Off" with no tag).  
Operating voltage range is 0-600 Volts AC. Connect the portable recorder 
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to a 115 volt ac supply, turn the chart drive switch to "On" and then turn 

the breaker in Compartment 3B to "On". The recorder pen should then 
deflect approximately 75 to 90 units on the chart. When installation is 
completed, turn chart drive switch to "Off".  

CAUTION: This device is connected to a 480 volt source. Plant safety 

requirements shall be followed and warning signs posted.  

Verified by and date Michael J. Hein 2/13/82 
I & C Name Date 

7.2.5 480 Volt Bus No. E-1 (RV5) 

Same as Paragraph 7.2.1 except 480 Volt Breaker Cubicle 52-17A is used.  

Verified by and date Michael J. Hein 2/13/82 
I & C Name Date 

7.2.6 480 Volt MCC No. 5 (RV6) 

Same as Paragraph 7.2.4 except that Compartment 5D is used. This breaker 
is for HVH-9A. Contact shift foreman prior to turning breaker off to 
connect recording voltmeter.  

O Verified by and date Michael J. Hein 2/13/82 
I & C Name Date 

CAUTION: This device is connected to a 480 volt source. Plant safety 
requirements shall be followed.  

7.2.7 120 Volt Instrument Bus No. 1 (RV7) 

Connect the two spade lugs from the ac terminal blocks on the rear of the 
portable recorder to a) any screw connection on the 120 volt energized bus 
and b) to a ground point in the panel. Caution must be taken as this bus 
is energized and cannot be de-energized. Operating voltage range is 0-150 
Volts AC. Connect the portable recorder to a 115 volt ac supply and turn 
the chart drive to "On". The recorder pen should then deflect to 
approximately 75 to 90 units on the chart. When installation is completed, 
turn chart drive switch to "Off".  

(will use Bus Number 6) 

Verified by and date Michael J. Hein 2/13/82 
I & C Name Date 
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7.2.8 120/208 Volt MCC No. 10 (RV8) 

Connect two spade lugs from the ac terminal block on the rear of the 
recording voltmeter to a) one phase of the breaker in Compartment 2J and 
b) to a ground point in Compartment 2J. Operating voltage range is 0-150 
Volts AC. Connect the portable recorder to a 115 volt ac supply, turns the 

chart drive switch to "On" and then turn the breaker in Compartment 2J to 
"On". The recorder should then deflect to approximately 75 to 90 units on 

the chart. When installation is complete turn chart drive switch to "Off".  

Verified by and date Michael J. Hein 2/13/82 
I & C Name Date 

7.3 Recording Power Factor Meter and Installation Information 

7.3.1 External input connections for the analog system are made to 
terminals located on the rear of the recorder case. Break the current loop 
to the in-plant ammeter by lifting either wire on the meter terminals.  
Connect the lifted wire to the + or A terminal on the power factor meter.  

Connect the - or A terminal of the power factor meter to the bare terminals 
of the meter.  

Current was taken from Cubicle 17. Connect the 120 volt voltage terminals 

of the power factor meter according to paragraph 7.2.1 i.e., 4160 volt 
breaker cubicle #18.  

'Verified by and date Michael J. Hein 2/13/82 
I & C Name Date 

7.3.2 Same as above 7.3.1 except Cubicle 11 and 12.  

Verified by and date Michael J. Hein 2/13/82 
I & C Name Date 

NOTE: If the chart recorder gives an exceptionally low reading, i.e.  
50% or below, reverse the voltage input to the meter.  

7.4 Portable Multimeters and Installation Information 

Portable multimeters with shunts will be used to measure current through 
4160 volt breakers. The portable multimeters shall be Fluke Model Number 
8040A. Control settings for all portable multimeters are as follows: 

a) AC/DC - AC 

b) Volts/Ourrent/OHMS - Volts 
c) Range - 200 RV 
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7.4.1 4160 Volt Ammeters (A) 

All ammeters using portable multimeter with shunts will be installed as 
follows: 

Shunts 

Two different shunts will be used. Three shunts will be 0-62.5 MV 

for 5 amperes and seven will be 0-50 MV for 5 amperes. All shunts 
will be installed by turning the appropriate ammeter switch to 
"Off", removing one wire terminal from the ammeter and intalling 
the shunt in series between the removed wire and the bare terminal 
on the ammeter.  

The 0-62.5 MV shunts will be installed in series with the ammeters 
in 4160 Breaker Cubicles 52-5, 52-6 and 52-14. The 0-50 MV shunts 
will be installed in series with the ammeter in 4160 Breaker 
Cubicles 52-1, 52-2, 52-3, 52-4, 52-12, 52-13 and 52-17.  

Verified by and date Michael J. Hein 2/13/82 
I & C Name Date 

Portable Multimeters 

The portable multimeters test leads will be connected from the 
portable multimeter to the connections on the shunts. Then 
connect the portable multimeter to a 120 volt ac source. The 
portable multimeter should then have an indication between 0 to 
100, depending on the status of the breaker and the load it is 
carrying.  

7.5 Miscellaneous Equipment 

7.5.1 The personnel responsible for making electrical connections for 
the instrumentation should keep sufficient quantity of flexible 
#16 wire (600V) with connection probes and standard cable lugs to 
terminate and/or connect instrumentation components.  

7.5.2 For emergency communication system four (4) radio sets should be 
kept ready for the test operation.  

7.5.3 Six (6) flash lights.  

7.5.4 Have rubber mats in front of the switchgear cabinets.  
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8.0 Test Procedure 

8.1 Starting Test 

Three (3) starting tests shall be conducted. Each test will consist of 
recording the necessary parameters prior to starting a motor and 
immediately after the motor is started. The following motors are 
designated as the preferred starting motors: 

a - Auxiliary Feedwater Pump 2A (350 Hp @ 460 v) 

b - Service Water Booster Pump 2A (150 Hp @ 460 v) 

c - Steam Generator Feed Pump 2F (6000 Hp @ 4160 v) 

If plant conditions do not allow the starting of any of the above motors, 
then another motor of the same size or the next largest motor can be 
started (on the same bus).  

Note: If a substitute motor is started, the operating requirement of 
Section 6.0 shall be reviewed to insure that the 40 percent minimum load 
requirements are met.  . 8.2 Records 

The test record for each motor starting is detailed in Section 9.0. All 
parts of all records must be completed to insure proper results for this 
testing.  

8.3 Test Instruments 

The test instruments shall be installed as detailed in Section 7.0. At 
least 30 minutes prior to any starting test, all test instruments shall be 
checked for proper settings as follows: 

Verified by and date Robert Forester 2/13/82 
I & C Name Date 

8.3.1 Voltage Recorders 

Power - On 
Chart Drive - On 

Chart Speed Range - CM/HR 
Chart Speed - 10 
Operating Voltage Range - 0-150* 

* Except RV4 and RV6 which will be set at 0-600 
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At this time the Range Switch shall be turned to "Off" with the pen 

returning to "zero". If not, use the zero adjustment to properly "zero" 
the recorder. Following this check, return the Range Switch to the proper 
position and adjust the hour marking on th'e chart to the proper time 
setting. The pen should be indicating approximately 80 units. Sign and 

date the chart when completed.  

Verified by and date Robert Forester 2/13/82 
I&C Name Date 

8.3.2 Recording Power Factor Meter 

Insure that Power Factor Records are inking and that zero adjustment is set.  

8.3.3 Portable Multimeters 

Power - On 

AC/DC - AC 

Volts/Current/OHMS - Volts 

Range - 200 MV 

At this time the portable multimeters shall be checked for proper operation.  

Verified by and date Robert Forester 2/13/82 
I&C Name Date 

8.4 Plant Operating Condition 

The preferred plant operating conditions are as follows: 

a - Bus alignment as indicated in Section 6.0 

b - Bus loading as indicated in Section 6.0 

c - Motor test in following order: 
i) Auxiliary Feedwater Pump 2A 

ii) Service Water Booster Pump 2A 
iii) Steam Generator Feed Pump 2A 

Verified by and date Michael J. Hein 2/13/82 
I&C Name Date 

Note:. The first two test motors should be started following the shutdown 
of Steam Generator Feed Pump 2A. Plant operating procedures required a 30 
minute rest period before restarting large mot6rs.  
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9.0 Testing Records 

Three operating tests are required to satisfy the intent of the Degraded 
Voltage Study. All blanks must be completed to insure proper results.  

9.1 Auxiliary Feedwater Pump 2A 

Ensure that the auxiliary system is aligned and operating as detailed in 
Section 6.0 and all test equipment connected and operating as detailed in 
Sections 5.0 and 7.0 (also ensure that all recorders have their chart drive 
running).  

9.1.1 Pretest Data 

Record all data indicated in Pretest Data Test on Form 9.1.  

9.1.2 Following all applicable plant operating and safety procedures, 
notify the shift foreman that he may start Auxiliary Feedwater Pump 2A, as 
plant conditions govern. Prior to starting the motor, he shall announce on 
the plant PA system that a test is in progress. When the pump is running 
at normal speed, immediately record all data indicated in Post Test Data on 
Test Form 9.1.  
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Starting Test 9.1 

Auxiliary Feedwater Pump 2A 
(Alternate None ) 

Pretest Data Post Test Data 

1. Day of Test 2-13-82 2-13-82 

2. Time of Test 5:53 PM 6:02 PM 

3. Reactor Power (%) 49.3% 49.0% 

4. Deleted 

Ph.1 Ph.2 Ph.3 Ph.1 Ph.2 Ph.3 
5. Switchyard Voltage kv 116 N/A N/A 116 N/A N/A 

6. 4160 Breaker 52-17 Amperes 30.72 31.25 30.55 30.80 31.33 30.55 

7. 4160 Breaker 52-1 Amperes 28.86 29.33 28.48 28.95 29.40 28.58 O 8. 4160 Breaker 52-2 Amperes 44.88 45.62 44.72 44.80 45.70 44.85 

9. 4160 Breaker 52-3 Amperes 0 0 0 0 0 0 

10. 4160 Breaker 52-4 Amperes 13.90 14.10 14.33 14.12 14.30 14.55 

11. 4160 Breaker 52-5 Amperes 40.50 40.90 39.95 40.65 41.05 40.05 

12. 4160 Breaker 52-6 Amperes 36.33 36.86 35.75 36.40 37.0 35.80 

13. 4160 Breaker 52-12 Amperes 30.15 30.65 29.73 30.60 31.10 30.08 

14. 4160 Breaker 52-13 Amperes 23.66 23.65 22.95 26.30 26.27 25.48 

15. 4160 Breaker 52-14 Amperes 45.99 46.80 45.60 46.00 46.95 45.60 

16. 480 Volt Bus No. E-1 Load Energized (Yes or No) 

a. HVH-1 (Breaker 52-19B) Yes Yes 

b. HVH-2 (Breaker 52-19C) Yes Yes 

FORM 9.1-1 
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Starting Test 9.1 (Continued) 

c. AFP-2A (Breaker 52-20A) No Yes 

d. SWP-2A (Breaker 52-20B) Yes Yes 

e. SWP-2B (Breaker 52-20C) Yes Yes 

f. 400V MCC 5 (Breaker 52-21A) Yes Yes 

g. CP-2B (Breaker 52-21B) No No 

h. CCP-2B (Breaker 52-22C) Yes Yes 

i. Other Loads (Identify) None None 

None None 

None None 

None None 

None None 

17. 480 Volt MCC No. 5 Load Energized (Yes or No) 

a. HVE-2A (Breaker 2M) Yes Yes 

b. 120 Volt Bus 1 (Breaker 2BL) Yes Yes 

c. HVH-5A (Breaker 3M) Yes 'Yes 

d. SWBP-2A (Breaker 4M) No No 

e. IAC-2A (Breaker 5M) No No 

f. HVS-1 (Breaker 5J) Yes Yes 

g. BC-2A (Breaker 9C) Yes Yes 

h. 120/208 MCC 10 (Breaker A4FR) Yes Yes 

FORM 9.1-2 
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Starting Test 9.1 (Continued) 

NOTE #1: Each "data recording personnel" shall initial each data entry 
above and also sign and initial once below.  

#1 Indru Narayani IN 
Signature Initials 

#2 Michael J. Hein MJH 
Signature Initials 

#3 Robert L. Forester _ _RLF 

Signature Initials 

#4 R. S. McGirt RSM 
Signature Initials 

NOTE #2: Following the recording of all of the above data, mark the data, 
time of day, the number 9.1 and sign each each of the eight 
recording voltmeter charts and two power factor charts showing 
the voltage changes.  

FORM 9.1-3 
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9.2 Service Water Booster Pump 2A 

Ensure that the auxiliary system is aligned and operating as detailed in 
Section 6.0 and all test equipment connected and operating as detailed in 
Sections 5.0 and 7.0 (also ensure that all recorders have their chart drive 
running).  

9.2.1 Pretest Data 

Record all data indicated in Pretest Data Test on Form 9.2.  

9.2.2 Following all applicable plant operating and safety procedures, 
notify the shift foreman that he may start Service Water Booster Pump 2A, 
as plant conditions govern. Prior to starting the motor, he shall announce 
on the plant PA system that a test is in progress. When the pump is 
running at normal speed, immediately record all data indicated in Post Test 
Data on Test Form 9.2.  
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Starting Test 9.2 

Service Water Booster Pump 2A 
(Alternate NONE ) 

Pretest Data Post Test Data 

1. Day of Test 2-13-82 2-13-82 

2. Time of Test 6:11 PM 6:18 PM 

3. -Reactor Power (%) 49.2% 49.9% 

4. Deleted 

Ph.l Ph.2 Ph.3 Ph.1 Ph.2 Ph.3 

5. SwitchyardVoltage 116 N/A N/A 115 N/A N/A 

6. 4160 Breaker 52-17 Amperes 30.85 31.40 30.60 30.85 31.40 30.69 

7. 4160 Breaker 52-1 Amperes 29.00 29.55 28.60 29.00 29.55 28.65 . 8. 4160 Breaker 52-2 Amperes 44.90 45.75 44.90 44.80 45.70 44.82 

9. 4160 Breaker 52-3 Amperes 0 0 0 0 0 0 

10. 4160 Breaker 52-4 Amperes 14.55 13.27 13.63 14.23 14.96 15.15 

11. 4160 Breaker 52-5 Amperes 40.75 41.15 40.05 40.80 41.20 40.20 

12. 4160 Breaker 52-6 Amperes 36.45 37.20 35.90 36.50 37.25 36.00 

13. 4160 Breaker 52-12 Amperes 30.65 31.10 30.15 30.70 31.20 30.30 

14. 4160 Breaker 52-13 Amperes 26.25 26.30 25.50 27.48 27.52 26.70 

15. 4160 Breaker 52-14 Amperes 46.35 46.95 45.70 46.20 47.00 45.75 

16. 480 Volt Bus No. E-1 Load Energized (Yes or No) 

a. HVH-1 (Breaker 52-19B) Yes Yes 

b. HVH-2 (Breaker 52-19C) Yes Yes 

FORM 9.2-1 
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Starting Test 9.2 (Continued) 

c. AFP-2A (Breaker 52-20A) Yes Yes 

d. SWP-2A (Breaker 52-20B) Yes Yes 

e. SWP-2B (Breaker 52-20C) Yes Yes 

f. 400V MCC 5 (Breaker 52-21A) Yes Yes 

g. CP-2B (Breaker 52-21B) No No 

h. CCP-2B (Breaker 52-22C) Yes Yes 

i. Other Loads (Identify) None None 

None None 

None None 

None None 

None None 

17. 480 Volt MCC No. 5 Load Energized (Yes or No) 

a. HVE-2A (Breaker 2M) Yes Yes 

b. 120 Volt Bus 1 (Breaker 2BL) Yes Yes 

c. HVH-5A (Breaker 3M) Yes Yes 

d. SWBP-2A (Breaker 4M) No Yes 

e. IAC-2A (Breaker 5M) No No 

f. HVS-1 (Breaker 5J) Yes Yes 

g. BC-2A (Breaker 9C) Yes Yes 

h. 120/208 MCC 10 (Breaker A4FR) Yes Yes 

FORM 9.2-2 
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Starting Test 9.2 (Continued) 

NOTE #1: Each "data recording personnel" shall initial each data entry 
above and also sign and initial once below.  

#1 Indru Narayani IN 
Signature Initials 

#2 Michael J. Hein MJH 
Signature Initials 

#3 Robert L. Forester RLF 
Signature Initials 

#4 R. S. McGirt RSM 
Signature Initials 

NOTE #2: Following the recording of all of the above data, mark the data, 
time of day, the number 9.1 and sign each each of the eight 
recording voltmeter charts.and two power factor charts showing 
the voltage changes.  

FORM 9.2-3 
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9.3 Steam Generator Feed Pump 2A 

Ensure that the auxiliary system is aligned and operating as detailed in 
Section 6.0 and all test equipment connected and operating as detailed in 
Sections 5.0 and 7.0 (also ensure that all recorders have their chart drive 
running).  

9.3.1 Pretest Data 

Record all data indicated in Pretest Data Test on Form 9.2.  

9.3.2 Following all applicable plant operating and safety procedures, 
notify the shift foreman that he may start Steam Generator Feed Pump 2A, as 
plant conditions govern. Prior to starting the motor, he shall announce on 
the plant PA system that a test is in progress. When the pump is running 
at normal speed, immediately record all data indicated in Post Test Data on 
Test Form 9.3.  
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Starting Test 9.3 

Steam Generator Feed Pump 2A 
(Alternate NONE ) 

Pretest Data Post Test Data 

1. Day of Test 2-13-82 2-13-82 

2. Time of Test 6:24 PM 6:32 PM 

3. Reactor Power (%) 49.6% 49.7% 

4. Deleted 

Ph.1 Ph.2 Ph.3 Ph.1 Ph.2 Ph.3 

5. Switchyard Voltage kV 115 N/A N/A 115 N/A N/A 

6. 4160 Breaker 52-17 Amperes - 30.80 31.40 30.80 28.75 29.30 28.60 

7. 4160 Breaker 52-1 Amperes 29.00 29.51 28.70 29.30 29.80 28.90 

* 8. 4160 Breaker 52-2 Amperes 45.25 46.12 45.20 45.35 46.15 45.40 

9. 4160 Breaker 52-3 Amperes 0 0 0 19.70 20.00 19.35 

10. 4160 Breaker 52-4 Amperes 14.25 14.00 14.00 13.25 13.22 13.36 

11. 4160 Breaker 52-5 Amperes 40.80 41.15 40.20 41.10 41.40 40.50 

12. 4160 Breaker 52-6 Amperes 36.70 37.32 36.15 37.00 37.70 36.50 

13. 4160 Breaker 52-12 Amperes 30.75 31.30 30.50 36.90 37.50 36.52 

14. 4160 Breaker 52-13 Amperes 27.75 27.80 26.90 27.78 27.75 26.90 

15. 4160 Breaker 52-14 Amperes 46.31 47.00 45.80 46.65 47.50 46.25 

16. 480 Volt Bus No. E-1 Load Energized (Yes or No) 

a. HVH-l (Breaker 52-19B) Yes Yes 

b. HVH-2 (Breaker 52-19C) Yes Yes 

FORM 9.3-1 

11-22



Carolina Power and Light Company 
CAR-2762-TP1 

Starting Test 9.3 (Continued) 

c. AFP-2A (Breaker 52-20A) Yes Yes 

d. SWP-2A (Breaker 52-20B) Yes Yes 

e. SWP-2B (Breaker 52-20C) Yes Yes 

f. 400V MCC 5 (Breaker 52-21A) Yes Yes 

g. CP-2B (Breaker 52-21B) No No 

h. CCP-2B (Breaker 52-22C) Yes Yes 

i. Other Loads (Identify) None None 

None None 

None None 

None None 

None None 

17. 480 Volt MCC No. 5 Load Energized (Yes or No) 

a. HVE-2A (Breaker 2M) Yes Yes 

b. 120 Volt Bus 1 (Breaker 2BL) Yes Yes 

c. HVH-5A (Breaker 3M) Yes Yes 

d. SWBP-2A (Breaker 4M) Yes Yes 

e. IAC-2A (Breaker 5M) No No 

f. HVS-1 (Breaker 5J) Yes Yes 

g. BC-2A (Breaker 9C) Yes Yes 

h. 120/208 MCC 10 (Breaker A4FR) Yes Yes 

FORM 9.3-2 
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Starting Test 9.3 (Continued) 

NOTE #1: Each "data recording personnel" shall initial each data entry 
above and also sign and initial once below.  

#1 Indru Narayani IN 
Signature Initials 

#2 Michael J. Hein MJH 
Signature Initials 

#3 Robert L. Forester RLF 
Signature Initials 

#4 R. S. McGirt RSM 
Signature Initials 

NOTE #2: Following the recording of all of the above data, mark the data, 
time of day, the number 9.1 and sign each each of the eight 
recording voltmeter charts and two power factor charts showing 
the voltage changes.  

FORM 9.3-3 
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Test Equipment Calibration Data 

Symbol Type Serial Number Calibration Date 

RV1 EA #MS411B GE093689 2-08-82 

RV2 EA IfMS411B GE093699 2-08-82 

RV3 EA #MS411B GE093686 2-08-82 

RV4 EA #MS411B GE093685 2-08-82 

RV5 EA #MS411B GE093691 2-08-82 

RV 6 EA #MS411B GE093697 2-08-82 

RV7 EA #MS411B GE093688 2-08-82 

RV8 EA #MS411B GE093666 2-08-82 

PF1 EA #A601C GE092059 11-06-81 

PF2 EA #A601C GE092120 10-06-81 

. A (52-1) Fluke 8040A GE042067 2-09-82 

A (52-2) Fluke 8040A GE047110 2-09-82 

A (52-3) Fluke 8040A GE041588 2-09-82 

A (52-4) Fluke 8040A GE042452 2-09-82 

A (52-5) Fluke 8040A GE047013 2-08-82 

A (52-6) Fluke 8040A GE047106 . 2-09-82 

A (52-12) Fluke 8040A GE092509 2-08-82 

A (52-13) Fluke 8040A GE047015 2-09-82 

A (52-14) Fluke 8040A GE041587 2-10-82 

A (52-17) Fluke 8040A GE042449 2-10-82 

Signature Robert L. Forester 2-13-82 
Data Recorder. Date 

FORM 9.4-1 
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Transformer Tap Data 

1. Start-Up Transformer No. 2 
High Voltage Tap Setting No change from original 

installation 

2. Station Service Tranformer No. 2A 
High Voltage Tap Setting 3 

Signature Robert L. Forester 2/13/82 
Data Recorder Date 

FORM 9.5 
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10.0 Disconnections 

After test is complete disconnect all portable test equipment and close 
cubical doors. Ensure panel meters are in off position prior to 
disconnecting portable meters.  

Verified by and date Michael J. Hein 2/13/82 
I&C Name Date 

Shift Foreman informed test equipment removed.  

Verified by and date Dave Segal 2/13/82 
Shift Foreman Date 
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B. IN-PLANT TEST PROCEDURE TP-2 

CAROLINA POWER AND LIGHT COMPANY 

H. B. ROBINSON - 2 

IN-PLANT POWER FACTOR 
AND HARMONIC DISTORTION 

TEST PROCEDURE 
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1.0 PURPOSE 

The purpose of the test procedure is as follows: 

.1 To obtain measurements of power factor on safety related buses of 
the H.B. Robinson Unit No. 2 auxiliary electrical system to 
substantiate assumptions made for the computer simulation of test 
results obtained on 2/13/82.  

.2 Obtain load (ampere) measurements on safety related buses to 
verify that power factor measurements are taken at approximately 
the same auxiliary load as recorded during the 2/13/82 test, that 
is, the same auxiliary load corresponding to 50 percent reactor 
power.  

.3 Obtain steady-state voltage measurements in safety related buses 
to verify that power factor measurements are taken at 
approximately the same bus voltages recorded on 2/13/82.  

4. Measure harmonic voltage distortion on the safety related buses to 
determine its magnitude and probable effects.  

. 2.0 BASIC REQUIREMENTS 

To verify assumed values of power factor, field measurements of power 
factors are required at the following buses: 

Bus Inst. ID 
4160V Bus No. 2 PF-1 
480V Bus No. El PF-2 
480V MCC No. 1 PF-3 
480V MCC No. 5 PF-4 

The electrical loads on these buses must duplicate the conditions that 
existed during the 2/13/82 test, i.e., 50 percent reactor power.  

In addition, a harmonic analysis of the voltage wave form will be made at 
each of the above stated buses.  

3.0 IMPLEMENTATION 

The data required as stated in Section 2.0 above will be obtained on the 
following buses: 
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.1 Power Factor Meters (Recorder) 
Inst ID. Bus No. Location of Instrument close to 

PF-1 4160 Volt Bus No. 2 Cubicle No. 12 
PF-2 480 Volt Bus No. El Cubicle No. 18B 
PF-3 480 Volt MCC No. 1 Reactor Cubicle 
PF-4 480 Volt MCC No. 5 Reactor Cubicle 

.2 Ampere Meters (Recorder) 

RA-1 4160 Volt Bus No. 2 Cubicle No. 12 
RA-2 4160 Volt Bus No. 2 Cubicle No. 13 
RA-3 480 Volt Bus No. El Cubicle No. 18B 
RA-4 480 Volt Mcc No. E5 Reactor Cubicle 

RA-5 120/208 Volt MCC No.10 Distribution transformer at 
MCC 5 

RA-6 120 Volt Inst. Bus No.1 Incoming Feed 

.3 Voltmeters (Recorder) 

RV-1 4160 Volt Bus No. 2 Cubicle No. 12 
RV-2 480 Volt MCC No. 5 Reactor Cubicle 

.4 Harmonic Analyzer/Detector 

480 volt Bus No. 1 Cubicle No. 52-2B 

480 Volt Bus No. El Cubicle No. 52-18B 
480 Volt MCC No. 1 Reactor Cubicle 
480 Volt MCC No.. 5 Reactor Cubicle 
120/208 Volt MCC No. 10 Incoming Feeder terminals 
120 Volt Inst. Bus No. 1 Incoming Feeder terminals 

Instruments listed in Sections 3.1, 3.2 and 3.3 shall be connected 
to the buses as listed above prior to or during start-up of the 
plant.  

One (1) Harmonic Detector shall be used to take readings at the 
buses when reactor is at 50 percent power.  
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4.0 PRE-TEST REQUIREMENTS 

4.1 Instrument Calibration 

All portable instruments shall be calibrated by the rental agency 

specifically for H.B. Robinson Unit No. 2 "In Plant Test". The certificate 
of calibration shall be checked prior to installation of the instruments 
and shall be recorded in the proper space on attached Form 9.4.  

4.2 Test Equipment 

All portable instrumentation shall be placed close to the cubicles for 
connections as shown on Sketch CAR 2762 E3 prior to or during the start-up 
of the plant. The installation and functional operation of instruments 
shall be verified by a person other than the installer by signing in the 
proper space provided.  

Operation 
Installation Verified 

Instrument By (I&C) Name/Date By Name/Date 

4.2.1 Power Factor Meter PF-1 L. Smith 8/21/82 Michael J. Hein 8/21/82 
4.2.2 Power Factor Meter PF-2 L. Smith 8/21/82 Michael J. Hein 8/21/82 
4.2.3 Power Factor Meter PF-3 L. Smith 8/21/82 Michael J. Hein 8/21/82 
4.2.4 Power Factor Meter PF-4 L. Smith 8/21/82 Michael J. Hein 8/21/82 
4.2.5 Ampere Meter RA-1 L. Smith 8/21/82 Michael J. Hein 8/21/82 
4.2.6 Ampere Meter RA-2 L. Smith 8/21/82 Michael J. Hein 8/21/82 
4.2.7 Ampere Meter RA-3 L. Smith 8/21/82 Michael J. Hein 8/21/82 
4.2.8 Ampere Meter RA-4 L. Smith 8/21/82 Michael J. Hein 8/21/82 
4.2.9 Ampere Meter RA-5 L. Smith 8/21/82 Michael J. Hein 8/21/82 
4.2.10 Ampere Meter RA-6 L. Smith 8/21/82 Michael J. Hein 8/21/82 
4.2.11 Voltmeter RV-1 L. Smith 8/21/82 Michael J. Hein 8/21/82 
4.2.12 Voltmeter RV-2 L. Smith 8/21/82 Michael J. Hein 8/21/82 
4.2.13 Harmonic Detector HD-l C. Price 8/26/82 Michael J. Hein 8/26/82 

5.0 OPERATING REQUIREMENTS 

5.1 Start-Up Transformer No. 2 

During the operational testing, station auxiliary power source shall be 
from the 115kV switchyard through Start-Up Transformer No. 2.  

Verified by and date D. McCaskill 8/26/82 
(Operations) Name - Date 
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5.2 4160 Volt Bus Nos. 1 and 2 

4160 Volt Bus Nos. 1 and 2 shall be connected together by Tie Breaker No.  
52-10. 4160 volt Bus No. 2 shall be connected to the X-winding of Start-Up 
Transformer No. 2 by Breaker No. 52-12.  

Verified by and date D. McCaskill 8/26/82 
(Operations) Name Date 

5.3 4160 Volt Bus No. 3 

4160 Volt Bus No. 3 shall be connected to the Y-Winding of Start-Up 
Transformer No. 2 by Breaker No. 52-17.  

Verified by and date D. McCaskill 8/26/82 
(Operations) Name Date 

5.4 480 Volt Bus No. 1 and El 

480 Volt Bus Nos. 1 and El shall be connected in the normal mode of 
operation to Station Service Transformer 2A.  

Verified by and date D. McCaskill 8/26/82 
(Operations) Name Date 

5.5 480 Volt MCC Nos. 1 and 5 

480 Volt MCC Nos. 1 and 5 shall be connected 480 Volt Bus No. I and El, 
through breakers 52-3A and 52-21A respectively.  

Verified by and date L. Wiegand 8/26/82 
(Operations) Name Date 

5.6 120 Volt MCC and Instrument Bus Nos. 10 and 1 

120/208 Volt MCC No. 10 and 120 Volt instrument bus No. 1 shall be 
connected to 480 Volt MCC No. 5 through breakers 4FR and 2BL respectively.  

Verified by and date L. Wiegand 8/26/82 
(Operations) Name Date 

5.7 Obtain shift Foreman's approval before starting hookup in 
Section 6.0.  

J. Allen 8/21/82 
Shift Foreman Date 
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6.0 TEST EQUIPMENT 

.1 Recording power factor meters shall be an Esterline Angus model 
No. 601C. The recorders shall be connected and the set points 
shall be adjusted as follows: 

a. 4160 Volt Bus No. 1 Cubicle No. 12 (PF-1) 

Connections: External input connections for the anolog 
system are made to terminals located on the rear of the 
recorder case.  

Turn the ammeter switch located on the switchgear cubicle 
(52-12) panel to "off" position.  

Break the current loop to the ammeter of cubicle (52-12) by 
lifting either wire on the meter terminals.  

Connect the lifted wire to the + or A' terminal on the power 
factor recorder (PF-1).  

Connect the - or A terminal of the power factor meter to the 
bare terminal of the ammeter located on cubicle (52-12) panel.  

Connect the voltage terminals of the power factor meter to 
the voltmeter terminals located on cubicle (52-11) panel.  
Connect chart drive power (power cord) to the external 120 
volt ac power supply.  

Verified by and date Boyce McLester 8/21/82 
(I & C) Name Date 

b. 480 Volt Bus No. El Cubicle No. 18B (PF-2) 

Connections: External input connections for the anolog 
system are made to terminals located on the rear of the 
recorder case.  

Install clamp-on or split core type current transformer 
(3000-5 amp) Model No. AEMC 3035 at the transition bus E-1, 
located at the back side of the instrument cubicle No. 52-17A 
of 480 volt bus No. 1.  
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If clamp-on or split core C.T. cannot be installed at the 
transition bus, the standard bus C.T. may be installed at the 
breaker No. 52-18B. In such case the power factor recorder 
PF-2 and ampere recorder RA-3 shall be installed in series 
with the standard bus C.T. and therefore only one C.T. will 
be required.  

Connect 5 amp C.T. leads to A and A' terminals of the power 
factor meter (PF-2). Connect voltage terminals of the power 
factor meter to the 480 volt bus in cubicle (52-18B).  
Connect chart drive powei (power cord) to the external 120 
volt ac power supply.  

Verified by and date Jack Windham 8/26/82 
(I & C) Name Date 

c. 480 Volt MCC No. 1 (PF-3) 

Connections: External input connections for the analog 
system are made to terminals located on the rear of the 
recorder case.  

Install split core current transformer (1000-5 amp) Model No.  
ANNIS A-1000 around Phase "A" of the feed cable for 480 volt 
MCC No. 1 located in the overhead tray. The power factor 
meter (PF-3) should be located in the proximity of the C.T.  
location to minimize length of C.T. leads. Connect 5 amp 
C.T. leads to A and A' terminals of the power factor recorder 
(PF-3).  

Connect voltage terminals of the power factor recorder to the 
480 volt bus (phase A and B) of the reactor.  

Connect chart drive power (power cord) to the external 120 
volt ac power supply.  

Verified by and date L. Held 8/21/82 
(I & C) Name Date 

d. 480 Volt MCC No. 5 (PF-4) 

Connections: External input connections for the.analog 
system are made to terminals located on the rear of the 
recorder case.  
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Locate existing junction box above current limiting reactor 
cubicle of MCC No. 5. Open the junction box and locate cable 
C21043A and G (2-1/c 500 MCM RHW insulated cables). Locate 
black color phase cables. Two black color cables come to a 
common point near the bottom of the junction box. Place 
split core current transformer Model No. ANNIS A-1000 around 
both black cables at this point. If the split core C.T. can 
not be installed due to the space restriction at this place, 
install the C.T. in the tray where cable is accessible. The 
power factor recorder should be located in the proximity to 
minimize the length of C.T. leads. Connect 5 amp C.T. leads 
to A and A' terminals of the power factor recorder (PF-4).  

Connect voltage terminals of the power factor recorder to the 
480 volt bus (phase A & B) terminals of the reactor for 
MCC No. 5.  

Connect chart drive power (power cord) to the external 120 
volt ac power supply.  

Verified by and date L. Held 8/21/82 
(I & C) Name Date 

Caution: 

1. All current transformer secondary terminals shall be 
kept shorted if C.T. is to be left on an energized bus.  

2. The clamp-on type C.T.s are equipped with secondary 
terminals for banana plugs. These plugs shall be 
secured by additional means to prevent accidental 
removal of the plugs while clamp-on C.T. is installed on 
an energized bus.  

.2 Recording ampere meters RA-1, RA-2 and RA-3 shall be Esterline 
Angus model No. A601C. The recorders shall be connected and the 
set points shall be adjusted as follows: 

a. 4160 Volt Bus No. 2 Cubicle No. 12 (RA-1) 

Connections: External input connections for the analog 
system are made to terminals located on the rear of the 
recorder case.  

Locate the recorder close to the power factor recorder (PF-1) 
connected in accordance with Paragraph 6.1(a).  
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Turn ammeter switch located on the cubicle (52-12) panel to 
"off" position.  

Disconnect wire at terminal (- or A) of power factor meter 
(PF-1) and connect this wire to the terminal (- or A) of 

ampere recorder RA-1.  

Connect jumper wire from (- or A) terminal of power factor 

meter (PF-1) to the (+ or A') terminal of ampere recorder 
(RA-1).  

Connect chart drive power (power cord) to the external 120 
volt ac power supply.  

Verified by and date Boyce McLester 8/21/82 
(I & C) Name Date 

b. 4160 Volt Bus No. 2 Cubicle No. 13 (RA-2) 

Connections: External input connections for the analog 

system are made to terminals located on the rear of the 
recorder case.  

Turn the ammeter switch located on the switchgear cubicle (52 
- 13) panel to "off" position.  

Break the current loop to the ammeter of cubicle (52 -, 13) by 
lifting either wire on the meter terminals.  

Connect the lifted wire to the + or A' terminal on the ampere 
recorder (RA-2).  

Connect the - or A terminal of the ampere recorder (RA-2) to 
the bare terminal of the ampere meter on the cubicle (52 
13) panel.  

Connect chart drive power (power cord) to the external 120 
volt ac power supply.  

Verified by and date Boyce McLester 8/21/82 
(I & C) Name Date 

c. 480 Volt Bus No. El Cubicle No. 52-18B (RA-3) 

External input connections for the analog system are made to 
terminals located on the rear of the recorder case.  

11-37



Carolina Power & Light Company 
CAR-2762-TP2 

Install clamp-on type fully insulated current transformer 
(3000 - .5 amp) Model No. AEMC 3035 close to the clamp on C.T.  
installed for (PF-2) as described in Paragraph 6.1 (b).  

Connect 5 amp C.T. leads to terminals A and A' located on the 
ampere recorder (RA-3) 

Connect chart drive power (power cord) to the external 120 
volt ac power supply.  

Verified by and date Jack Windham 8/21/82 

(I & C) Name Date 

d. 480 Volt MCC No. 5 (RA-4) 

Recording ampere meters RA-4, RA-5 and RA-6 shall be 
Esterline Angus Model No. S22907. The recorders shall be 
connected and the set points shall be adjusted as follows: 

Connections: External input connections for the analog 
system are made to terminals located on the rear of the 
recorder case.  

Install clamp-on type fully insulated current transformer 
furnished with the recorder around one phase of the feed 
cable for 480 volt MCC No. 5 close to the C.T. installed for 
power factor recorder (PF-4) as described in Paragraph 6.1(d) 

Connect plug-in connector of CT cable to the recorder (RA-4) 
C.T. input terminals.  

Connect chart drive power (power cord) to the external 120 
volt ac power supply.  

Verified by and date D. Meredith 8/22/82 
(I & C) Name Date 

e. 120/208 Volt MCC No. 10 (RA-5) 

Connections: External input connections for the analog 
system are made to terminals located on the rear of the 
recorder case.  

For installing current transformer for 120/208 volt MCC #10, 
go to MCC No. 5. Locate MCC No. 10 breaker cubicle (located 
at the far right side of the MCC No. 5. 45 KVA transformer 
feeding MCC No. 10 is located directly below the feeder 
breaker.  
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Open transformer cubicle and locate middle transformer (3-15 
KVA single phase transformers are connected for 3-phase 
service).  

Locate 1/0 mineral insulated cable with black tape connected 
to the secondary of the transformer.  

Install clamp on current transformer furnished with the 
recorder AEMC 1035 around this cable about 3" from the splice.  

Connect plug-in connector of C.T. cable to the recorder RA-5 
C.T. imput terminals.  

Connect chart drive power (power cord) to the external 120 
volt ac power supply.  

Verified by and date D. Meredith 8/22/82 
(I & C) Name Date 

f. 120 Volt Instrument Bus No. 1 (RA-6) 

Connections: External input connection for the analog system 
are made to terminals located on the rear of the recorder 
case.  

Remove outside panel cover of the Instrument Bus No. 1 and 
locate breaker tagged "L-1".  

Follow 1/0 black cable from breaker L-1 to exit condulet on 
right side of the panel.  

Install clamp-on type current transformer furnished with the 
recorder around this cable close to the condulet.  

Connect plug-in connector of C.T. cable to the recorder RA-6 
C.T. input terminals.  

Connect chart drive power (power cord) to the external 120 
volt ac power supply.  

Verified by and date - Jack Windham 8/21/82 
(I & C) Name Date 
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.3 Recording voltmeters shall be Esterline Angus model No. S22907.  
The recorders shall be connected and adjusted the set points as 
follows: 

a. 4160 Volt Bus No. 2 Cubicle No. 12 (RV-1) 

Connections: Turn voltmeter switch on 4160 volt breaker 
cubicle (5'2-12) to "off" position.  

Connect the spade lugs from the ac terminal blocks on .rear of 
recording voltmeter to the two studs on near of the voltmeter 

on 4160 volt breaker cubicle (52-12).  

Connect chart drive power (power cord) to the external 120 

volt ac power supply.  

Verified by and date Boyce McLester 8/21/82 

(I & C) Name Date 

b. 480 Volt MCC No. 5 Reactor Cubicle (RV-2) 

Connect voltage terminals of the recording voltmeter (R7-2) 
located on rear of the recorder to 480 volt bus phase A & B 
terminals at the reactor cubicle of MCC No. 5.  

Connect chart drive power (power cord) to the external 120 
volt ac power supply.  

Verified by and date D. Meredith 8/22/82 
(I & C) Name Date 

.4 The spectrum analyzer will be Hewlett Packard and Model No. 3580A 
and will be used to detect the harmonic distortion on the 
following buses: 

480 volt Bus No. 1, 480 volt Bus No. El, 480 volt MCC No. 1, 
480 volt MCC No. 5 and 120/208 volt MCC No, 10.  

There will be one spectrum analyzer which will be used to de.tect 
the harmonic distortion on the buses as listed above and other 
suspected buses as determined by the testing engineer.  

Use following procedure for making connections at each bus.  
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Connections: 

1. Check the external power supply line voltage.  

2. Check the voltage rating of the analyzer at the rear of 
the unit near fuse block.  

3. If the line voltage is different than the rating visible 
on Pc card, then pull the fuse out and align correct 
side of the dc board to show correct line voltage to be 
applied.  

4. Install correct fuse type.  

For 120 volt ac operation use 0.5A, 250V fuse HP part 
No. 2110-0012.  

5. Connect the detachable ac power cord to the rear panel 
power receptacle and to the power source.  

6. Connect voltage devider probe assembly to the bus at a 
convenient place.  

7. Adjust the probe for optimum frequency response in 
accordance with the instruction manual.  

7.0 TEST PROCEDURE 

At least 60 minutes prior to reaching 50 percent reactor power, initialize 
all instruments, set time of day on charts and check for proper setting as 
follows: 

.1 Power Factor Recorders 

Power - On 

Chart Drive - On 
Chart Speed Range - HR 
Chart Speed - 12 inch per hr. (Preset) 

If the chart recorder gives an exceptionally low reading i.e., 
50 percent or below, reverse the voltage input to the meter.  

Verified by, time and date C. Price 1008 8/26/82 
(I & C) Name Time Date 
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.2 Ampere Recorders (Model #601C) 

Power - On 

Chart Drive - On 
Chart Speed Range - HR 

Chart Speed - 12 inch per hr. (Preset) 

Verified by, time and date C. Price 1008 8/26/82 
(I & C) Name Time Date 

Ampere Recorders (Model #S22907) 

Power - On 

Chart Drive - On 

Chart Speed Range - HR 

Chart Speed - 12 inch per hr.  
Operating Range - 0-500 amps 

.3 Voltage Recorders 

Power - On 
Chart Drive - On 
Chart Speed Range - HR 
Chart Speed - 12 inch per hr.  

Verified by, time and date C. Price 1008 8/26/82 
(I & C) Name Time Date 

.4 Spectrum Analyser 

For operation on the 10 Hz, 30 Hz, 100 Hz of 300 Hz Bandwidth 
proceed as follows: 

a. Turn the instrument on (Paragraph 3-192).  

b. Set the 3580A controls in accordance with Section 3 Pages 3-1 
through 3-30 of the instruction manual.  

c. Using the adaptive sweep control, set the baseline threshold 
to -60 dB on the display.  
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d. Using a small screwdriver, adjust the front panel CAL 10 kHz 
potentiometer so that the peak of the 10 kHz response is 
exactly full scale.  

e. Set the amplitude mode to Log 1 dB/Div. Using the adaptive 
sweep control, set the baseline threshold tothe bottom of the 
display. Repeat Step d.  

.5 Record time when reactor is at 10 percent power.  

Time 23 Hr 00 Min. PM 

Verified by and date Michael J.Hein 8/25/82 
(I & C) Name Date 

.6 Record time when reactor is at 50 percent power.  

Time 10 Hr 00 Min. AM 

Verified by and date Michael J. Hein 8/26/82 
(I & C) Name Date 

.7 Connect the Spectrum Analyser to each of the following buses and 
record the reading in the sequence listed below: 

Bus Distortion Reading 
Frequency Amplitude 

a. 480 Volt Bus No. 1 60 - 1 
180 0 
180 0 
180 0 
180 0 
180 0 
180 0 
180 0 

b. 480 Volt Bus No. El 60 1 (Reference) 
180 .075 
300 .04 
420 0 
540 0 
540 0 
540 0 
540 0 
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Bus Distortion Reading 
Frequency Amplitude 

c. 480 Volt MCC No. 1 60 1 
120 .05 
180 .02 
300 .03 
420 0 
540 0 
600 0 

d. 480 Volt MCC No. 5 60 1 
180 .01 
300 .02 
420 .005 
540 0 
600 0 
600 0 
600 0 

e. 120/208 Volt MCC No. 10 60 1 
180 0 
180 0 
180 0 
180 0 
180 0 
180 0 
180 0 

f. 120 Volt Inst. Bus No. 1 60 1 
180 .02 
300 .02 
420 .01 
540 .01 
540 0 
540 0 
540 0 

Verified by and date C. Price 8/26/82 
(I &C) Name Date 
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8.0 REVIEW TEST RESULTS FOR ERRONEOUS READINGS: 

Verified by and date Michael J. Hein 8/26/82 
(I & C) Name Date 

9.0 DISCONNECTION AND REMOVAL OF TEMPORARY INSTRUMENTS 

All portable instruments shall be disconnected and the plant 
permanent instruments shall be connected for normal operation as 
follows: 

9.1 Recorders 

PF-1 
a. Turn power off for recorders PF-1, RA-1 and RV-1 and lift ink 

pens to avoid spreading of excess ink on the chart paper.  

b. Remove chart of PF-1 and at the bottom of chart write the 
following: 

Bus Identification 4160 V Bus No. 2 
Cubicle No. 11 & 12 
Recorder Serial No. 093375 

c. Turn the ammeter switch located on the switchgear-cubicle 
(52-12) panel to "OFF" position.  

d. Disconnect wire at - or A terminal on the ammeter recorder 
(RA-1) and at the ammeter terminal located on the cubicle 
panel.  

e. Disconnect wire at + or A' terminal on the power factor 
recorder (PF-1) and connect this wire to the bare ammeter 
terminal located on the cubicle panel.  

f. Check both ammeter terminals which are now connected.to the 
ammeter switch terminals as they were orininally connected.  

g. Turn ammeter switch to phase "A" position and see the meter 
recording.  

Caution: If there is no movement on the panet ammeter turn the 
switch to "OFF" position immediately and recheck the ammeter 
connections to the ammeter switch.  
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h. Turn the voltmeter switch to "OFF" position.  

i. Disconnect external wires at the voltmeter terminals located 
on cubicle (52-11) panel.  

j. Disconnect wires at the voltage terminals of the recorders 
(PF-1 and RV-1).  

k. Check the normal operation of the voltmeter and ammeter.  

1. When satisfied with the normal operation of the panel meters, 
close the cubicle panel and secure it for normal operation.  

Verified by and date L. Smith 8/26/82 
(I & C) Name Date 

PF-2 

a. Turn power off and lift ink pen to avoid spreading of excess 
ink on the chart.  

b. Remove chart and at the bottom of the chart write the 
following: 

Bus Identification 480 V Bus No. El 
Cubicle No. 18B 

Recorder Serial No. 092059 

c. Remove clamp-on type fully insulated C.T. installed at the 
480 volt transition bus in the cubicle 52-18B.  

d. Remove banana clips from current transformer.  

e. Disconnect C.T. leads at the back of the recorder.  

f. Disconnect external wires at the 480 volt bus located on the 
back side of cubicle (52-18B) panel.  

g. Disconnect wires at the voltage terminals of the recorder.  

h. Check the normal operation of the voltmeter.  

i. When satisfied with the normal operation of the voltmeter, 
close the cubicle panel and secure it for normal operation.  

Verified by and date L. Smith 8/26/82 
(I & C) Name Date 
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PF-3 

a. Turn power off and lift ink pen to avoid spreading of excess 
ink on the chart paper.  

b. Remove chart and at the bottom of the chart write the 
following: 

Bus Identification MCC No. 1 
Cubicle No. Reactor Cubicle 
Recorder Serial No. 092119 

c. Remove split core C.T. from the cable in the tray.  

d. Remove wires from the C.T. and the back of the recorder at 
terminals A and A'.  

e. Disconnect voltage supply wires connected at the 480 volt bus 
(Phase A and B) terminals.  

f. Disconnect wires at the voltage terminals of the recorder.  

g. Close and secure the cubicle for normal operation.  

Verified by and date L. Smith 8/26/82 
(I & C) Name Date 

PF-4 

a. Turn power off for PF-4 and RV-2, and lift ink pen to avoid 
spreading of excess ink on the chart paper.  

b. Remove chart and at the bottom of the chart write the 
following: 

Bus Identification MCC No. 5 
Cubicle No. Reactor Cubicle 
Recorder Serial No. 091744 

c. Remove all clamp on C.T.'s from reactor cubicle cables.  

d. Remove wires from the C.T. and the back of the recorder at 
terminals A and A'.  

e. Disconnect all voltage supply wires for PF-4 and RV-2 at the 
reactor terminals of MCC #5.  
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f. Disconnect wires at the voltage terminals of the recorder 
PF-4.  

g. Close and secure the cubicle for normal operation.  

Verified by and date Michael J. Hein 8/26/82 
(I & C) Name Date 

RA-1 

a. Remove chart and at the, bottom of the chart write the 
following: 

Bus Identification 4160 V Bus No. 2 
Cubicle No. 12 
Recorder Serial No. 092925 

Verified by and date Michael J. Hein 8/26/82 
(I & C) Name Date 

RA-2 

a. Turn power off and lift ink pen to avoid spreading of excess 
ink on the chart.  

b. Remove chart and at the bottom of the chart write the 
following: 

Bus Identification 4160 V Bus No. 2 
Cubicle No. 13 
Recorder Serial No. 090414 

c. Turn ammeter switch located on the cubicle (52-13) panel to 
"OFF" position.  

d. Disconnect - or A terminal of the recorder and the external 
wire at the ammeter terminal.  

e. Disconnect + or A' terminal of the recorder and connect this 
lifted wire to the bare terminal of the ammeter located at 
the switchgear cubicle.  

f. Check the ammeter terminals which are now connected as they 
were originally.  
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g. Turn the ammeter switch to phase "A" position and see the 
meter reading.  

Caution: If there is no movement of the panel ammeter, turn the 
switch to "OFF" position immediately and recheck the ammeter 
connections to the ammeter switch.  

h. Close and secure the panel for normal operation..  

Verified by and date L. Smith 8/26/82 
(I & C) Name Date 

RA-3 

a. Turn power off and lift ink pen to avoid spreading of excess 
ink on the chart paper.  

b. Remove chart and at the bottom of the chart write the 
following: 

Bus Identification Bus El 
Cubicle No. 18B 
Recorder Serial No. -090415 

c. Remove clamp on type C.T. from the 480 volt bus at the 
cubicle (52-18B).  

d. Remove banana clips from the C.T. and C.T. leads from the 
back of the recorder terminals A and A'.  

e. Close and secure the cover plate on the transition bus of 
Bus #El Cubicle #52-18B.  

Verified by and date L. Smith 8/26/82 
(I & C) Name Date 

RA-4 

a. Turn power off and remove felt tip ink cartridge to avoid ink 
marks on the chart.  

b. Remove chart and at the bottom of the chart write the 
following: 
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Bus Identification 480 V MCC No. 5 

Cubicle No. Reactor Cubicle 
Recorder Serial No. 093684 

Verified by and date L. Smith 8/26/82 
(I & C) Name Date 

RA-5 

a. Turn-power off and remove felt tip ink cartridge to avoid ink 
marks on the chart.  

b. Remove chart and at the bottom of the chart write the 
following: 

Bus Identification MCC No. 10 
Cubicle No. Transformer Cubicle 
Recorder Serial No. 093684 

c. Remove clamp-on type C.T. from the transformer compartment.  

d. Remove C.T. plug-in connections from the recorder.  

e. Close and secure the cover plate on the transformer 
compartment of MCC #5 for normal operation.  

Verified by and .date L. Smith 8/26/82 
(I & C) Name Date 

RA-6 

a. Turn power off and remove felt tip ink cartridge to avoid ink 
marks on the chart.  

b. Remove chart and at the bottom of the chart write the 
following: 

Bus Identification Inst. Bus No. 1 
Cubicle No. Incoming Cable 
Recorder Serial No. 093696 

c. Remove clamp-on type C.T. from the instrument panel.  

d. Remove C.T. plug-in connections from the recorder.  
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Carolina Power & Light Company 
CAR-2762-TP2 

e. Close and secure the instrument panel cover for normal 
operation.  

Verified by and date L. Smith 8/26/82 
(I & C) Name Date 

RV-1 

a. This recorder was disconnected while disconnecting PF-1.  

b. Remove chart and at the bottom of the chart write the 
following: 

Bus Identification 4160 V Bus No. 2 
Cubicle No. 11 
Recorder Serial No. 093688 

Verified by and date L. Smith 8/26/82 
(I & C) Name Date 

RV-2 

a. This recorder was disconnected while disconnecting PF-1.  

b. Remove chart and at the bottom of the chart write the 
following: 

Bus Identification MCC No. 10 
Cubicle No. Reactor Cubicle 
Recorder Serial No. 093685 

Verified by and date L. Smith 8/26/82 
(I & C) Name Date 

Unplug power cords of all the recorders and pack the instruments 
in the shipping containers.  

Disconnect spectrum analyzer from voltage devider probe 
assembly.  

Record Serial No. 094132 

Data Recorded by and date L. Smith 8/26/82 
(I&C) Name Date 

Inform the operator of completion of test 

L. Smith 12:30 8/26/82 
Name Time Date 
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Carolina Power & Light Company 
CAR-2762-TP2 

9.2 SUMMARY OF TEST RESULTS: 

Bus Results 

Amps Volts P.F.  

a. 4160 Volt Bus No. 2 2800 4140 0.88 

b. 480 Volt Bus No. El 1290 - 0.76 

c. 480 Volt MCC No. 5 265 468 0.85_, 

d. 480 Volt MCC No. 1 -

e. 120/208 Volt MCC No. 10 8.75 

f. 120 Volt Inst. Bus No. 1 30 

Data Recorded by and date Indru Naranyani 8/26/82 

(I&C) Name Date 

Data Verified by and date Michael J. Hein 8/26/82 
(I&C) Name Date 

9.3 SUMMARY OF HARMONIC DETECTION: 

Bus Frequencies 

a. 480 Volt Bus No. 1 60 - -

b. 480 Volt MCC No. El 60 180 300 -

c. 480 Volt MCC No. 1 60 120 180 300 

d. 480 Volt MCC No. 5 60 180 300 420 

e. 120/208 Volt MCC No. 10 60 - -

f. 120 Volt Inst. Bus No. 1 60 180 300 420 540 

Data Recorded by Indru Naranyani 8/26/82 

(I&C) Name Date 

Data Verified by Michael J. Hein 8/26/82 
.(I&C) Name Date 
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Carolina Power & Light Company 
CAR-2762-TP2 

9.4 TEST EQUIPMENT CALIBRATIONS DATA 

Symbol Type Serial Number Calibration Date 

1. PF-1 EA 093375 7-12-82 

2. PF-2 EA 092059 7-12-82 
3. PF-3 EA 092119 7-12-82 
4. PF-4 EA 091744 7-12-82 
5. RA-1 EA 092925 7-12-82 
6. RA-2 EA 090414 7-12-82 
7. RA-3 EA 090415 7-12-82 
8. RA-4 EA 093702 7-13-82 
9. RA-5 EA 093684 7-13-82 

10. RA-6 EA 093696 7-13-82 
11. RV-1 EA 093688 7-13-82 
12. RV-2 EA 093685 7/12/82 
13. HD-l H.P. 094132 7/12/72 

Data Recorded by Indru Naranyani 8/26/82 

(I&C) Name Date 
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A P 178769 

115KV 5WITCHYARD LEGEND 
SWITCHGEAR BREAKER 

START-UP TRANSFORMER No.2 12 COMPARTMENT NUMBER 
Y WINDING X WINDING 

7 RA-1 SEE SECTION 6.0 
A. TEMPORARY WIRING 

4160 VOLT BUS NO.3 41I60VOLT BUS NO.2 '160 VOLT BUS No.I PORTABLE RECORDING AMPEREMETER 

F 52 52 52 52 52 52 52 52 EXISTING VOLTMETER ON 
I IN IS RA-2 6 5 ' 3 2 I L'80 OR 160VOLT SWITCHGEAR 

A R PORTABLE RECORDING 

ST5 VOLTMETER (TEMPORARY) 
vR2A. CP FP CWA C 
I 2C2A 2A SST 2 2A 2A 

L2 C I * 2A 2A 285 2 PORTABLE RECORDING 
80VOLT BUS N0.1 (LV- VOLT BP POWER FACTOR METER (TEMPORARY 

52 52 52 52 552 2 2 CLAMP 0 TYPE FULLY INSULATED 
1 19C 20A 20B 20C ZIA ZIB 22 - TEMPORARY CT 

LOAD A 

4. * PF 
2 HV V AFP SW * CP CCP EXISTING CT'S MOUNTED Ow 

I 2 2 2A 2B RA-4 25 2 SWITEIGEAR 

'18OVOLT MCC NO.1 990VOLT MCC No.5 

2 2 3 1 5 5 9 A 
M BL M M J Dc FR 

- H HVH SW A H PFC RA-S 
2A SA 2 2A I A 

IaOVOLT INSTR BUS No. RA-6 120/208VOtT MCC Mel 

LOAD FIGURE -2 

REV. NO. Z DATE 9-15-82 

EBASCO SERVICES INCORPORATED CAROLINA POWER a LIGHT COMPANY SKETCH 

UIV. LAPOD H. B. ROBINSON UNIT NO.2 CAR 2762 

DATE 2iC.H DEGRADED BUS VOLTAGE ANALYSIS E 
SCALE IN-PLANT TEST EQUIPMENT LOCATION SHEET I FC



SECTION II 

C. Summary of Test Results 

This section includes summary of test results for the "inplant" 
test TP-1 & TP-2.  

The discussion on test results is included in Section'I, paragraph 
5.6.  
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H. B. ROBINSON UNIT #2 
IN-PLANT TEST TP-1 

SUMMARY OF TEST RESULTS 

Device Chart Test No. 1 Test No. 2 Test No. 3 

I.D. Location Scale Before During After Before During After Before During After 

PF1 4160V Bus #3 - 0.88 Lag - - 0.88 Lag - - 0.88 Lag -

PF2 4160V Bus #2 - 0.88 Lag - - 0.88 Lag - - 0.88 Lag -

RV1 4160V Bus #3 60V/mm 4170 4160 4150 4140 4140 4140 4140 4080 4140 

RV2 4160V Bus #2 60V/mm 4140 4110 4140 4140 4110 4140 4140 3510 4080 

RV3 480V Bus #1 6V/mm 463.5 435 462 459 453 457.5 457.5 385.5 453 

RV4 480V MCC #1 6V/mm 456 429 454.5 453 444 453 450 *378 444 

RV5 480V Bus-El 6V/mm . 453 420 450 444 441 444 444 372 441 

RV6 480V MCC #5 6V/mm 438 402 433.5 432 406.5 426 426 354 421.5 

RV7 120V Inst. Bus #1 1.5V/mm 111.8 112.5 111,8 111.8 111.8 112.1 112.1 112.9 112.1 

RV8 120V MCC #10 1.5V/mm 110.0 102 110.3 109.5 103.5 108 108 90 107.3 

RV8 208V MCC #10 2.6V/mm 192.2 176.7 191 189.6 178.4 187 187 155.8 185.8 

*AMP-1 BKR 52-1 - 704 - 706 -709 - 709 708 - 715 

AMP-2 BKR 52-2 - 274 - 274 275 - 274 277 - 277 

AMP-3 BKR 52-3 - - - - - - - - - 480 

AMP-4 BKR 52-4 - 113 - 114 106 - 120 112 - 106 

AMP-5 BKR 52-5 - 85 - 85 85 - 85 85 - 85 

AMP-6 BKR 52-6 - 291 - 291 291 - 291 291 - 291 

AMP-7 BKR 52-12 - 2452 - 2488 2488 - 2496 2504 - 3000 

AMP-8 BKR 52-13 - 284 - 315 316 - 330 334 - 333 

AMP-9 BKR 52-14 - 707 - 707 707 - 707 707 - 707 

AMP-10 BKR 52-17 - 2500 - 2506 2512 - 2512 2512 - 2344 

*All Ampere Meters were installed on 4160 Volt Bus 1, 2 & 3 Breaker Cubicles.  

Input By 11 ess unn. eq.,w. Date a -L

Input Verified By Date 7/ 

Results Checked By - Dattee



H. B. ROBINSON UNIT #2 
IN-PLANT TEST PROCEDURE TP-2 

SUMMARY OF TEST RESULTS 

Reading 
Device Location Chart Scale Minimum Maximum 

RA-1 4160 Volt Bus #2 800 amp/digit 2776A 2800A 
RA-2 4160 Volt Bkr 13 120 amp/digit 210A 216A 
RA-3 480 Volt Bus El 600 amp/digit 1260A 1290A 
RA-4 480 Volt MCC 5 5 amp/mm 260A 270A 
RA-5 208 Volt MCC 10 0.25 amp/mm 8.5A 9A 
RA-6 120 Volt Inst. Bus #1 1 amp/mm 30A 30A 

PF-1 4160 Volt Bkr 12 + 11 Direct Reading 0.88 Lag .90 Lag 
PF-2 480 Volt Bus #El Direct Reading 0.76 Lag .78 Lag 
PF-3 480 Volt MCC #1 Direct Reading 0.76 Lag .80 Lag 
PF-4 480 Volt MCC #5 Direct Reading 0.84 Lag .86 Lag 

RV-1 4160 Volt Bkr. 11 60V/mm 4080V 4200V 
-2 480 Volt MCC 5 6V/mm 462V 474V 

Input By Date 1 20 $1 

Input Verified By Date __2_____ 

Results Checked By Date P/7 40 
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SECTION II 

*D. One Line Diagrams for Computer Studies 

1. General 

The computer studies covered under this report are in specific response to 
NRC questions. These analyses were conducted to determine the voltage 
conditions under steady state and transient conditions for the major 
plant operating modes.  

The computer analysis is also included for Voltage Analysis Verification 
Test using actual measured values.  

2. List of One Line Diagram for Computer Studies 

A. STUDY NO. 1X 
Normal operation with Unit Aux. Transformer "X" Winding Loads.  

B. STUDY NO. 2X 
Normal operation with Start-up Transformer "X" Winding Loads.  

C. STUDY NO. 2Y 
Normal operation with Start-up Transformer "Y" Winding Loads.  

D. STUDY NO. 3X 
Emergency operation with Start-up Transformer TX Winding Loads 
and Safety injection actuated.  

E. STUDY NO. 3Y 
Emergency operation with Start-up Transformer "Y" Winding Loads 
and safety injection actuated.  

F. STUDY NO. 4Y 
Cold Shutdown operation with Start-up Transformer "Y" Winding 
Loads.  

G. STUDY NO. 5X 
Normal Operation with Start-up Transformer "X" Winding Loads 
for "In-Plant Test Procedure.  
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APPENDIX - A 
STUDY NO.: IX 

100% PLANT LOAD 
NORMAL OPERATION WITH 

UNIT AUXILIARY TRANSFORMER."X" WINDING 

Input By _ w &vf4 Date 

Input Verified By Date 

Results Checked By_ "o Date 
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UNIT AUMLIARY 
TRANSFORMER GEN 859 MVA 
(7-0) ZZ MVA 
( WINDING) 

Q-160O V BUS #2 (MV) Z I60V BUS I (MVI) 

MIS MIR MIR MIR MIR STATION SERVICE TRANSF 25 
5067 STATION SERVICE 5067 150 5428 2702 625 BUS 121 100/2000 KVA NOTE 

TRANSF 2A(Z.5) 
RCP 2000/2666KVA RCP CWP SGFP CP HOP SEE SHEET 7 FOR DETAILED INFORMATION 

80SV BU5*I ( LV 1) Z50 H P 

40BV M CC I i8OV EM~ERGENCY BUS *El 

4 ZO 
MSR MLIS H14R M~P M4R M4R M411 M'4P 

Z73 

M35 M3R K 

CI50 100 

w 9800/0V MCC "10VEEGEC0BSE 

M5 
MXS HINIR MREA MORREMOWER4LOADS 

*V250 3 1 309 150 20 15 

EBS AFWP HVH-C INHOR CP CP SEP SaSP 

M6D STATLC 

o002028 MC1 STUDY NO. IX 
NORMAL OPERATION WITH UNIT AUXILIARY TRANSFORMER 

- 216"X" WINDING BREAK HORSEPOWER LOADS 

REV. NO. DATE -20-82.  
EBASCO SERVICES INCORPORATED CAROLINA POWER 8 LIGHT COMPANY SKETCH 

~DI. E LO. DR~.L. A PRO ED H.B. ROBINSON UNIT NO. 2 CAR 2762 
DIA DRJC.LL. APRVD-DEGRADED BUS VOLTAGE ANALYSIS El S . APPENDIX- A SHEETLOF



APPENDIX - B 
STUDY NO.: 2X 

100% PLANT LOAD 
NO?J4AL OPERATION WITH 

START-UP TRANSFORMER "X" WINDING 

0 

Input By jWAv" U w Date: 

Input Verified By 0 Date:________ 

Results Checked By Date: __fft
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* 0 
115KV 

SWITCHYARD(SYS) 

JSTART-UP TRANSFORMER(ZI) 
22MVA (X WINDING) z2 4l60V BUS*E (MVF) . I60V BUS"I (MV 1) 

M2R MI IR ITATION SERVICE TRANSF Z2 
50b7 STATION SERVICE 5067 150 5928 Z102 625 BUS IZIrm 1500/2000 KVA 

TRANSF 2A(15) RC - NOTE 
RCP 2000/2666KVAT RCP CWP SGFP CP VADP 

R80V BUS'I (LV I) 250HP SEE SHEET 7 FOR DETAILED INFORMATION 

Z7OK 

Z9 26 
35 M3R 

0100 

z10 CVP SFPP 

q8oV MCC *I I8OV EMERGENCY BUS *EI 

M5R MLS H4R M4R M4R M4R M4 MR 
250 3Z5 Ill Ill 309 I50 115 115 

AFWP VWH-l WJI-Z CCP CP SWP SWP 
8soV MCC 5 

KV M6S TATIC 
5KVT 125 915KW 

o 120/208V MCC *10 
STUDY NO. ZX 

NORMAL OPERATION WITH STARTUP TRANSFORMER 
"X" WINDING BREAK HORSEPOWER LOADS 

M79 M7RTATIC 
3.92 2 2KW 

REV. NO.3 . DATE 9-20-82 

EBASCO SERVICES INCORPORATED CAROLINA POWER & LIGHT COMPANY SKETCH 

DIV.LDRL.~ APROED H.B. ROBINSON UNIT No. 2 CAR 2762 
DIV EL-. R. APPROVED, DEGADED BUSNVOLTAGNALYSIS CAE26 

SCALE C APPENDIX- b SHEETLOF.5



APPENDIX - C 
STUDY NO.: 2Y 

100% PLANT LOAD 
NORMAL OPERATION WITH 

START-UP TRANSFORMER "Y" WINDING 

Input By Date__ 1__ _L 

Input Verified By Date_______ 

Results Checked By Date 
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115KV 
SWITCHYARD (SYS) 

START-UP TRANSFORMER (2) 
22MVA (Y WINDING) 

.7 2 160V BUS 3(MV3) H160V BUS "L (MV4) 

MIS MIR MIR MIR MIR MIR J STATION SERVICE TRANSF ZD 
STATION SERVICE CLOSED ON START-UP 5067 1150 51 210 625 1150 1500/2000 KVA 
TRANSF 2C (75) OPEN ON UNIT AU NOTE 
2000/2666KVA REP CWP SGFP CP HTP CWP 

(LV3) 480V BU53 DEDICATED SHUT-DOWN BUS 250HP SEE SHEET 8 FOR DETAILED INFORMATION 
220 KW 

29 Z6Z1 

z10 CCP CP 

L80V MCC *4 . 80V EMERGENCY BUS *E-2 

M5R M4S M'R M'4R M4R MIR M4R 
250 309 01 111 150 215 215 

212 CCP WH-3 HVH-4 CP SWP SWP 
i8oV MCC 6 

S5 KV M6S TATIC 
(Zk)125 62KWI 

115 SWBP 
o 120/208V MCC '9 STUDY NO. ZY 

NORMAL OPERATION WITH STARTUP TRANSFORMER 
I6 "Y" WINDING BREAK HORSEPOWER LOADS 

REV. NO.3 DATE c-20-82 

EBASCO SERVICES INCORPORATED CAROLINA POWER BLIGHT COMPANY SKETCH 

DIV. EL CDR APPROVED H.B. ROBINSON UNIT NO. 2 CAR 2762 

DATEIdaCH.JL. DEGRADED BUS VOLTAGE ANALYSIS El 

SCALE APPENDIX- C. 5HEET.I0F 9



APPENDIX - D 
STUDY NO.: 3X 

EMERGENCY OPERATION WITH START-UP 
TRANSFORMER "X" WINDING BRAKE HORSEPOWER 

LOADS AND SAFETY INJECTION ACTIVATED 

Input By Date 2.L 

Input Verified By Date 9_____ 

Results Checked By DateL 
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AF 175783 

115KV 
SWITCHYARD(SYS) 

LSTART-UP TRANSFORMER (ZI) 
22MVA (X WINDING) 

z 2 160V BUS*2 (MV2) 1I60V BUS 4I (MV0) 

2R MIS MIR MIR MIR MIR S5TATION SERVICE TRANSF 2B 
STATION SERVICE 5067 750 5'Z8 2702 625 BUS 121 1500/2000 KVA 
TRANSF 2A (L5) NOTE 

RP 2000/2666KVA RCP CWP SGFP CP MDP 
I-I80V BUS'I (LVI) 133 HP SEE SHEET 7 FOR DETAILED INFORMATION 

666KW 
0"7 

Z9 Z6 

z150 100 50KU 

1_80V MCC 'I 9180V EMERGENCY BUS El 

4 - Z8 

STATIC M5R MMS MiR MiR MiP MR M R MR CSP SIP SIP RHR 
[150K 250 325 299 Z4 309 150 275 275 200 350 350 300 

212 AFWP HVH-I RW'-2 CCP CP SWP SWP 
I-80V MCC "5 

13 

5KV M65 M6R TATIC 
125 250 150KW 

STUDY NO. 3X 
EMERGENCY OPERATION WITH STARTUP TRANSFORMER 

ZI6 "X" WINDING BRAKE HP LOADS AND SAFETY INJECTION ACTIVATED 

M7S M7R TAI 
3.9 2 2 I 

REV. NO. 3 DATE q-20-8 Z 

EBASCO SERVICES INCORPORATED CAROLINA POWER 8 LIGHT COMPANY SKETCH 

DIV. DR.CL APPROVED H.B. ROBINSON UNIT NO. 2 CAR 2762 

DATE/I.ACH.AL DEGRADED BUS VOLTAGE ANALYSIS El 

SCALE e APPENDIX- D SHEET LOFB



APPENDIX - E 
STUDY NO.: 3Y 

EMERGENCY OPERATION WITH START-UP 
TRANSFORMER "Y" WINDING BRAKE HORSEPOWER 

LOADS AND SAFETY INJECTION ACTIVATED 

Input By Date c to $2 

Input Verified By Date 

Results Checked By Date ffZ, 
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.170768 

115KV 
5WITCHYARD (SYS) 

ISTART-UP TRANSFORMER (ZI) 
. 22MVA (Y WINDING) 

. 7 2 L160V BUS*3 (MV3) 1I60V BUS"'H (MV4) 

CLOP MIS MIR MIR MIR MR MIR STATION SERVICE TRANSF ZD 
STATION SERVICE CLOSED ON START 5 28 2702 425 1750 500/2000 KVA NOTE 
TRANSF 2C(15) OPEN ON UNIT AU 
200C/2666KVA RCP CWP SGFP CP HOP CWP 1334HP,G6KW SEE SHEET 8 FOR DETAILED INFORMATION 

v480V BUS'3 (LV3) DEDICATED SHUTDOWN BUS 

00 
Z9 Z6 

110 . CVP SFPP CCP CPID 

480V MCC *4. 80V EMERGENCY BUS E-2 

4- za ZiZ8 
STATIC M5R M4S MR M1 R MbR M1 R M R MlR CSP SIP 51P I-1RP 
50K 250 325 299 ZH4 309 150 275 275 200 350 350 Z85 

22 AFWP MVH-3 HY4-9 CCP CP SWP SWP 

HoV MCC 6 

M6S M6R TATIC 
3 K 125 250 150KW 

o1 120/208V MCC "9 SUYN.3 STUDY NO. 3Y 
EMERGENCY OPERATION WITH STARTUP TRANSFORMER 

"Y" WINDING BRAKE HP LOADS AND SAFETY INJECTION ACTIVATED 

REV. NO. 3 DATE 9-1O-82 

EBASCO SERVICES INCORPORATED CAROLINA POWER a LIGHT COMPANY SKETCH 

DIV. EEC D R.C-L APPROVED H.B. ROBINSON UNIT NO. 2 CAR 2762 

D IV. DR. APPROVE DEGRADED BUS VOLTAGE ANALYSIS El 

SALE . APPENDIX-E SHEETOFA 
SCAL I~VV



APPENDIX - F 
STUDY NO.: 4Y 

COLD SHUTDOWN OPERATION WITH START-UP 
TRANSFORMER "Y" WINDING 

Input By _ Date J1 0 

Input Verified By Date /47 

Results Checked B y_ _ Date 
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AF 176700 

115KV 
SWITCHYARD (sYS) 

START-UP TRANSFORMER (ZI) 

T22MVA (Y WINDING) 7 2 q160 V BUS *3 (My s) H160V BUS" (MV4) 

T UP STATION SERVICE TRANSF 2D 
STATION SERVICE -COE ON UTAUP BUS IZI 1500/2000 KVA 
TRANSF 2(7.5)1 PNO NTAXNT 
200(V2666KVA 1 80V BUS #9(LV3) DEDICATED SHUT-DOWN BUS SEE SHEET FOR DETAILED INFORMATION 

Z9 Z6 

217 

0 

q80V MCC q8OV EMERGENCY BUS *E-2 

MR MqR MR 
e lI7/ Z75 285 

212 .VH-1 5WP RHR 

4980V MCC *6 

30KVM6R TATIC 
30KVA00 00 OKV 

Z1S 
o ~~12(/208V MCC '9 SUYN.  STUDY NO. 4IY 

COLD SHUTDOWN OPERATION WITH STARTUP TRANSFORMER 
"Y" WINDING BRAKE HORSEPOWER LOADS 

TATIC 
15KVA 

REV. NO.3 DATE j-20-f32

u6 E8ASCO SERVICES INCORPORATED CAROLINA POWER.aLIGHT COMPANY SKETCH 

DIVELEC DR. APPROVED H.B. ROBINSON UNIT NO. 2 CAR 2762 

SDATE * ILXH DEGRADED BUS VOLTAGE ANALYSIS El 
SCAL E L.APPENDIX- F SHEET 6.O



APPENDIX - G 
STUDY NO.: 5X 

NORMAL OPERATIONS WITH AT LEAST 
40% PLANT LOAD ON START-UP TRANSFORMER "X" WINDING 

FOR "IN-PLANT" TEST 

0 

Input By Date I2x-#BL 

Input Verified By Date 7/____ 

Results Checked By Date______ 
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X R NOTES MOTORS 

Z1 10.2% 0.204% X WINDING (22 MVA) X" PFRUN EFF PFSTART LRA/FLA 
ALL MOTORS 0.18 0.88 0.92 0.20 6.5 

Z1' 11.25% .225% X WINDING (22 MVA) 
EXCEPT 

Z2 0.0000788r 0.0001814.n 
MIS (6000 HP) 0.925 0.925 0.16 6.3 

Z2' 0.0001 86 A 0.000427A 
M2R (6000 HP) 0.925 0.925 0.16 6,3 

Z3 0.00594 xL 0.00361.m 
MLS (350 HP) 0.916 0.943 0.206 5.1 

Z4 0.00271t 0.001634L1 
M4R (300 HP) 0.86 0.94 

Z5 5.8% 1.16% SST 2A (2 MVA) 
M4R (300 HP) 0,86 0.94-.  

Z6 0.00035.- 0.000806MS H 
M6S (125 HP) 5.9 

Z7 0.0031 7n. 0.00292.m MIR (6000HP) 0.938 0.962 0.17 

Z8 0.00116r 0.00107n MIR (3000HP) 0.919 0.95 0.21 

Z9 O.OO2414n 0.00225.n MIR (1750HP) 0.76 0.936 0.25 

710 0.015 n 0.0003dL REACTOR 

-Z11 0.00211 0.00194t COLD SHUTDOWN LOADS 

Z12 0.015 a. 0,0003 A 
-- 4160 V BUS #1 100KW 

713 0.00157n. 0.00861A 
1480 V BUS #/El 500HP 

Z 714 2.8% X/R=5 TRANSFORMER (45 KVA) 
480 V MCC #5 200HP,500KW 

Z15 0.00179n 0.0098 4^ 120/208 V MCC #10 15 KW 
716 0.0195..n 0.1433>n 

Z18 5.5% X/R=5 TRANSFORMER (1.5 MVA) 115KV SYSTEM SC CAPACITY = 15000 MVA 

GENERATOR NO. 2 SC CAPACITY = MVA 854 = 2,840 MVA 
X"d 0.301 

TO BE USED WITH: STUDY 1X - SHEET 1 
STUDY 2X - SHEET 2 
STUDY 3X - SHEET 4 

w REV. NO. 3 DATE -20-3Z 

u EBASCO SERVICES INCORPORATED CAROLINA POWER B LIGHT COMPANY SKETCH 

DIV. LLL(.DR..J APPROVED H. B. ROBINSON UNIT NO. 2 CAR 2762 

DATE -I CH. IP - DEGRADED BUS VOLTAGE ANALYSIS El 
SCALE P DATA SHEET FOR X WINDING SHEET70F 8 .



A F 17788 

X R NOTES MOTORS 

Z1 10.3% 0.206% Y WINDING (22 MVA) X" PFRUN EFF PFSTART LRA/FLA 
ALL MOTORS 0.18 0.88 0.92 0.2 

Z1' 10.6% 0.212% Y WINDING (22 MVA) 
EXCEPT 

Z2 0.0001138, 0.000262n 
MIS (6000 HP) 5.8 

Z2' 0.000186n 0.000427n 
M3S (400 HP) 4.62 

Z3 0.00392n. 0.00237& 
MS (350 HP) 0.916 0.943 0.206 5.1 

Z4 0.00285t. 0.00172 a 
M6S (125) 5.9 

Z5 5.8% 1.16% SST 2C (2 MVA) 
MIR (700) 0.926 0.955 

Z6 0.000319A 0.000733.n M4R (300) 0.86 0.94 
Z7 0.00211a 0.00194 n 

H ~MLR (300) 0.86 0.9I 
Z8 0.00123-& 0.00113(0 

Z9 0.0033s- 0.00303 n 

710 0.015a. 0.0003 SL REACTOR 

Z11 O.OOO66 A 0.00061 A 
Z 12 0 .0 2 -n 0 .0 00 4 -n - R EA CTO R 

4 .. COLD SHUTDOWN LOADS 
Z Z13 0.00262 x 0.01435.fL 

q 4160 V BUS #4 100KW 
Z14 3% X/R=5 TRANSFORMER (30 KVA) 480 V BUS 9E2 500HP 
Z15 0.O0105 0. 00574 4. 480 V MCC #6 200HP,500KW 
716 0.0156-. 0.31i6.  
Z6 0120/208 V MCC #9 15KW 

. 717 0.00100 0.o0001 

Z18 5.8% X/R=5 TRANSFORMER (1.5 MVA) 

115KV SYSTEM SC CAPACITY = 15000 MVA 
01o 
o GENERATOR NO. 2 SC CAPACITY = 2840 MVA 

TO BE USED WITH: STUDY 2Y - SHEET 3 
STUDY 3Y - SHEET 5 
STUDY 4Y - SHEET 6 

REV. NO. 2. DATE 9-20-81 

EBASCO SERVICES INCORPORATED CAROLINA POWER 8 LIGHT COMPANY SKETCH 
DIV. DR APPROVED H.B. ROBINSON UNIT NO.2 CAR 2762 

DATE,'k1CH ' / DEGRADED BUS VOLTAGE ANALYSId El 

SCALE M DATA SHEET FOR Y WINDING SHEET80F



* SECTION II (Continued) 

E. CALCULATIONS 

All calculations and supporting documents included in the 1976 Report were 
used and additional calculations required to complete the analysis are 
included in this section.  
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EBASCO SERVICES INCORPORATED 

BY R.L.Forest r DATE NEW YORK SHEET OF 
______ 276.024 DEPT,.0 

CHKD.BY I.V.N. DATE 7/22/81 OFS NO.CAR 2762.024 504 

. CLIENT CAROLINA POWER AND LIGHT COMPANY 

PROJECT H. B. ROBINSON #2 - VOLTAGE DEGRADATION STUDY 

SUBJECT CALCULATION INDEX 

TABLE OF CONTENTS 

calculation - - - ---- - .  

Number Rev. i liescription I Date 

--. 1on r n_ T -.-- -..  S1 otro-Ciret /enth-fore7/16 81 
...... .I- -- - - ... ...... ... --

2 0 208 MCC Starter use Analysis 7/16/81 

3 b ble Impddance al ulations 7/6/81 

- 4 - O attriatioivof-rntrol Circuit-Lengths 71781 

52 /12 MCC Star, er Analysis 7/20/81 

6 0Cpmp texInput Dta Calculatios base 

oh I -Plant Test Results 9/3/82 

7 0 1owe EethrVrt iation caculat on' -9/J13/82 

oo aSre-ut-o -s o t awh - --- 9/20/2
..w...... ...... - - --- - . .......  

9 0 Moto. Dgta_ 9/20/82 

-~~.. ... ...... . F 

-- --------------- - ... ...... .. - ...-- ....... -......  

...... .. -- - - - - - - -~ 

.ORM .8..REV 7 -

II.......-  

FORM 58 REV 7-71 T-



EBASCO SERVICES INCORPORATED 
NEW YORK 

osNo._CAR 2762.024 oEPT. 504 
___ ____NO._ NO._ _ _ _ _ * ENT CAROLINA POWER AND LIGHT COMPANY 

OJECT H. B. ROBINSON #2 - VOLTAGE DEGRADATION STUDY 

SUBJECT CONTROL CIRCUIT LENGTHS FOR MOTOR CONTROL CENTERS 9 & 10 

CALCULATION NO: 1 NUMBER OF SHEETS: 1 

PROBLEM: - - -- -- -

-Tabulate the cable size ahd cable lengths for the control circuits 

for MCC 9 & 10. Calculated lengths are from Calculation #4. All 

other information obtained.from.CWD's (Dwg...500B452) and PD&MD 

sheets (B-190627).  

0 /n biicf 07 7/D0ti .///1Ek?_1< S/w 
ev. Sheet Name Date Name Date Name ate 

No. Nos. Calculation By Checked By Approved By 

PRELIMINARY FINAL [UPERSEDES CAL. NO.  
PORM 861 REV 1 11-74



EBASCO SERVICES INCORPORATED 
ev R. . orester DATE 07/12/81 NEW YORK SHEET OF 

DEPT.  
CHKD. BY I.V*N. DATE -7/16/81 OFS NO. CAR 7762 No. 504 

CLIENT CAROLINA POWER AND LIGHT COMPANY CAL #1 

PROJECT H.B.ROBINSON #2 - Degraded Grid Voltage Study 

SUBJECT Control Circuit Length for Motor Control Centers 9 and 10 

__-MOTOR CONTROL CENTER # 9 

Control Circuit 
CWD Size Compt Cable Length Cable Size Fuse Size 

648 1R IC 1000* 1 
843- 1R 1J 600 #16 1 
639 IR IM 1310 #16 1 
640 1R 2H :1310 #16 1 
I Air 

Dryer Bkr 2KL No Controls 1 
UP-29 Bkr (LP-29) 2KR Not Applicable 1 
662 1R 2ML 600 #16 1 
844 1R 2MR 620 #16 1 
453 1R 3C 700 #16 1 
452 A.lR 3F 710 #16 1 
664 1R 3J 520 #16 1 
660 1R 3M 630 #16 3 
Battery Fan B No Controls 
Fire Prot B NSR 

MOTOR CONTROL CENTER #10 

454 1R 1F 820 #16 1 
Sink Bkr 1J No Controls 
E-29 Bkr(LP-29) 2BL -..:Not Applicable 
I Air 
Dryer Bkr 2BR 'No Controls 
661 1R 2M 760 #16 1 
647 1R 3C 1000* #16 1 
842 1R 3F' 710 #16 1 
451 1R 3J 830 #16 1 
844 1R 3M 620 #16 1 
662 1R 4C 600 #16 1 
663 1R 4F .570 #16 1 
638 1R 4J 1450 #16 1 
649 lR 4M 1000* #16 1 
Battery Fan B No Controls 
Fire Prot A NSR 

Estimated from GA's and Electrical Drawings 

FORM 81 REV 7*71 
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EBASCO SERVICES INCORPORATED 
NEW YORK 

CAR 2762.024 EPT. 504 
OFS NO.. NO._____ 

CLIENT CAROLINA POIER AND LIGHT COMPANY 

*ECT H. B. ROBINSON #2 - VOLTAGE DEGRADATION STUDY 

JECT 208V.MCC STARTER FUSE ANALYSIS 

CALCULATION NO: 2 NUMBER OF SHEETS: 1 

PROBLEM: 

1) Determine Coil Impedance

2) Based on 1) determine maximqm substained current at just 

---- less. than- pick-up voltage. 

3) Based on Z) detetfnine'bl6t tifne orf fuse.  

v. Sheet Name Date Name Date Name ate 
o. Nos. Calculation By Checked By Approved By 

PRELIMINARY FINAL ] SUPERSEDES CAL. NO.  

FORM 1 REV .1 11-76



CAR 2762.024 
EBASCO SERVICES INCORPORATED 

ey R.L.ForesterDATE 07/13/81 NEWYORK SHEET 1 OF 

CHKD.BY I*VN DATE 07/16/81 oFs No.CAR 2762 DEPT. 504 

CLIENT CAROLINA POWER AND LIGHT COMPANY CAL #2 

PROJECT H. B. Robinson #2 Degraded Voltage Analysis 

SUeJECT 208V.MCC Starter Fuse Analysis 

Information received from CP&L (07/02/81) 

Starter Fuses for MCC's 9 and 10 
BUSSMAN MANUFACTURING DIVISION 
BUSS BAF-1 (All except MCC #9 Compartment 3M which is BAF-3) 

Problem: 1) Determine Coil Impedance 
2) Based on 1) determine maximum sustained current at just less 

than (-) pick-up voltage 
3) Based on 2), determine blow time for fuses 

1) and 2) Current at depressed voltage condition 1 amp.  

(From page 2 of 10/04/76 "Control Transformer Secondary Analysis") 

3) Time for fuses on starters to blow at degraded voltage: 

Note Fuse Current at Pickup Time to Blow** 

* BAF-1 1.0 at 110% 4 Hours (min.) 
* BAF-3 1.0 Infinite 
R BAF-2 1.0 Infinite 

* Present Fuse Size 
R Recommended Change 

** Using information from Buss Catalog SFB (2/80) Page 11 

SUMMARY: Present fuses are marginal, change fuses to recommended ratings.  

FORM 58t REV 7.71 
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EBA5CO SERVICES INCORPORATED 
NEW YORK 

oPsNo._CAR 2762.024 DEPT 504 
____ __NO._ NO. _ _ _ _ 

CLIENT CAROLINA POWER AND LIGHT COMPANY 

ECT H. B. ROBINSON #2 - VOLTAGE DEGRADATION STUDY 

JECT CABLE IMPEDANCE CALCULATIONS 

CALCULATION NO: 3 NUMBER OF SHEETS: 2 

PROBLEM: 

-Calculate cable -impedanc-es for Syst mrs which did -nqt exist ar 

were not used for the 10/15/76 study.  

a) Cable Impedance 715: Power cabie fro C_ MC5 to10 
and'MCC 6 to 9 

b) Cable Impedance Z16: Power cable from MCC 9 to V2-6B 

-- -and-MCC 9-to V2-6A- 

c) Bus Bar Impedance 217: Non-Seg Bus from 480V Bus #3 to 

Ded.Shutdown Bus 

jV 

O /-3 / /7 V, 'I1GI. -I 
v. .Sheet Name Date Name Date Name Date 

0. Nos. Calculation By Checked By Approved By 

PRELIMINARY FINAL SUPERSEDES CAL. NO.

FORM D REV 771 11-78



EBASCO SERVICES INCORPORATED 
eY .L.ForesterDATE 07/07/81 NEW YORK SHEET 1 OF 2 

DEPT.  
CHKD.BY I.V.N. DATE 07/16/81 OFS NO.CAR 2762 NO. 504 

SCLIENT CAROLINA POWER AND LIGHT COMPANY CAL #3 

PROJECT H. B. Robinson NGS Unit #2 

SUBJECT Computer Studies for Degraded System Voltage Analysis 

Z15 The impedance of the cable which connects MCC5 to MCC10 
(3 phase, 4W at 120/208V) 

Cable Size: 4-1/C #2 
Length: 1/4 (240) 
Impedance: (.06)(0.164 + j 0.0299) 

.00984 + j .001794 ohms 

The impedance of the cable which connects MCC6 to MCC9 
(3 phase, 4 W at 120/208V) 

Cable Size: 4-1/C #2 
Length: 1/4 (140) 
Impedance: (.035)(0.164 + j 0.0299) 

= 0.00574 + j 0.001047 ohms 

Z16 The impedance of the cable which connects MCC9 to V2-6B 

Cable Size: 2/C #19/22 
Length: 400 (from CCL) 
Impedance: (.4)(.866 + j .039) 

.346 + j .0156 ohms 

The impedance of the cable which connects MCC10 to V2-6A 

Cable Size: 2/C #19/22 
Length: 500' :(from CCL) 
Impedance: (.5)(.866 + j, .039) 

0.433 + j 0.0195 ohms 

FORM 51 REV 7-71 
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EBASCO SERVICES INCORPORATED 
ey erDATE 07/07/81 NEWYORK SHEET 2 OF 2 

CHKD.BY I. V. N. DATE 07/16/81 oFsNo. CAR 2762 DEPT. 504 

CLIENT CAROLINA POWER AND LIGHT COMPANY CAL #3 

PROJECT H. B. Robinson NGS Unit #2 

SUBJECT Computer Studies for Degraded System Voltage Analysis 

Zl7 The impedance of Bus which connects 480V Bus #3 Dedicated Shutdown Bus 

Bus Bar Size: 2-1/4" x 6" 
Length of Bus: 35' 
Impedance: .000096 + j .0010 ohms 

Bus Length-35 Feet (Per CP&L) 
Bus Rating-3000 Amps 

2- / Manufacturer 

R of 1/2" x 6" Bar'= 2.75 1j Q/foot 6 MD = 1.453 
(From Table 21, page 22 of Anderson Electric - Tech. Data - 1969) 

X of Bar Spacing Above 

L = 0.7411 lag Deg mh/mils (Equation 2.73 - Element of Power 
Ds System Analysis 1967) 

Ds = 1.453 Above 

-Deg =/4x4x8 (Equation 2.72 Elements of Power System 
Analysis, 1962 McGraw-Hill) 

= 5.0397 

L= 0.7411 lag 5.0397 
1.453 

0.74 11 -ag 3.4685 = 0.4003 mh/mils 

X = 2HfL 21160 x 0.4003 = 150.91 mQ/mils 

15.1 =28.6 unQ/foot 
5280.  

35 2.75 + j28.6) u Q/foot = 0.000096 + jO.00100Q 

PORM 51 REV 7711



EBASCO SERVICES INCORPORATED 
NEW YORK 

OFSNO. CAR 2762.024 OEPT 504 

CLIENT CAROLINA POWER AND LIGHT COMPANY 

JECT H. B. ROBINSON #2 - VOLTAGE DEGRADATION STUDY 

U JECT CALCULATION OF CONTROL CIRCUIT LENGTH 

CALCULATION NO: 4 . NUMBER OF SHEETS: 1 

PROBLEM: Calculate length -of Cab1 -Runs UFsi Cab1 nd -'dC6-d0 It ist - -9-t 

(B-190634) and CWD's (Dwg 500B452).  

-Cire iift 
CWD # Sheet No. Eqip ag - Loop Length..  

-451--- - V6-35A- -830 
452 V6-35D 710 
453 V6-35B 700 

454 -. V6-35C 820 
638 V2-6A 1450 
639 V2-6B 1310 

-647 1. -V-2-14A-- 100 

648 V2-14B '1000 
'649 V2-14C 1000 

60V2-20A- 630 
661 V2-20B 760 
'662-g 6 600 
663 V2-16B -- 570 
664 V2-16C 520 
842 V6-16B 7 
843 6-6A-1--
844 V6-16C 620 

v. Sheet Name Date Name Date Name . Date 
o. Nos. Calculation By Checked By Approved By 

PRELIMINARY FINAL SUPERSEDES CAL. NO.  

FORM 51 REV 7-71 
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EBASCO SERVICES INCORPORATED 
NEW YORK 

oFs No.CAR 2762.024 DEPT 504 

CLIENT CAROLINA POINTER AND LIGHT COMPANY 

* JECT H. B. ROBINSON #2 - VOLTAGE DEGRADATION STUDY 

' jJECT 120/208 VOLT MCC STARTER ANALYSIS 

CALCULATION NO: 5 NUMBER OF SHEETS: 5 

PROBLEM: -

Calculate minimum MCC Voltage for starter pick-up and 

starter drop-out. 

Description.--- Pa 

I u -E ipiberit TParamtrs 

II - Starter Impedance 

III - Circuit alysis.  

IV- Summary 

Sheet Name Date Name Date Name Date 
o. Nos. Calculation By Checked By Approved By 

PRELIMINARY FINAL SUPERSEDES CAL. NO.  

FORM $91 REV 7.71 
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EBASCO SERVICES INCORPORATED 
y R. L. Forester DATE 7/12/81 NEW YORK SHEET 1 OF 5 

CHKD IVN DATE 7/20/81 OFSNO. Car. 2762 . 504 

. CLIENT CAROLINA POWER AND LIGHT COMPANY CAL #5 

PROJECT H. B. ROBINSON #2 - DEGRADED VOLTAGE ANALYSIS 

SUBJECT 120/208 VOLT MCC STARTER ANALYSIS 

I E N -E T R --.-..-.- -.-..-.QI I 
. .. .. .. ............ I .... . ...  

otor itartets 
--- U I - - ------ ..... _...... .  

A. Monufacjur r - Westinghouse 
B Vo-ltage Ra in - 120 Volt 
C -Rf-eren e A 200-C nter t -2a-t66--
D.1 P rateters 

-- ~-S r Si e e 1 

li- Ri A Ba ed on.120V) 0 
In- RushF----6 - .----- In~R-----------16 

_h 0_~ .69--i
VoltsPi k- p In'-Rush) 92 

0 ts ipout Ho.d -In) 64 

TE: bovedta ist ak n from 10/8/76 "Control Transformer Analysis 
- Page---3 -- o

2. able 

'A. Voltage Raiin -48 Volt _ 

B. Rferende - E gineerin D ta fot Copper and Aluminum 
-Conduc-tor- r el-ab-l-is, ThE-Okn , Bulietin 7211 

C Parameters 

Cable- e - Impedarte (ohmse 
I16 4.44 +!2.04 

19/226 + 2.39 

NOTE: Above data is taken ron ld/8 76 "Control Transformer Analysis__ 
Pae 3 & 14 of 23.  

I I Ifl !Starter Resilstance and Reactance For Pick-Up (In Rush) and Drop-Out 
(H-1- In)- Co-side-aton---- ----- 

.. ...... ....... ........ .... ... ........  
Starter Size lin(A) Rin( Xin(O) Ihi(A) Rhi('0) Xhi (Q) 

4 ~331 -1 65l 21 l2 5489 

--- - -- - - 5 - - 0 . 22.  

NOTE- is-tRnho4-. -l--Tran -ayI T ov- data-is te e m 1-nt a fo e A sis" 
Pages 8,9 & 1 23 

FO R 8 REV7II71-83



EBASCO SERVICES INCORPORATED 
Bv R.L.ForesterDATE 7/12/81 NEWYORK SHEET 2 OF 5 

wk - DEPT.  
CHKD. BY I.V.N. DATE 7/20/81 OFS NO. CAR 2762 504 

CLIENT CAROLINA POWER AND LIGHT COMPANY CAL #5 

PROJECT H. B. ROBINSON #2 - DEGRADED VOLTAGE ANALYSIS 

SUBJECT 208 VOLT MCC STARTER ANALYSIS 

. icuit Schematic A _.  

1 1D enant o Cir it Lengt 

ck -up I--Prop-Out ... .... _ 1iz 62,1 172.8 

6. 1. 8 ..9 
ca& aDCb eenstane adecac 

Rs X - Sart Res st ee ircutnen 

------ e n- a as ... l be-on for 

84 

.. .. .. ... . .. .... ....  

-7- R- a-- --- IRecti~e 

Rca &ka-Ca b 1e kestistance an~~at~~e- 

Rs & Xs -Starter Resistance and Reactance i 

NoT All starters fbr CC s&1O arb NMSize 1 and arelfull voltage 
_-r-e'ers-ing-.- -T-hiar-e~ eny n -e Pfb cu -- s i-be--done f or 
each WC usltng the 1ng~est: control Labie rn.  

1 -~--------- ----

I~I -84II



EBASCO SERVICES INCORPORATED 
By R.L.ForesterDATE 7/12/81 NEWYORK SHEET 3 OF 5 

CHKD. BY I.VDN AT Eir 7/20/81, OFS NO. CAR 2762 N. 504 

CLIENT CAROLINA POWER AND LIGHT COMPANY CAL #5 

PROJECT H. B. ROBINSON #2 - DEGRADED VOLTAGE ANALYSIS 

SUBJECT 208 VOLT MCC STARTER ANALYSIS 

21. knaly s bas d n Stafter Coil Pick- ip tonidrations 
_r- . .  

Ca---e (MC F9)-r 

D 63'9 F ed ater leaer Di ch rge VA V26B 

... ... ....  

. Contr 1 Cable - 110 of #16 Awg (FromCCL) 
. Imped ce o pr 00 

B. Circuit. ee Figure 1 age 3 
4C __C4c1abdiop 

C. Ic la (0 

Cb1 1 ( +IjO 04) 5.82 0052 

I10L 

S67.9 + j65.2 
z5 82-+ 62 11) -1 jC0-52 + 65.14).  

14- 00 95 -~s62.I -f 6 ,I 2 9 - 1 09~ 
_47-19~ 2 -941 . ......... . -- 

T einimum o ccvoor triga motor uld be 166 
0 to.based ipo -- etheeeqi tf -92-0s- in-mu- -operating
volt4ge of thd coiland the HCCvolta e (208) being /3 tim the line 
td n.. .... aT. vo..a T2 ......  to neut (lMCC 10e 

Tae 1 N C i 1 Y ........ .. ....... . .... - ---- ................  

D 638 Feed ater I eader Discharge VA V2-6A 

.A.. Given: -- -
1. Control Cable - 1450 f #16 Awg!(F om CCL) 

. inedac o C-14.4 3- 0 per0 
-4 --- - - -

B. Circuit ee!Figur 1e p ge3 
TF Calcilat0 : o 

Z Cable 1450 (4 4 + Jo. 04) 6.44 + jO.0580 

6. 2. ).05 65.. .68. 65 6. ...... 6.... .... .... 0 ..5 

']F --- --- - -1 --

68-5 
6 5 914 .I 

T The minimu aT ab:e Ota e oul d e 67.  

F 561TREVC7-71jII-8 
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EBASCO SERVICES INCORPORATED 
BY R.L.ForesterDATE 7/12/81 NEW YORK SHEET 4 OF 5 

71')A~i dAD ~DEPT.  
CHKD. BY I.V.N. DATE 7/20/81 OFS NO. CAR 2762 NO. 504 O CLIENT CAROLINA POWER AND LIGHT COMPANY CAL #5 

PROJECT H. B. ROBINSON #2 - DEGRADED VOLTAGE ANALYSIS 

SUBJECT 208 VOLT MCC STARTER ANALYSIS 

Analysis Based on StCrtdr Coil Drpp-Out Consideration 

Case I MCC # 

CWI 639 Fe dw ter Header Discharge alve V2-6B; 
.. .. .... I. ...... ..........  

A.! Given: 4 

C oCable 131 of #16 Cable rom CCL) 
-C-Inpedance- fa e- 0 per 1060' 

B. Circuit -lSee Figure ,Page 2 
. achla tic trr .

Z Cable 131C x (.44 + j0.0 5.82 + 0. 052 

V IV 

582 1.-72,) .(052 --I,.+- 9 78.'6 5-4 8 9 

..... .j ....  

78 548 9 75 .4 

..~~ ~ ....... 5......... .9 5 7 3 

* The minimum 1owabile 4Cd c tpoe to pr Yen±jrop-out tof rpnning 
contactors woild be 111.2 volts based upon the requirement of 64 
volts as miium oeratilgvotage ote coil and i eMCC voltage 
20 beig 3 tims -the -- e tra voltage (120) 

Case 11 MCC-10).  

CWD 638 Feedwater Heater Discharge Valve V2-6A 

--A Given-.------
1. Coltrol Cable - 1450' of #16 Awg (Fron CCL) 

2. edanq eof a ble1  . e 00 4per OO 

B. circuit - Sed FJgure 1, Page 2 
C.. CaldulIt in.  

able 145:0 4. j.0)=. +0.05 
.4,4 jO.04) 644 4J 

--- -------- 4 _ 4------- . ~ . -

IV 

II V 1718 5&4 ._9_= 5.46 -0.1997 -.  

179.2 L+ j54 .96 577.5 
The .7nImurratombiTeCcvol ta eo are en op ut of ruhning coniators 

would be 1L1. v..  
FORM 58? REV 7-71 1.1-86



EBASCO SERVICES INCORPORATED 
Y R.L.Forester DATE 7/21/81 NEW YORK SHEET 5 oF 5 

DE PT.  
CHKD. BY I.V.N. DATE 7/20/81 oFs No. CAR 2762 NO. 504 

CLIENT CAROLINA POWER AND LIGHT COMPANY CAL #5 

H. B. ROBINSON #2 - DEGRADED VOLTAGE ANALYSIS 
PROJ ECT 

SUBJECT 208 MCC STARTER ANALYSIS 

S1MRYh L 

. ..s..I --.- ......... . - - -

1. [Midimum accept1 le MCC oltagd for Starter Coil Pic -Up Consideration 

Minimum Mininum 
table ---able aolt --- s- -Acceptable 

Case MC Size Length 1Size PickUp 1Alloiwable MCC Voltage 

130 1691 996  2-1 166.7 

II #10 1 1450 16 1 92 96.6 16.7.4 .1 9 6 ........ _ -.6....  

2. Minimum ace le MCC 1tag fo Sta ter Coil Drop Out Consid ration 

S 11-n Minium- -- Mini mum 
e Cab1 Cable Volts LN Voltage Acceptable 

Case MCC Size Lenth aSiz Drop--Out Allowable MCC Voltage 

I 9 1 131 16 64 64.2 111.2 

6 4 - - -2 -1 

2 j lll 2 
.. . .... -- - -- -- .- ... ......... .. .. .  

IORM 581REV 7-7 

I -87. ........... .... .  

.......... 

-- - - --- -- - - - - - - ---- - - - - -

- - - - -- '.-- -I-- 

-I-~~~~~~~ --- - ----. 1 - -- I 

. . . . . . . . . . . ............ . . .  

FORM 581 REV 7-71 
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EBASCO SERVICES INCORPORATED 

BY I. Naravani DATE 09-20-82 SHEET - OF 

CHKD.BY DATE OFSNO. CAR 2762.024 DEPT 504 

CAROLINA POWER AND LIGHT COMPANY 

O'ErCT H. B. ROBINSON #2 - VOLTAGE DEGRADATION STUDY 

SUBJECT COMPUTER INPUT DATA CALCULATIONS 

NUMBER OF SHEETS: 3 

CALCULATION NO.: 6 

PROBLEM: 

Determine bases for the computer model to calculate verification 

voltage values.  

Information obtained from summary of in-plant test results.  

ev. Sheet Name Date Name Date Name Date 
No. Nos. Calculation By Checked By Approved By 

PRELIMINARY FINAL X SUPERSEDES CAL. NO, 

581/8-81 11-88



EBASCO SERVICES INCORPORATED 

BY I. Naravani DATE 09-03-82 SHEET 1 OF_ _ 

2762.024!f DEPT. 0 
CHKD. BY ' 0"DATE . OFS NO. 2762.024 NO 504 

a TCarolina 
Power and Light Company 

CT H. B. Robinson 

SUBJECT Degraded Grid Voltage Analysis CAL No. 6 

COMPUTER INPUT DATA CALCULATIONS 
BASED ON."IN-PLANT" TEST RESULTS 

1.0 Running load of starting motors 

.1 Test No. 9.1 dated 2-13-82 

4160 Volt bus load before starting of 350 hp Aux. Feed PP. 2A 284 Amps.  

4160 Volt bus load after starting of 350 hp Aux. Feed PP. 2A = 315 Amps.  

Running load of Aux. Feed PP. 2A: (315-284) = 31 Amps.  

H.P. = F3 x 31 x 4140 x .916 x .943 
746 

= 257.39 hp 

CM 257 

Motor Nameplate rating - 350 hp 
LRA/FLA Ratio 5.1 

.. Adjusted LRA/FLA for Running load of above motor 

= 5.1 x 350 6.95, 
257 

.2 Test No. 9.2 dated 2-13-82 

4160 Volt bus load before starting of 125 hp Service Water 
Booster pump 2A = 316 Amps.  

4160 Volt bus load after starting of 125 hp SWBR 2A = 330 Amps.  

Running load of SWBP 2A (330-316) = 14 Amps.  

H.P. = .F3 x 14 x 4140 x .88 x .92 
746 

= 108.95 hp 

4t 109 hp 

Motor Nameplate rating = 125 hp 
LRA/FLA = 5.8 

Adjusted LRA/FLA = 5.9 x 125 = 6.77 
581/-81 109 

11-89



EBASCO SERVICES INCORPORATED 

BY I. NarayaniDATE 09-03-82 SHEET 2 OF 3 

CHKD.BY DATE OFS NO. 2762.024 DE 504 

Carolina Power and Light Company 

BT H. B. Robinson 

SUBJECT Degraded Grid Voltage Analysis CAL No. 6 

.3 Test No. 9.3 dated 2-13-82 

4160 Volt bus load before starting of 6000 hp SGFP 2A = 2504A 

4160 Volt bus load after starting of 6000 hp SGFP 2A = 3000A 

Running load of Steam Gen. Feed Pump! (3000-2504) = 496A 

H.P. = -13 x 496 x 4140 x .88 x .92 
746 

= 3859.88 hp 

e 3860 hp 

Motor Nameplate hp = 6000 hp 
LRA/FLA Ratio = 5.8 

, Adjusted LRA/FLA = 5.8 x 6000 = 9.02 
3860 

0 System load on various buses used for computer input.  

.1 Running motor load on 4160 Volt Bus Nos. 1 and 2 

Total load on 4160 Volt Bus Nos. 1 and 2 before test = 2452 Amps.  

Total load on Station Service Transf. 2A + 2B = 284 + 113 = 397 Amps.  

.', Running motor load before test on 4160 Volt Bus Nos. 1 and 2 = 2055 Amps.  

H.P. = F3 x 2055 x 4140 x .88 x .92 
= 15992.06 hp 

0:15992 (Equivalent hp) 

.2 Total running load on 480 Volt Station Service Transf. 2A 

= 284 Ampa: (480 Volt Bus No. 1 + El-+ MCCs) 

H.P. = J3 x 284 x 4140 x .76 x .92 
746 

= 1908.72 hp 

: 1909 hp (Equivalent hp) 
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EBASCO SERVICES INCORPORATED 

BY I. NarayaniDATE 09-03-82 SHEET 3 OF 3 

OFSNO. 2762.024 DEPT. 504 
CK.B "44ADATE S110______NONO 

* T (>Cnrrnina Pt-wt.r and Tight Company 

OJECT H. B. Robinson 

SUBJECT Degraded Grid Voltage Analysis CAL No. 6 

2.0 (Continued) 

.3 Observed running load on 480 Volt MCC No. 1 112 hp 

.4 Observed running load on 480 Volt Bus No. 1 188 hp 

.5 Observed running load on 480 Volt MCC No. 5 582 hp 

.6 Running load on MCC No. 10-3.3 hp (MCC feeding MOVs. The load 
was confirmed by 8-26-82 test data).  

.7 Running load on Inst. Bus No. 1-3.7 hp (load confirmed by 8-26-82 
data).  
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EBASCO SERVICES INCORPORATED 

By I. Narayani DATE 09-20-82 SHEET - OF 

CHKD.BY - DATE OFS NO. CAR 2 7 6 2 N0 2 4 DE. 504 

T CAROLTNA POWER AND LTGHT COMPANY 

CT H. B. ROBINSON #2 - VOLTAGE DEGRADATION STUDY 

SUBJECT POWER FACTOR VERIFICATION CALCULATIONS 

CALCULATION NO: 7 NUMBER OF SHEETS: 1 

PROBLEM: 

To determine if the calculations based on the extrapolated power 

factor values scaled from the motor characteristic curve agrees 

with the measured power factor value during in-plant test.  

0D_ Ai k/ a~ ___ I__A

ev. Sheet Name Date Name Date Name Date 
No. Nos. Calculation By Checked By Approved By 
PRELIMINARY FINAL X SUPERSEDES CAL. NO.  
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EBASCO SERVICES INCORPORATED 

BY I. NarayaniDATE 09-13-82 SHEET 1 OF 2 

CHKD. BY DATE OFS NO. 2762.024 DE N: 504 

Carolina Power and Light Company 

JECT H. B. Robinson 

SUBJECT Degraded Grid Voltage Analysis CAT, Nn 7 

POWER FACTOR VERIFICATION CALCULATIONS 

Basis: In-Plant Test Data Dated 8.26-82 

1. Measured load on 480 Volt Bus E-1 1260-1290 A 

2. Measured load on 480 Volt MCC-5 260-270 A 

3. Observed operating loads on 480 Volt Bus E-1 

Nameplate hp Brake Horsepower 
Rating Rating 

.1 HVH-1 350 117 

.2 HVH-2 350 117 

.3 SWP-A 300 275 

.4 SWP-B 300 275 

. Measured resultant Bus E-1 power factor 0.76 lag.  

5. Measured resultant MCC-5 power factor 0.85 lag.  

Calculations: 

Total load in hp on MCC-5 using measured average load 

= -.F3 x 265 x 480 x .85 x .92 
746 

= 230 hp (Equivalent hp) 
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EBASCO SERVICES INCORPORATED 

BY I. Narayani DATE 09-16-82 SHEET 2 OF 2 

t1-J14AADEPT.  CHKD. BY 9DATE */'t OFS NO. 2762.024 NO 504 

* T Carolinn Poweir And Tight Conmpany 

PROJECT H. B. Robinson 

SUBJECT Degraded Grid Voltage Analysis CAL. No. 7 

Loads bhp kW Kvar Kva 

HVH-1 117 .60 87.28 116.37 145.47 
HVH-2 117 .60 87.28 116.37 145.47 
SWP-A 275 .86 205.15 121.73 238.55 
SWP-B 275 .86 205.15 121.73 238.55 
MCC-5 230 -.85 171.58 106.33 201 86 

TOTAL 756.44 582.53 969.9 

Total Amps: 969.9 x 1000 = 1268 Amps 
1268 Amps 

x 480 x .92 

Angle 37.60, PF = 0.79 Lag.  
Measured PF = 0.76 - 0.78 Lag.  

Error 1.2% - 3.9% 

Instrument used Esterline Angus Model A601C 

Instrument accuracy + 1.5% 

Based on the instrument accuracy and the extrapolated power factor values 
corresponding to the bhp rating, the above results are considered satisfactory.  
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EBASCO SERVICES INCORPORATED 

By R. L. ForestegATE 09-20-82 SHEET OF_ 

CHKD.BY DATE OFS NO. CAR 2762.024 DEPT. 504 

T Carolina Power and Light Company 

CT H. B. Robinson No. 2 

SUBJECT Bare Minimum Cold Shutdown Loads 

CALCULATION NO.: 8 NUBER OF SHEETS: 1 

PROBLEM: To.determine worse case cold shutdown plant loads for computer 

analysis (Reference No. 10.8).  

Sheet Name Date Name Date Name Date 

Nos. Calculation By Checked P1 Approved By 

PRELIMINARY FINAL X SUPERSEDES CAL. NO.  

581/8-81.  
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EBASCO SERVICES INCORPORATED 

By R. L. Foreste6ATE 08-06-81 SHEET 1 OF 

CHKD. BY DATE 7OFSNO.CAR 2762.024 DEPT.  
CHKD.OF NOY NO.______ 

Carolina Power and Light Company 

PROJECT H. B. Robinson No. 2 

SUBJECT Bare Minimum Cold Shutdown Loads CAL8 

The following was obtained from an 8-6-81 telecon with S. Allen of CP&L* 

BARE MINIMUM - COLD SHUTDOWN 

Quantity Name HP 

1 Circulating Water Pump 1750 

1 Station Air Compressor 100 

1 Spent Fuel Pump 100 

2 HVH Units 350 ea.  

2 Service Water Pumps 300 ea.  

1 Component Cooling Water Pump 350 

1 RHR Pump 300 

WORST CASE BUS CONFIGURATION 

X-Bus Y-Bus 

4160 Bus No. 1 1750 (CWP) 

480 Bus No. 1 100 (SAC)* 

480 E-1 350 (HVH) 350 (HVH) 480V E-2 

480 E-1 300 (SWP) 300 (SWP) 480V E-2 

480 E-1 350 (CCP) 300 (RHR) 480V E-2 

480 Bus No. 2B 100 (SFP)* 

* Available only on X-Bus 

Assumption: Since SAC and SFP are only on X-Bus, Y-Bus must have bare minimum 
load, which will consist of 950 connected horsepower. We will 
assume that these motors will be running at 700 hp which is more 
conservative. Also, we will assume a static load of 500 kVa on 
MCC No. 6 and is kVa on MCC No. 9.  
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EBASCO SERVICES INCORPORATED 

BY I. NarayaniOATE SHEET OF

DEPT.  
CHKD. BY DATE OFS NO. NO.  

CAROLINA POWER & LIGHT COMPANY 

H. B. ROBINSON UNIT NO. 2 - DEGRADED GRID VOLTAGE STUDY 

MOTOR NAMEPLATE DATA 
SUBJECT 

CALCULATION.NO: 9 NUMBER .OF .SHEETS: 4 

PROMBLEM: 

Motor Nameplate Data obtained from CP&L's Record file.  

Sheet Name Date Name Date Name Date 

Nos. Calculation By Checked Py Approved By 

PRELIMINARY FINAL X SUPERSEDES CAL. NO.  
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EBASCO SERVICES INCORPORATED 

I. Narayani 911 4 
BY DATE SHEET OF 

DEPT 

CHKD. BY DATE OFS NO. 2762.024 NO.54 

Carolina Power & Light Company 

ErCT H. B. Robinson Unit No. 2 

SUBJECT Degraded Grid Voltage Analysis CAL #9 

Motor Data (obtained from CP&L Record files) 

1. Reactor Coolant Pump 

6000 hp, 1200 rpm, FLA - 760, LRA-4800 

Load 100% 75% 50% 
Eff. % 92.5 91 87 

Full load power factor 0.925 
Starting power factor 0.16 

LRA/FLA = 4800/760 = 6.3 

Design Point Brake. horsepower = 5067 

Adjusted LRA/FLA for design point brake horsepower 

= 6.3 x 6000 

5067 

= 7.46 

Extrapolated power factor value at bhp - 0.91 

2. Steam Generator Feed Pump 

6000 hp, 3600 rpm, FLA - 715, LRA - 4000 

Load: 100% 75% 50% 

Eff. % 96.2 96.2 95.2 

Full load power factor 0.93% 
Starting power factor 0.17 

LRA/FLA = 4000/715 = 5.59 

Design Point Brake horsepower = 5428 

Adjusted LRA/FLA for design point brake horsepower 

= 5.59 x.6000 
5428 

= 6.18 

Extrapolated power factor value at bhp - 0.92 
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4 EBASCO SERVICES INCORPORATED 

By I. Naravani DATE SHEET 2 O A 
2762.024 DEPT. 504 

CHKD.BY DATE OFS NO. NO.  

Carolina Power & Light Company 

CT'H. B. Robinson Unit No. 2 

SUBJECT Degraded Grid Voltage Analysis 

3. Condensate Pump 

3000 hp, 1200 rpm, FLA-370, LRA - 2040 

Load: 100% 75% 50% 
Eff. % 95 94.9 93.8 

Full load power factor 0.919 
Starting power factor 0.21 

LRA/FLA = 2040/370 = 5.5.  

Design Point Brake horsepower - 2702 

Adjusted LRA/FLA for design point brake horsepower 

-5.5 x 3000 6.1 
2702 

Extrapolated power factor value at bhp - 0.91 

Circulating Water Pump 

1750 hp, 225 rpm, FLA - 264, LRA - 1320 

Load 100% 75% 50% 
Eff. % 93.6 94 93.1 

Full load power factor - 0.76 

Starting power factor - 0.25 

LRA/FLA - 1320/264 = 5 

Design point Brake horsepower - 1685 

Adjusted LRA/FLA for design point brake horsepower 

= 5 x 1750 = 5.19 

1685 

Extrapolated power factor value at bhp - 0.76 
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EBASCO SERVICES INCORPORATED 

BY I. Narayani DATE SHEET 3 OF 

2762.024 DEPT. 504 
CHKD.BY DATE OFS NO. NO.  

Carolina Power & Light Company 

WECT H. B. Robinson Unit No. 2 

SUBJECT Degraded Grid Voltage Analysis 

5. Heater Drain Pump 

700 hp, 1800 ipm, FLA - 85.5, LRA 515 

Full load Eff: 95.5% 

Full load power factor - 0.926 
Starting power factor - 0.217 

LRA/FLA = 515/85.5 = 6.02 

Design point brake horsepower - 625 

Adjusted LRA/FLA for design point brake horsepower 

= 6.02 x 700 = 6.74 
625 

Extrapolated power factor value at bhp -.0.91 

6. Auxiliary Feed Water Pump 

350 hp, 3600 rpm, FLA - 379, .LRA - 1931 

Full load Eff: 94.3% 

Full load power factor - 0.916 
Starting power factor - 0.206 

LRA/FLA = 1931/379 = 5.09 

Design point brake horsepower - 325 

Adjusted LRA/FLA for design point horsepower 

= 5.091x 350 = 5.48 
. 325 

Extrapolated power factor value at bhp - 0.91 
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EBASCO SERVICES INCORPORATED 

I. Narayani A I1'Lo) g__4 A 
BY I.__________ DATE SHEET 4_ OF_ A 

CHKD.BY _ DATE OFSNO.2762.024 DEPT 504 

Carolina Power & Light 
Company 

W CT H. B. Robinson Unit No. 2 

SUBJECT Degraded Grid Voltage Analysis 

7. Service Water Pump 

300 hp, 1200 rpm, FLA - 347, LRA - 2101 

Full load Eff: 94% 

Full load power factor - 0.86 

Starting power factor - 0.329 

LRA/FLA = 2101/347 = 6.05 

Design point brake horsepower - 275 

Adjusted LRA/FLA for design point brake horsepower 

6.05 x 300 
275 

= 6.6 

Extrapolated power factor value at bhp - 0.86 
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SECTION - II 

F. Design Point Brake Horsepower Pump Curves.  

S 

Input By K. D. Kraynick Date February 9, 1982 

Input Verified By 14 4- i Date 9 ft 

Results Checked By Date 4I21 $L6 
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SECTION II 
F. Design Point Brake Horsepower Pump Curves 

This section includes pump performance curves and mechanical design 
criteria for the large pumps. Test stand records for the pump and/or 
motor when found, is also included.  

This information was obtained from the CP&L record files by 
Mr. K. D. Kraynick during site visit of February 1, 2, and 3, 1982.  

The information has been summarized on the top cover sheet of each 
document package. The summary includes the manufacturer,.model number, 
head, capacity, speed, operating/maximum horsepower, efficiency and 
performance curve reference.  

A review with Plant Operations of their records indicated that a few of 
the pumps have recently been tested for head and capacity while some 
of the other pumps have been tested for differential pressure only.  
In all cases, the pumps .are running below their design point thereby 
validating original design .criteria.  

The design point brake horsepower values of these pumps as obtained 
from the performance curves are summarized in Section I, Table 2.  
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Section I 

INTRODUCTION 

1.1 GENERAL DATA 

(For hot and/or cold performance, see Figures 5-1 and 5-2.) 

Electrical and mechanical design characteristics of the Reactor Coolant 

Pump V11001-BI are listed below in Table 1-1.  

TABLE 1-1 SUMMARY OF GENERAL DATA 

Characteristics 
Model....... .................. V11001-B1 
Type. . . . . . . . . . . . . . . . . . . Single-Stage, Centrifugal 
Head...... ................... 266 feet 
Flow...... ................... 88,500 gpm 
Impeller . . . . . . . . . 7. . . . . . . Seven-vane, single-suction type 
Motor 

Brake Horsepower 

Cold (specific gravity 1.006). 6843 
Speed .................... 1190 (Hot) 

1187 (Cold) 
Insulation .. . . . . . . . . . . . . . Class B 

Voltage ...... ............... 4,000 Volts 
Current 

Hot (specific gravity 0.745) . 638 Amps 
Cold (specific gravity 1.006). 858 Amps 

Frequency..... .............. 60 cps 
Phase..... ................ 3 Phase 
Power Input 

Hot (specific gravity 0.745) 4072 KW 
Cold (specific gravity 1.006). 5469 KW 

Cooling Water Requirements 
Upper bearing oil cooler. . . . . 150 gpm at 1050F 
Lower bearing oil cooler. . . . 5 gpm at 1050F 

Oil Capacities 
Upper oil pot . . . . . . . . .. . 175 gallons 
Lower oil pot . . . . . . . . . . 25 gallons 
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Flywheel 
Diameter . . . . . . . . . . 72 in.  
Weight . . . . . . . . . . . 12,150 lb.  

Pump 
Thermal Barrier 

Cooling water 
requirements . . . . . . 25 gpm at 105 0 F 

Seal Flow 
Injection water. . ... . . . 8 gpm at 130OF 2250 psig (approx.) 
No. 1 Seal............. 3 gpm 
No.2Seal............ 3gph 
No. 3 Seal . . . . . . . . . 100 cc/hour 

Loop Temperature 
(Nominal).............. 555 0 F 

Loop Pressure (Nominal). . . 2250 psig 

1.2 GENERAL DESCRIPTION 

The Model V11001-B1 Reactor Coolant Pump (see Figure 1-1) is a verti

cal, single-stage, centrifugal shaft seal pump designed to pump large volumes 

of main coolant at high temperatures and pressures. The pump is designed to 

produce a differential head of 266 ft. (measured from suction to discharge noz

Ele) while pumping 88,500 gpm of main coolant at a temperature of 555 0 F and 

The pump consists of three general areas from bottom to top. They are 
the hydraulics, the shaft seals, and the motor.  

1. The hydraulic section' consists of an impeller, diffuser, casing, thermal bar

rier, heat exchanger, lower radial bearing, main flange, and pump shaft.  

2. The shaft seal section consists of three devices. They are the No. 1 
controlled-leakage, film-riding face seal and the Nos. 2 and 3 rubbing face 

seals. These seals are contained within the main flange and lower and upper 
seal housings.  

3. The motor section consists of a vertical solid shaft, squirrel cage induction

type motor, an oil-lubricated double Kingsbury-type thrust bearing, two oil

lubricated radial bearings, and a flywheel.  

Attached to the bottom of the pump shaft is the impeller. The reactor 

coolant is drawn up through the impeller, discharged through passages in the 

diffuser, and out through the discharge nozzle in the side of the casing. Above 

the impeller is a thermal barrier which contains a heat exchanger. The thermal 
barrier limits heat transfer between hot system water and injection water.  

High pressure injection water is introduced through the thermal barrier 
wall. A portion of this water flows up the shaft to the seal area while the 

remainder flows down the shaft where it acts as a buffer to prevent system 
water from entering the radial bearing and seal section of the unit. The heat 

xchanger provides a means for cooling system water to an acceptable level in 

FPL 

11-107 CPL



the event injection flow is lost. Mounted on an inside diameter of the main 
flange above the thermal barrier is the pump bearing which is of the water
lubricated journal type with a spherical seat for self-aligning.  

The seal system controls the upward flow of the high pressure injection 
water. The leakage of the No. 1 seal is channeled to the Chemical and Volume 
Control System. The leakage of the No. 2 and No. 3 seals is channeled to the 
sump.  

The motor is an air-cooled, Class B Thermalastic Epoxy-insulated, squir
rel cage induction motor. The rotor and stator are of standard construction 
and are cooled by air. Six resistance temperature detectors are located through
out the stator to sense the winding temperature. A double Kingsbury-type thrust 
bearing and radial guide bearing are located above the stator. These bearings 
are lubricated by oil which is circulated through the bearings and cooled in a 
vertical heat exchanger. The heat exchanger is attached to the side of the 
motor. Below the stator is a lower radial bearing which is also cooled by oil 
circulating through it. This oil is cooled by an integral heat exchanger. At 
the top of the motor is a flywheel and an anti-reverse rotation device.  
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INSTRUCTION BOOK 
HEAT EXCHANG.E EQUIPMENT 

FOR 

CAROLINA POWER & LIGHT COMPANY 

UNIT NO. 2.  

HARTSVILLE, SOUTH CAROLINA 

Equipment Serial No.  

2-225,000 Sq. Ft. Surface Condensers 16-A-6210-1,-2 
3-90 MT Circulating Pumps 16- A-6211-1,-2,-3 
2-Byron Jackson Model 28 KXHO Condensate Pumps 16-A-6z IZ- i,-z 
2-Nash Model CL-3005 Vacuum Pumps 16-A-6214-1,-2 

4-14,700 Sq. Ft. Moisture Separator Reheaters 16-A-6217-L-2,-3,-4 
2-18,069 Sq. Ft. #1 L.P. Feedwater Heaters 16-A-6218-1,-2 
2-10,261 Sq. Ft. #2L.P. Feedwater Heaters 16-A-6219-1L-2 
2-11,009 Sq. Ft. #3L.P. Feedwater Heaters 16-A-6220-1,-2 
2- 9,638 Sq. Ft. #4 L.P. Feedwater Heaters 16-A-6221-1,-2 
2-10,080 Sq. Ft. #5L.P. Feedwater Heaters 16-A-6222-1,-2 
2-18,503 Sq. Ft. 6 H.P. Feedwater Heaters 16-A-6223-1,-2 

General Order No. CH-25411-AR6-T3 
CH-25412-AR6-T3 
CH-25413-AR6-T3 

Instruction Book Shop Order 16-A-6209 

Instruction Book 1310-C786 

October, 1968 

WESTINGHOUSE ELECTRIC CORPORATION 

South Philadelphia Works * Steam Divisions Essington, Pa.  
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'b@d SPECIAL DATA 

CONDENSER 

Cooling Surface, Sq. Ft. ................................... 225,000 

No. of Water Passes .........................................**... 1 

Steam Condensed, lbs/hr ................................... 2,702,500 

Cooling Water Supply, gpm .................................. 241,000 

Cooling Water Temp. 0 F. ................................ 70 

Tube Cleanliness Factor ...................................... 85% 

Absolute Pressure - inches of Hg. ........................ 2.0 

Tubes 

Number ................................. 16,902 354 

Size . ................................... 1" O.D. 1" O.D.  

Gauge ................................... 18 BWG 22 BWG 

Length ................................. *.50'o" 50'o 

Material ............................... Admiralty Stainless Steel 
Type 304 

CIRCULATING PUMP 

Ca PaC , pa-.... . 16o:700 

Total Head in ft. of water ............................. 35.3 

Submergence, feet of water ............................ 12 

Speed, rpm ........................ ..........** * * * * ..** .. 220 

Motor Rating, hp ...... ............................ 1,750 

CONDENSATE PUMP 

Capacity, gpm ............................................. 8,000 

Total Head in ft. of water ..... ........................... 1,130 

Submergence, feet of water ......................... **..  
Speed ........................ ................ *.*.*.*. * 

Motor Rating hp ..........................................  

VACUUM PUMP 

Nash Model CL-3005, Single Jet, Having A Holding Capacity 

of 24 SCFM at 1" Hg. Absolute 

*See Performance Curve 

Instruction Book 1310-0786 1 

11-113



T1 14:.  

4~- -tt 
7 . -: 

41 -- 'T4 , -4 1-1~.  

J '1 
... .... ..... 4 

4 41 1 I.. .f 4  -- T 

T7 

: : : : ... ... ...  

4 -, 4 a 

II~~~~.. ... 1.4.L.... ...  

~ 4t4 :,, tt:: r .7.+ 7 

1 it ... .. ..  

. . . . . . . . . .............. .  

4.f 

-77 .;; ....  

* 1 j1 

SIGNATURE________ DATE____ CURVE NO.h LA9~fk 
11-114



T PUMF IS CUA ANT 10 0 LIV TRD'1AiC D 

. FFI IENC'MOC SSE NIN LUR I 

F 8 GE14CE :j 

..... F DYNAMIC SCTI >N LFT 

THIS CURVE SHOWS XPE :TEr HE 0 

EFFICIECY AT- DTI- R APA PITI : 

7w 77

;j 7! t I,, r 

(L IL 

-4 '.~' -- 1 a 

0 7 v -- ~I -' I
I.I...i'-. 'I 

,I~ Id JTF; Ii -? 

m' i T77 77-7 

47 74 0! IT, 

TTI F 
_4 

J.- 

I 1k 

Iii, 

j. 

Q Uti 
I0 

1 2 1 
IF 'I. -I 1__ 

-~~~~~ J/~ 9ltJ II 
19 :: I i 

*W P 04 y



73 

c ncc 

-<

07 L



it V 

UI WON 111 *u 151 11 ii:: 

N 1,411 ' 

i4 
7v1.  

II t I.! I 

-s .4"a .  

It 9,4 Q.  

C4 nt Unit., PLj~ 

-ISM In 

at)IV NO .. 9 .... L ., 

..................................................................................



.1 'Sll.. I T -

- - - -- - - ----- 

Iths -1
w 4, 

AFb IL w; IV 

-1 of 

s. roismj 

-. res 

tol io 

.,a.''2 

.w *&a I Ri> 

. -I I 

A-I Pool*t 

400 a 
.4 

PU P 

II-118



i 7-i 
" .7-T-7 1 

LA Zi q 

1*~71 

J1 772~i: 

t *--~ ~ 1 .' 

old_ 

-~ 170 

2 
-.. *9 

A:F; 

r:r 

a !I! 

-
'--V 2Jr 

11-119



-t4, ,* 

ITC 

A. 3. 
,.



ODA 

A SAEq 

.
t atte O q00 AP11--t 1

OdMNIr 
DATE 1 

6 
D .~7--- _ATAFultISMEOlly SELLeg 

*ir ic.ij 

- A S V, r V . P h C R V IC E F A C T O e 

040 Os COLL LOAD RPio 

- FULL LOA AMP SER IC rA 
LOC F ROY AM 

5 
ORL5 C P 14 01SLIA 7 !D, 4, T RTlrT R6 

V PLLI..0UTTOR IS IN$ ; AI T 'AM~~ 1,- P A ItT 
T 

LE. F.  
ENT -F ULL LOAD.16 AMlApI D 

OR EFF 1 LCAD. 1

9 'EAF,.-IULL LOAD.  19 l~AI!%G 

. . 3d-- - .....  
20 aF&Ql c '.1 vvz-ou- 

o- 3 4 L OAD 
21 ALF Co r. 

L L . - u A D O ~ ~ ~ f 
P .C 

A T . .!- LrO C-~ ? ? L A i 22 
r 

SPC Hcr S 

RADIAL r 0 e 4~~ Jp-l P--

5 OVE SO: -U THRUST BEARING . y S C 1G F PARINGSr Q I .04R, C ONr FLA NACT1)4 in. SNC pIA e els oe r n 8z r ER. T .C 
ISPL- E , . TL 8 ~ ~Sys P M AO 1 TER1MINA: T, Pr -R 

O;lnf~ IL PRE~RNZ ~ 
AD:,L - ~ f ., QC I REC D EA. BO P A O RAI!j SPT'I PA#AF PA caA7f cOR TA 

* CODE LETTER 

PER0ISSF E STARTS PER MR 

COL D E 
'SD T O 

6- - "OT A! AMBIENT TEIAP 
SMAFT 

AOO..) ATdA T 
COU~ a.~ SEL.DEL ~SE - -- YPSEALE IN UL. So. -

SCI ID. 
No. vE - -- - DL SCRIPTION OF N u ADusINE SULY 

ADJL'S7*Pi t ": FXIeLE- 

..  
ISYS 

P .-* 2MI1O.ja L bs.  
M21 & y 

eEftT. MIN .:g T QLIT 

MIN DOeN '.Rbs 

LWO T04 MC.

DE s 

)E O 
-

-

-- 

li P A AirF' -

Air te 

I~~~~~~~~ 
-~c ---

L 
-----A" E L N~ --

c A 'a BASED ON Noe 

to~~~ 
DteTAa notoes * % pdce to 

*'4- PP To IEOTICA L M O TORS ON . YO ~ ~ o f~ '%AT& TIF0*kiS STIM1ATED 

rr3 *Mos" .  

11-122



.A\I Pur-Tr;,j 0 cCNJF, 

iJT(Z A~xg V7?D Wo5C N 

Rf U-p PEZ C-j-L J C' P-I Q 

F F- tJ CL '4 C' 

11-123



C .. 0 d1y s a-h 1..3 C.  

** cuVE N 4.D43E7 
ftA pm OU A.PU 4IAU.i 8H S.  A 0 

0*01 ft to,4e. L#04# CfI . C ,L 4I, q WO I T"N 

.a cm estc CUR E 

£'ri vulba a-4 9T *--*-- ... Z . m A 

givon 25, -rw asAPA0

uHPP Sp6621 Go. O. 30 

4C12 
... .. .... .  

D~~~~rC c.JT !* 

4 

~pu qQ68: O0 1M.OP4 u 

I-. I, _ _-Y



'4 Irv-.  

.4 o , u 

*- .
.. .. 700 

coo 

o * I . .' 

n * I 

A R*u s c57 cu* 

a~~1 2 5ne AP0

.. 

.
.. .. _ _ 

.P40 

40.  

. ... . ..... ...  

-I o 

PUMP NQ 68 
6 1  ODER. NO. 80 -3C4 

u., qaese W a hm



TI A 'A * Ag!* 

I... ...-.  

.. .. ..... 
... . . V 

% 
5 

. .... 
.. .....  

E Art., 

.17~ 

. . ... ..  

.i ...I .... . .. .. ..  

4 .ffF7 
I.T 

Go 11-12 

I toll



ua .l 01 o di 4 . WI l 

- 19' '1 - ' '- 1 "1 

R, f} I 4: 

H~ - ... r .; 4 .1: :~1 

-1 i t 1 1 * 

...  

-s.* o 

th . b t i df' S115C MA ri w i 

it im 

I 41V jlh~ .. V 

d i ' ':.1i1 

~~ Ij 

. I w .7P 

aq-4 

..l .1 J I 11 1 I Oi 

u WIN A is l j if Ni 

94I N1 W! 0' 1. IiN1. -r 11 fil i 

fiMA 

fwil 191 al :Fji F 

d~~i 7P., I li; j i I 

fillU Fii~ ill :ll 

A 3 !Vvj b A1:3 : : . .. ...  

,, .iA .:.  

II-127



: . * .A? . .  

* . . *V.: 

. : i - .* - -

T . . .. .. ... .  
s ~ ~ ~ ~ ~ ~ 7 ::::r * *. ; .) 4 

. .- . . . . . . .. . . . . . .. . -

. ~ ~~~~~~ .. ... .. - . .. . ..-

.1*: 77 , .. .. .... ...  

2..H 

.: . .. .. .. .  

. ** 

:.A: ......  

II-128



-Now 

V@TAL MEgAD mS PS 

.,.~~ rim__ 

J: 1 i; ____ - I 

. : !'i .. I lill II I I I a l , 

i* i ii[:jf j 1 ,1 1 . II ! I1 011 I 
!! Ei li il illI r[ji, '1 | R1 Il I 1I 1 l 

NjHM 7', ~j ; 
il 1 !11 H f 

is.i 

1E. '..  

illOB 41 l-1 

131 . . :;. I. :. I I.5 ;*.* : ; 
W. I 1 

~~in :z: a; Hj:~;4 

Pim i 41 w 

. . ... .:::

.I .. .... ..  

il" 

!!T ! U roll I 0 

3 il I& .1i' 

_mu 4 

h! 1 

' l ' ' I 

1.1: r: 7.r I 

175 .17t 
rn 5alaip 

J..~~ .. . .J: 

4, I l I 

IttL 
i~ ..  

1tj 

t* Of.  :R T:11 ~ ~ ~ ~ ti11iV * 
311 :.i. Uo..,di 

.1ip 1 -.  

5: 1 I 

.q 1 I , iJ IL 

MY 11-129



4.4 

Sir 

--- ..  

.. ..  

-.. . ..  

mesa~ ai CM 

.p 14 ,'



PUmFl 

t\jj(-\(:t-r, ", -TkJ 0 
-TQC- rn 

C

I J'- Y- J C OOL-L j u r z rz 

c, Cz S

P-ump SPEED 

PUt p E(:1 7tCkCQCy 

7 3 ()jZSt(;-j I&QA eC qoZ,5f PowkrZ 

MAyrrum 5 (zAtc poe ;CP( ,wVZ 

Rjt--p 

L L 

-11-131



.;...J 

M.PAu 

ZR A 

. !.:. IM-ii I:4 VN"r MI 14 8 

... ..... .' 

4. a

Ab 44.  

-t I t 

;It 14 It ~1 
::: .. E.  

.- . .. .~* .f ..1 .... ... ~i ...-....  

.. .. . .... a



PCC PURPS, SIC. NWIMiMN tALCAwl KM r IMT DATA M3 @LW 

rzum. v ~rum0 

- o oratoe- I a a 4 a79 1 1 o 

Ow" ,o~ I -O -8 -y- 6-- -

'3 
IL VBAS~.__ 

30 * ceamec*.2.~ umem-

cu" 
41 __________ 

44TU & a '- V~ folr-Slte1704716OIW 
_ _ _ _ -zti~lvy* - -- - - -I



PACOW PUs. -H~fw~iW CAP PUMP TEST DATA 13? M UW M 
I I 8 T~at " Steege fQUAWANTEED PUMg40Ceaooe ,,Any or-oft GRoN-G CONOaIONS c* ,,rACTO r 

P O s, croo.. 4 .. e... T 6q / . .-- 9 ' A 

Dan . ar te .  

TATET 9 

sa *< *M- 
TEs * * /*/ 

sUC s Ic " 0so s 2.&/ '2 4 2 
* Suc rT1* g.. e.. - - - - / -4 4- 

7 S OO" ESo ap . p.. Go. 77 COA .8 s, 7.a wo ' raw 
* DesCAEeTG... 3cy 43 343 3 4 

*o m e e * * * f O . . s .  gp __,.-., 2otSE* pa, 
** Prusvanesepy v f 4 

m 44m 34425 oo is F- Vat .. e ---. /* 
A o r-E- -- -r . ' -3 / / ct 

IS OPow-cPs/4 S~g 4 
77 /7 45PC ore 

a Of 7 r 7-'-- -p - - --------- /G 
to4 GP ACeo e( r SRt 

Zoo 

zo o



Aww 

rnsm~arTWa Ao,4tA'"e TEST Pamw **--- aoMUwe 

ressTnaere 49uW11A/,4 sadja S,.dff 
#yen No. - P.O. A -4 1sie 12.£ Ls . eae,...  

s.M.LL90 e F l M. r A 2- 

AteD DeAMent /.. ... ...... eset eeap 

IIMM DSAO*Crg* 

I-- * 
. .. ... . ..  

L 

Or .7 

... ..r .... ..o ......  
T z I,:~ 

.114 :1.  

'M' onr 

AO f. . T .... ....  

T!I~ .. ..  
.._ _ ... . .. ... !..



POA M80, - Poki- cw. -W PMR S DATA -w 187 Gem .~~f3 
CX*ff*ACTOU, 6 ewlz 

nrfm no.  

-AT -5 -nm -2 - -

$to o oa^8e 1 a a 4 a 0 7 8 0 to To" S iaw.Y 70g 

-, To T.,I S 

-;TOTL 

as no Supw? To P~ 7 

- .mF- ME -4. -U -U -M 2-2-

At ,*4 PQ 

UP~rcsuCY- PZ12& 

3 - --W - -0.g..m - -

k c~ ~ ~ m o s s m~~ 
S .p -OO 

M f 0 
-P 

M r n 

41 .P& 

371 TovAL SAND- - - -- -

Pa $".a ?E



- - --- ort e us wa q ny ster.sty. 7***r *. g 

s ~ rm** ta tt i I 1 00 _90 14 /8 . *k** 

-' AW "'0 
1 &2 -Tow& 

v saw.*.*...~go"Of" .e3 .e7 9f s ede a - .t 
*~A ****W--* Tan 4G 4- 4 I*. " 754m3 

*8 e.4.. 2~.. 8 1 29 Jt TanS "M@f.85 I&.  

** GOAto OPd. &TLar s 1 

S.**. L *** ....... . Z Z. sao. 1* o 
gy 1 MA-t 

14 AM 4PO



T1w MOTOR dATA SFEET NU. 60 
wo* 1014 .o * 

5 S 0 No 

~~~ R -___ _ 

a O oner oFAaTO.  

lvq* S~ a" SUL gA AMP _____ 

"on __Pe L C R1 CnOf AMP _____ _______ 

it r.si. .. Yo.ouf'.L _.  

24 L,4J1ATW"CLAU IFP -FoLLOAD. v 

is 21§ V S IFr-)_ALOAD 

gi*~ P.P.12OL LOAD.% 

- CADIA L A___,_ 

%iensssa's atomernesin P.rs 0oemenso a s a 

so 6'fAmm LAYPasP I2LQD' 

ft Maso, ic i5p L CK t RCTORM 

It SRVIC p Tt RARIN 90 0 4TPL 

so SmU .lAlo. LA 11216LL. L -D e.  
S ~ ~ ~ -i IWSZ -~7~j~j - NOA . I-S EP- ___ 

9 Cti. SOX LATMSTON - ME UWIG'T LOD.  
P 1 COIL COO SYS D 

tr h statrt **t M C t* UOLLLDD5 

P t wot etkAY. OIL PftL AD, L U

SS A P MOCUPLEP F-l.*LK EIT E 
S AI LIK .awa~ STRSSi 

t ILIPLA . a m t S0 TOA AMBIEQT TMP 

U -w l.Petet_ FaT. gn I ToO AT e iO. TOTAL FE* 

38 AW T AMU-ft. SOw. 7u YE JAeG OWL SY* .  

N COWI ffi". tASV~P ocmAlIk Of Ua"L I vs 

__OV__attCND___DEDeLSCS4P GO. OtR TEMP*C. .

a amLm. Iowvauu _____ 

N MDJTACL L PILK

U CORYD DX LOCA11011 2 tn ttut

e WT -MAX r ncTnW ns 

0 WET WON LPTH"T 
41 VUT. Sme ELS tTaflt L Pet - .  

0 (mW MOTOR RLoNwGo) 

-- a-- -- -
a sWrel Tweat Tra nie g as ueco ru 

4) a" R .VESE 0T E At_ 

* DRAIN PLUAM L VIN DE_____O_____ 
d1 A lNTAL EEWSOLE 

doWAT.in~ Won~urNAS 

W ERT. eS 

48 vt -T. MN UPH 

:fl':L POFO*MANCf &)ATA BASED ON NORMAL RATED AtIP t (kIAN J D~ATA BASED ON NORMAL RATED 

di VOLTAGE AND FREQUENCY RLifNry 

& IEMS 14 U APPLy TO VERTICAL MOTORS ONLY I TT MO TOAUA IN ES)IMATID 

asDe b LucAe vtWaTuk t Yaeds* & Acm IsTA SCRtw rn 

P mo - g- ... - " 11-138*~ 

*4 ITMS3 S4 AP Pt Y TETit L TOS IOLYse:r * A l SIA D



t'JU~~~i3CQ 0 Q4~~ >' 

(sOC co' 6P 

Pu~~ ~ ~ r-r~v%"%-c 

11-139'



e___e 
I LLIA~.L!~~T~ 2T 

TKI .; I 4

i ai. .. .... *, 

'It.  

1491 

N@w 1KS1K3 CApAC,~. V E tjTV PI DRIVlctER SfT M.OT 0 ,P SPEED 10s-7 - o DRive I 

*-WOhINGoTON CORPORATION Nv 

-, * 12.. LN-. aL OLJT E i62~ - , 

"Ia orac



7771 

I I 

ta I

V -t' 
3 

* 1**'I, - I Y7 

-CA o-

Now TEL.-.:........-V....R.V..R SPEED 

WORTHIGO OPRTO IWYR a 
1 . .w



Il - --~- .--- ~ -PUM~P T Sr DATA II ~ ,~ G~t HO. IMP FF.  

. . . ... .

1 

i-' 

4.  

CAS'NG CArA 

7 -f 

_ __ ______M 

A T ~ i A L F iN I S ,4 0 O NK . P 

ZIPA~ NOr Q~ NO. D;A 
I e LN *~, :, '-4 s~ z~ , &~ 6 q4 63 . W ~ 

' - .  

~uN 
, ~ . ' vA 9SsTum' 

q ~ IIW 

SISIAI NQ DI V~ft9E5T9



MA(A-raQ 7 putnPS 

i~-"~~~ ~ 2o 0 FT 

R'rip EF 7ckcJcy -7 

* DS. b~i 6OSPwZO 

11-143



// / 
CONTRACTOR e 

TVEST PE3PORMA*4tfCURVE MO. ? 
CUSTOMER C osi,f 'L~rC 

ITEM No. ci o' P2/ 
g.d 

uSAEco 
wonwe - .. /V -44/size 2yp 1'- 7sJCH STAE as:; 

IMpELLER PATTERN FT- / i4p 
DATE 

MAKIMUM DIAMETER PU P wU MSe R ?:z 

RATED DIAMETCR .~SPC 
WlORMAftCE ALSO APPLIES TO uMP 

MINIMUM DIAMETR ue 

to~e 

X-, 

70,, 

40 4-

. -- . ... ...  

- i~ ... ... - _ _ __ 

0d& 

PC~U ~ X HUNTINGTON PARK. CALIFORN,A 1



14,14 

CONTmAY 

CUSTOM" a won P T S gaomAN=W4S4 zag 

"adM "a fg!2e.' -7 
adpe .. 1yVAT7GAd 

'7 .4.4 2 P& mms " :'.4J:: 

T. '77T.

.. .: .... T..  

.. .. .4 ...- .. .. .. ..  

.......... ....  

-. 7 - -



t- 
. 2 ( 2 . *Jt.r. 

.  

V '~::r "' 4 -:4.  

Igor-..~l 
.i4 f 

R LA.  

--
I 

9M P-1 M I *IP I*. R.  

1-14 
* L7 

(~M'Xyy.  

- 4 ,- 44".  

M * M , -~ f. S. 01alI 6 I., - W. aR 

4: 

4.* 
* 49 * 

+-~jW~- -A I-w ~ i - . 9..-9" 

* - - . '. .

r .V C 71 
v~b 

9 *~~~CS 5ZMN'S.-



*UIRZ;T666 PUMMMO G-OhUIONS CONvTRAC 

,9ec I 

BurningsC. Tug dam Bag U.  
--- OW-& -2 - -7 ~ P qwv Po 

Il4so TK. =a& k0 Wav. -me. ~ 

-- - - - - - -

A K. .us Me~ Na T 

* womenir "Na ? 
7 K. W. sWeeT 

* SM.P* ".P. oim. cm N 

10 mICAI -ao mM -A W& 

to cCaia CAL4 bm "a 

17 Na NGN - -IL 

JmC ms.h 

as RI INIIc2 as " Sl--s IMIIIL 
ES~~ 5-. -1 

27 ILBLP.



0 
3 0 .~ 2 -~ 0 3 a 9 - -~ -1 LA ~ cc 
3 
c a 

143 1~ -l ~ ' 

-' r 

*1~ C' 0 

L 
0~ *0 

so 

rr~ 
3) 

H 

Co 

0 

- G'~ 
1W 

-J c-" C-. Z 
fq -j ~1'~ -p - I1*lC-' 

6 1 -l 

Th- C') C, 
N) -~ -p 

-~ 

o 0o -~ 
-. ) C 

~0 
eN - (A 

~- -,) 

~1



M7 44 

t~ft INt 

Ltit. t+? ol 

-7 It. C 

-"-4 

AA~~~ _ - -A-r 
- .  

.........  

rrJ 

Ni _ 

tA- z



-11 4it .  

.1 ~ L j 
Id i Ii H'I 

li fit11i .1Tr M 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ __ _ _ :j W tf'lit~lh i~ 
HOW ~ ~~141 tETD CAAIYV L~T-P RVRSED3~fO ~ DIE~L$c 

________________________________Of~~flNo.IJil-4 ~~~~~~~~~~~. :L~ 1:TI~TNCROAflNN YR (~ 5 L/ q:/2e 3Its [til 1:' 1o 3 
fflT ___l 

~ i DATES TYPE IYLE MtCPITI t M$CMAN U1LN 
Nil9 

A06M



-D 

ITt 

I j 3 
tj,~ 3 1 3j~ .3 II14 

p l ~ ~ ~ ~ .I- 4~'~~',it-.~~-i'--

=7 'I1 4 Ii~~j~ 3j3 3~' I I 

.- 7 

. . . .. .. ...J 
1  7.1i i - - . I 4 4 

7 : 7 1 c. 4 

a I it 

HoTsED AAIT.~~(7
4 ~DRVRSPE 7-7'-DRV.J'

7 --

VJO~~~T~-iNGTON~. TPA1NNW O1 
-(I'' 

Is t;O: 1o. 4;o 

__*- '~ I ~~ .{7i (6~2-( 962 7-/.- /-V~c'2 

8TYL MAC4NE 1PM COM No.CURV No 
W11T7S 

........... PEED.. DR IV E



Engineering Data Sheets 

3 WTS-811 Centrifugal Pumps Fo Safety Injection 

Cooling Systems In Nuclear Reactors 

Customer - Westinghouse Electric Corporaticn 
Atomic Power Division 

Cust. Order 546-AZ-16',460-BN Vorthington Order LOE-721004 

(Orig. P-450415, P-453667) 
For 

Florida Power & Light 

No. of Pumps 4 

Serial No's. 1613237 E-209010 
1613238 E-209011 

Test Curves 1613239 E-209012 
1618286 E-209295 

Spin No's FPL SIAPSI-1 
-2 

-4 

Elevation RI-147796 

Section RW-159221 

Parts List HY-162583 

Motor Data Westinghouse 350 HP 

3-60-4000 V, 3600 RPM 
DWG. 857-C-323 

Conditions of Service 

Capacity, U.S. GPM 300 

Total Head, Feet 2700 

Temperature, OF 50-291 

SP. GR. 1.0-.924 

EFF % 61 
BHP 338-312 

3550 

Avaialble 30 Ft. (Injection Phase) 
250 PSIG. Max. (Recirculation Phase) 

NPSH Required, Feet 13 

11-152 
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Kin* Flow (Recirculation) 50 GPM For Thermal Protection (Max. 5 minutes) 

150 GPM For Continuous Operation 06 
Flow These pumps can deliver a flow of 600 GPM, providing 

the NPSH requirement of 30 feet is met. rr) 

rjterial Of Construction 1 

.rcommended Spares - Refer To Parts List RY-162583 

z::Orances - Refer to Section M -159221 

-ype of Seal - John Crane Mechanical Seal 
Type-1 2 1/2 Bellows Shaft Seal 

DWG. F-SP-13208 - Parts List & Recommended Spares Incl.  

Flow & Temp. Limitations 

Sea.I Leakage per Seal 0-10 cc/hr 

Temp. 285 0 F. Max. Press. 20-250 PSI 

lzzles Suction 4" ASA FLG. 600 LBS.  

Discharge 3" ASA FLO. 1500 LBS.  

Shaft Dia. At Impellers 2.249 DIA.  
PIR. Span 69.22 

Critical Speeds: First 1350 RPM-Second 5100 RPM 

Mazlng Temp. Range 'F Normal Max.  

lasured by surface Pyrometer 120F-140F 160F 
u;pper half of housing.) 

itration Limits Normal Excessive 

1-2 Mils 3 Mils 

-~~~ -------------------

t t*Cry Tests - Performance At 3575 RPM - Witnessed 

Hydrostatic To 2625 PSIG - Witnessed 

11-153 
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Engineering Data Sheets 

3 WTS-811 Centrifugal Pumps For Safety Injection 

YO 
Cooling Systems In Nuclear Reactors 

Customer - Westinghouse Electric Corporation 
Atomic Power Division K 

cust. Order 546-AZ-169460-E1N Worthington Order LOE-72100.  
(Orig. P-4504l7) 

For 

Carolina Power & Light 

.o. of Pumps 3 

.Cerial No's 1613243 E-207379 
1613244 E-207401 

rest Curves 1613245 E-207390 

-;in No's CPL SIkS1-1 
-2 
-3 

a--ion Ry147780 

-ection . RW-159221 

arts List RY-162583 

..r Data Westinghouse 350 HP 
3-60-460 V, 3600 RPM 

DWG. 208-0-552 

Conditions of Service 

.'.iy, U.S. GPM 300 
.hal Head, Feed 2700 

*rgerature, OF 50-291 
*.o-.924 

61 

338-312 
3550 

Available 30 Ft. (Injection Phase) 

250 PSIb. Max. (Recirculation Phase) 

P'equired, Foot 33 

11-154



Min. Flow (Recirculation) 50 GPM For Thermal Protection (Max. 5 minutes) 

150 GPM For Continuous Operation .  

.Flow These pumps can deliver a flow of 600 GPM, providing 
the NPSH requirement of 30 feet is met.  

Material Of Construction 

And Recomended Spares - Refer To Parts List RY-162583 

Clearances - Refer to Section Di-159221 

Type Of Seal - John Crane Mechanical Seal 
Type-1 2 1/2 Bellows Shaft Seal 

DWG. F-SP-1,3208 - Parts List & Recomended Spares Incl.  

Flow & Temp. Limitations 

Seal Leakage per Seal 0-10-cc/hr 

Temp. 285 0 F. Max. Press. 20-250 PSI 

Nozzles Suction 4" ASA FIQ. 600 LBS.  

Discharge 3" ASA FIG. 1500 LBS.  

Shaft Dia. At Impellers 2.249 DIA.  

BRG. Span 69.22 
Critical Speeds: First 1350 RPM-Second 5100 RPM 

Bearing Temp. Range OF Normal Max.  

(Measured by surface Pyrometer 120F-14OF 160F 

on upper half of housing.) 

Vibration Limits Normal Excessive 
1-2 Mils 3 Mils 

Factor Tests -. Performance At 3575 RPM - Witnessed 

Hydrostatic To 2625 PSIG- Witnessed 

11-155



t!k 
, 7 4 jj 

77;* 

Hj j; I 

1 ttt 111.1 

v;! tK -;!,I. 111 II I~'I' tp K 

HOW TESTED: CAPACI TY. VO p -TU .I7... ... DRIVER 0' -'7;)h ................... SPEED 3-T.. ......... _ .  

WORTHINGTON CORPORATION N~EW YORK (-o'/ 
"12 9P yeE er C JV-ORD~ER No. TE8T Ao.  

DATE TYPE J TYLE MCNEB'.CUPtI No. O~V C 

DATE6vE SIZE __________ 
W1119 0 O067M4



: : : . .  

zrr 

.. .. ..- ... ...  

\j C 

----- ---

I 

CAA 

-rr4-i

(5t zt:

_ _cr-I



.: .. WORTHtGTOM .O.Ato 

i t PUMP TTAk 

RPM GPM HD. BHP EFF.  

s *ea, fos.4 8a? TI, 

-L~ I.4 -o .1 Y-I 0 ~ /2'.3~ 

- t90. Ie, 
r u4.  H al % 3 577 4'0 .4 2,97/, 33.'5 

Fo .- oa , sosoa 

T8 / 934 3 2it.4 320 7 5 1 
11 ~ :;..........A . &/ /0. 4 yagg ? 9.3 3g2 

,J 4~ SCASING DATA 

.. I I ~ ~MATERIAL 1FINISH TONGUE 

...TIMPELLERDATA 

n4, Cv IMATERIAL FINISH DISC. TIPS 

/ -k70 PT.N.COMB.NO. DIA.  

FdI$-8/ ,50 ;_5 2239_/-/-6 ^1L.I oo,,P 744N8/ 35 Lg- pp .2 
PUM smm ORDER NO. SERIIAL NO. r EST APPROVED TEST DRIVER VENTURI PLOTTED RPM CURVE NO.  

W1215Rn At7



I t 4 , 

H. i' I1. Kr 

~~lt 4. 1-,~L 

tjjj j ilL 

ho1 T sTED .7-C rY VLrr? I'/ , 

tOTIGO;o~RTOa 
E OI ____ 

~" ~ ur~v SPED ' ~ DRIV _______144 

t_ df___T 
§3-6<~~~~~~~~ 3 f~- 6 ', iDRN ETN 

ITY EMtlff1P. 
CMI o UV O 

W1119 
All2 

MA 1 1,it t-9/!VE.,' 14 -i 11IZEJA .HR



.PUMP SERiJtce VIA'Tvz purvx 

Jo ,isO 0' P C', 

-TOTA- DNwAmtc l~n 

'i -1P SPE 

Fur~p FlCkJccy C~5 7b 

11-16 0



C *D BY.: 
.CuSO 

~~~1T .L2J PLIMlP SERIAL NUMBER 27~.  AL4.  

w 

u1 
t -.L 

-' 4 44

w L 1t4. 4 41VAI±.V 
i4 ~ 

-4 
r&, t~ I..~ t4--4 tL t 

44 

F-4
011C'7'.K.  

z A.4 I 4
L~ . +I,' ~ ? ~ *- ' 1'J 

(::l 1 1L 4.'L -

- 1L I'!: 

r~~ 
I _ _ _ _3 4 JOHI4S3r 

4 ~ 

1-'E CAPACITY. HEAD ANDC E4'FICIENCYJ0H14ST0NpuP c0 

rOlAPANTEF IS FOR THE DESIGNATED PER FORMA NC r 
PC;%'T ONL': IT 1S E!AED ON SHO4P V.4'VO A F l PA-- 7-D TE5TS. W HEN HANDLING CLEAR . FRESH V T /_ __V U C L '1 5*WATUP AT A TEMPERATURE OF NOT 4 __ 
OV3r F A ! 4 F AND PUNDER SUlCTION +1 00 ____- 

(:.'D 4 CI~ IOCN-4S AS SPECIFIED IN THE 
[_ N R A CT. 1 4 . 3 ? C ~ / LEN DI)CA CA.LIFO PNIA U. S. A. curw N077Cn - /I -~ 

I.- 137 __________________________



JOHNSTON MIXED FLOW PUMP 

4- 8 'DIA. HOLES 

DISCH 
.27" 

Ft ANC~e /WAT-CHES /,&" 
/SO DRZ/LL/N (FMAT [A) 

Z7 Two / "CP1 --OR IArR. CoA/-v1C rIoA0 

A*---- 7,e 0 r .  3M"O4TOR To OE .tPLS 
COA r 60X LOC /, DY O THES /t/.5T CONFORM (O// MioO.OR)9/4' i' .30* 

/ . To THE FOLLOWIN6 To 

MA TCH J. P, CO, CONi7/?LI CT/ ON 

2 3 X'/"CO//pL /NC BOR1E 

4-'5AHOE1S/N Ch'-/?/z"/kJ 

FABRICATED DISCHAPZ1EC 

__T_ _ _ _ 

WA4 TE R LUBRICATED COLUMN 
ZZb.OF 

/6---8*- ASSEMBLY 

ONE 5TAE 5HOWAN 

3- STAGE /bFP. BOWL ASSEMBLY 

PUMPING CONDITIONS 8000 GPM 

/N.LO TER LEVZL. 120 FT. TDH 

of 

DERLER- CflROL/N/? POidER'L/6HT C 

FOR-HS, ?S/NJONA' STEAM NOT USE FOR CONSTRUCTION 

UNLESS CERTIFIED ABOVE 

WSTN ERPNO32 /70&II. I.9M ~ WE/6H7 - = PPlroX. g 

SW.TN SERIAL NO 6,C 2706s.j 

WOD. 6-Z-70 T'fK"S', DRWG. DP-J- A



pmp~L ~2L "P~t'M Ccr'-xO\AL

MON3f-crtoJ v:QW Q, - At J 

-TO-r-IL DYfliAMIL HEA~D. 24 

PUrp Ef CkfJCy 

M~yf-u li AYC % P5CR VZ 0L1 4 

M1OTOR A~i AL 0 1 LC~ 

11-163



a tzze 4%DATE ./ 

PIVES ARE AP ROXIMAtE. .PUyP GUARANTEED.  
R ONt SET Or CONDTIONS CAPACITY, HEAD AND ..  

ARE AP ROICIMA1IE rw4 UFrNEDI 
trFREcouSAHeknsscow TrA IMP L. t ATT. No. *A 

I AND WHEN HAtoLING cA. coLq RESH CATA I 
;A TE.AT- oA NOT A 

oVER 1s FOOT SUCTIoN LIFT. DIFPUSdR OATIN 

L 

Trits_ I e i E h E c iI T Y PE_ \ P U P 

9 I NA 

onuos oc nutECAMERON PUMP DIVIS!ON



0-1225 ~U A-l CURVE NV4J.  

DATEele7 

E~t E SE OF ON~t) SK CAPAt STY. HE4jO AND 

-4 
.  

AND VIHN I4ANqLINI CL AR. COL F RESH- WAT*P p IM' LRPATnT d 4e 0 
AT A TE14PERATURE-OP NOT-OVER, 54 ,P-AJDNTt ! { iJ .-- N. j'. Q I' 1

tFF S6R NA I-l 

OVER IFOOT S JCTIONL OFT -DFI w 

1 a I 
_ 

-w I 

L -I t 

1-ia 

-- 7K7-7A -7-,77--J. -

-- I - LL 1p___ i l- ___ ___I 

Ul' 4- __ __ -7-I.  
__ 

.____ I-t--- 

-
I 

LL ~ aeA 
___I___ __ 

7 --- t-

m m 

</ 7 

7I 7 7E7Il~r a~E1 NO -

'I q q 

OrJ /cf~9L I~ESOLRAO CMPN 19 

w ai eAL ON PE U ECAclN P P DVSO 

.~L~nlzzilL I ___. 1 DAE~ "'-i-~'j__ ~J ~-.---q



PROJECT 0. . NO. A 
FURNISHLD (1Y________ DAE ___BY ____ 

f:U-RN.IS- - OA 

MARK OR ITEM NO. ----

PURCHASER'S REQUIREMENTS - . DATA FURNiSHFD bY SELLER 

's-R __________________OP__ 

Tnduction. FRAMENO. A1 -//0 

N. _IS tHOREPOWER 3__ 
MOUNTING _ _ -. :, ~ . CL i. SERVICE FACTOR /,/f 

ELEC. CHARACTERISTICS 460 V. 3 P 60 CY FULL LOAD RPM /277 

SYNCH. SPEED, RPM FULL LOAD AMP _ _ _ 

HORSEPOWER . jLOCKED. ROTOR AMP 

SCRVICE FACTOR 1.15 STARn.No TORoue, a F.L. /0o 

ENCLOSURE Open Driroof :L I PULL-OUT TORQULE,% F.L. (40 

INSULATION CLASS B . EFF.-FULL LOAD, % _ _ 

INSULATION TREATMENT Powerhous2 EFF.-3/4 LOAD, G _ / 

AMDIENT T'P-C 40 EFF.- 1/2 LOAD,% 9.)._ 
STATOR TEMP RISE Q __ P.F.-FULL LOAD, _(_._ 

EARING TYPE P.F.-3/4 LOAD,% __ _ _ 

BEARING TEMP RELAY P.F.*1/2 _LOAD, % .  

BEARING THERMOCOUPLE P.F.-LOCKED ROTOR 

HALF COUPL. OR SHEAVE MTD. BY SPACEHThS., TOTAL WA7TS 

ROIA~O I RADIAL EsEARING -T YE /t 
wK 2 OF DRIVEN EQUIP. ITHRUST BEARINS-TYPE _ _ __ __ __ 

BRKWY. TOkQ. DRVN. EQUIP. BEARING SERVICE-HR. 1 1/00 

OVERSIZE COND. BOX NORMALBRG.OPER.TEM?-C 6OCtY(A/ 

COND. BOX LOCATION. INETWEIGHT-L.  

SPACE HEATERS, VOLTAGE, PHASE OIL COOL. SYS. PECD 

SPLIT END BELLS PG. OIL PRESS. RAN, 

TERMINAL LUGS, TYPE BRG. OIL REQ'D EA. 5R. GPM 

-STATORHIGH TEMP DEVICE NAME PLATE CODE LET7ER 

0 4I mF RAI S . PFMISSIFJ F STARTS PFP HR: 

MOTOR AT AMCIENT TEMP a 
MOES 

PR ELV. FT. Less than 330 .MOTOR AT RATED OTAL TEMP 

SHAFT (HOLLOW, SOLID) TYPE SEALED INSUL. SYS.  

COUPLING (SELF-RELEASE) DESCRIPTION OF INSIL. 5YS.  

SOLIDR NONREVERSING 

__ADJUSTABLE, FLEXIBLE________ 

VERT. MAX DDWNTHRU'ZT . .- {____ ___ __ __ 

VERT. &',AX UPTHRUST___________ ____ 

i VERT. BN UPTHRUSTEARI 
VERT. MIN~ DOWNTHRLIST I_________________________ 

(WITH MOTOR RU.NNING)I_____________ _________ 

SIDE THRUSTSERVICE__ _ R. _'//_-

[MAXO RBVERSE SPEED 

D CAL PLUG AND VENT 

BARR INTAKE SCREENSOLPRESAN P * 

RG REMARKS: A_.

ALL PIRFCRANCE DATA BASED O. NORMAL RATED ALPERFORMANC :),%IA ASMD ON NTARTMAL RATEDDTOTATE 

OLIDAE AND FREQUENCY - A FR -- U -.

ITM3. APLY TO VERTICAL MGTOkS ONLY IN: I D S cwMAV 

VERTV. MA UP THRUST,.?.~f: 

11-166



SLIP . ..  

*SLIP RPM EFF P.F, (HP)OUT (T)OuT MUL 

100.00 0.0 0.0 28.8 0.0 105 f;65.42b 

95.00 90. 3.2 29.0 18.39 1073.3? /.)41' 

90.00 180. 6.4 29.4 37.3, 10 . 9 .  

85.00 270. 9.7 29.7 56.9 i106. I 1,. 2 

80.00 360. 13.1 30.1 76.87 1121.' 12,4. 4 

75.00 450. 16.6 30.4 97.29 3. 1 

10.00 540. 20.1 30.8 118.5' 1152.04 17 c 

65.00 630. 23.7 31.3 140.53 1171.50 1771.753 

60.00 720. 27.5 31.9 163-75 1194.4. 175 

55.00 810. 31.3 32.5 188.42 1221.6c 17 32.97 

50.00 900. 35.3 33.3 214.91 1254.CC 71i0.o79 

45.00 990. 39 33.5 236.47 1254.4S 1-,9 Z 3' 

40.00 1080. 43.4 34.7 268.31 !304.7I 1.14 

35.00. 1170. 48.0 36.2 304.44 i366.54 1o3/.%' 

30.00 1260. 52.9 38.2 346.33 1443.e c-03.  

25.00 1350. 58.2 40.8 396.17 1541.20 L50.  

020.00 1440. 64.0 44,4 457.06 1666.94 li5.743 

8 15.00 1530. 70.4 49.8 535.02 L831.50 142 1 

0. 0Lb2 -40-Uce. . 1- P.B ' : 4P.* 130 1. 420 

9.50 1629. 78.5 59.7 641.37 2067.77 I2e'2.724 
9.00 1638. 79.2 60.4 648.49 2079.2 69. 9 

8.50 1647* 80.1 62.1 659.06 2101.5 1 1- 011 

8.00 1656. 63.8 668.2& Z119.39 1210.0V2 

7.50 1665. 82.0 65.6 675.70 2131.:i4 1176.0'16 

7.00 1674. 83.0 67.5, 680.77 2135-76 L13i.486 

6.50 1683. 63.9 69.4 682.60 2130.66 1096.91 

6.00 1692. 84.9 71.4 630,97 2113.6P 1051.02, 

5.50 1701. 85.9. 73.6 675.62 2085 1Ci. 3B 

5.00 17LO. 86.9 75.9 666.90 C, 67 

4 . 017 19 o..3 

1 

4.50 1-1.87.9 78.1 650.43 197h18..1 

4.00 1728. 6&.9 60.5 627.06 19 0 5 .7c) f2 5 

3.50 1737. 90.0 82.8 593.95 1795.t,2 7.u.0 

3.00 1746. 91.0 85.0 549.49 1b52.6" cC 395 

2.50 1755. 91.9 87.0 492.12 1'.72.o 57c-215 

2.00 1764.  
1.50 1773. 93.6 90.1 336.11 1001.52 :532 .  

1.00 1782. 94.1 69.6 237.77 7 GO 

0.50 1791. 93.0 81.5 123.0 1 361.65 1.42 

11-167 

13.130.176. 7 11 1.4 1 2.. --



oc 
l> ** 04 

-n 

coo 
o00o 

0 901 

r -r O 

CD 

31 c 

07 
ul 

K)' 
C 

I-' 
C CoJA -]- 

3



7. Brief Resume of Key Persons, Specialists, and Individual Consultants Anticipated for this Project 

a. Name & Title: a. Name & Title: 

b. Project Assignment: b. Project Assignment: 

c. Name of Firm with which associated: c. Name of Firm with which associated: 

d. Years experience: With This Firm With Other Firms d. Years experience: With This Firm -- With Other Firms 

e. Education: Degree(s) / Year/ Specialization e. Education: Degree(s) / Years / Specialization 

f. Active Registration: Year First Registered/Discipline f. Active Registration: Year First Registered/Discipline 

g. Other Experience and Qualifications relevant to the g. Other Experience and Qualifications relevant to the 

proposed project: proposed project: 

0i



Westinghouse 

OCTOBER 1969 

TECHNICAL MANUAL 

REACTOR CONTAINMENT 
FAN COOLER 

PREPARED FOR 

H.B. ROBINSON 
STEAM ELECTRIC PLANT 
UNIT NO. 2 
CAROLINA POWER AND LIGHT COMPANY 
HARTSVILLE, SOUTH CAROLINA 

WESTINGHOUSE ELECTRIC CORPORATION 

NUCLEAR ENERGY SYSTEMS 
P.O. BOX 355 PITTSBURGH, PENNSYLVANIA 15230 

11-170



FOREWORD 

This Technical Manual is provided to familiarize personnel 

with the installation, operation, and maintenance aspects 

of the Reactor Containment Fan Cooler which is an Engineered 

Safeguard System.  

This Manual is up to date as of October 1969. If amendments 

are made, pertinent sections will be forwarded.  

This Technical Manual contains proprietary information of the 

Westinghouse Electric Corporation (Nuclear Energy Systems 

Division). Its contents may not be disclosed or used for 

other than the expressed purpose for which it was provided, 

without the prior written consent of Westinghouse (NES 

Division).  

It is anticipated that skilled tradesmen familiar with the 

types of equipment used will be installing, operating, and 

maintaining the equipment. These instructions are not 

intended to give every detail. If questions arise whicii ar weUu 

covered in these instructions, it is anticipated that 

Westinghouse NES will be contacted for clarification. At 

that time, additional details will be made available where 

required.  
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SECTION 1 - INTRODUCTION 

1.1 General Description 

The Reactor Containment Fan Cooler (RCFC) units 
are designed to 

remove heat from the.containment building during 
both normal operation 

and in the event of a loss of coolant accident. 
The RCFC unit is 

an engineered safeguard system.  

During normal operation aii from the containment atmosphere enters 

the unit through a roughing filter. The air is then drawn through 

the cooling coils and discharged by the fan into 
the ventilation 

duct work.  

During accident mode operation, air enters the unit through 
a 

butterfly valve. From this point the air flows through the cooling 

coils and is discharged by the fan into the ventilation duct work.  

Space is provided up stream of the butterfly 
valve for the possible 

future addition of carbon filters, HEPA filters, 
and moisture 

separators.  

The cooling coils remove heat from the air with the fan 
providing 

%Lfe L.u4.Ju u a> , , . ,cs14,f r 1 iionolied by the 

service water system. Drain troughs and piping are provided to 

remove condensate from the cooling coils and the heat exchanger 

attached to the fan motor.  

There'are a total of four units operating in parallel. During 

normal operation a maximum of three units are 
required to remove 

the design heat load. For post accident operation a minimum of 

two units must function to satisfy safeguards 
requirements. Since 

the units are engineered safeguards they are located outside of 

the missile shield.  

Each RCFC unit is composed of the following subassemblies: 

1. Fan Assembly 
2. Motor Assembly 
3. Cooling Coil Assembly 
4. Transition Module 
5. Roughing Filter Module 
6. Carbon Filter Module 

7.* HEPA Filter Module 

1.2 General Data 

The RCFC design characteristics are listed in Table 
1-1.  
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TABLE 1-1 SUMMARY OF GENERAL DATA 

Fan Assembly 

Number of fans 4 
Fan type Centrifugal 
Bearing monitors Vibration and thermocouples 

Fan housing drain type 1.5 I.P.S.  

Normal Mode Accident Mode 
Operation Operation 

Speed (rpm) 720 720 

Capacity (cfm) 85,000 65,000 

Static pressure (in. wg) 6 20.3 

Containment atmosphere pressure (psig) 42 

Containment atmosphere temperature (oF) 120 263 

Containment atmosphere density (lb/ft 3) 0.0685 0.1617 

Brake horsepower at specified condi
tions 117 244 

Max. fan brake horsepower 117 264 

JO Motor Assembly 

Number 4 

Type 460V, 3 phase, 60 CY single 
speed 

Bearing monitors Vibration 

Winding monitors None 

Service factor 1.15 

Heat Exchanger cooling media Service water 

Number of Heat Exchanger relief ports 2 

Relief port diameter (inches) 3 
Max. relief port pressure dif

ferential (in.of w.g.) 30 

Relief port opening pressure 
(in. of w.g.) 5 

Relief port flow coefficient 
(C @ 600 open) 360 

Normal' Accident 

Speed (rpm) 720 720 

Horsepower 350 350 
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TABLE 1-1 (cont.) 

Motor Assembly (cont.) Normal Accident 

Containment atmosphere temperature (OF) 120 263 

Containment atmosphere pressure (psig) 0 42 

Containment atmosphere density (lb/ft
3) 0.0685 0.1617 

Cooling water flow (gpm) 50 50 

Cooling water inlet temperature (OF) 95 95 

Maximum allowable cooling water 

pressure loss (psi) max. 2.0 .2.0 

Cooling Coil Assembly 

Number 4 
Type Plate finned 

Tube material Copper 

Fin material Copper 

Fins per inch 8.5 

Tube thickness (in.) 0.049 

Fin thickness (in.) 0.008 

Tube nominal OD (in.) 5/8 

Tube length (in.) 108 

) Vertical drain pan spacing (ft.) 3 

,Pan drain diameter (in.) 
Assembly drain diameter (in.) 6 

Drain type (sch.) 10 

Assembly frame material Galvanized steel 

Drain pan material Stainless steel 

Accident transient differential 

pressure loading on coil face (psi) 0.05 

Total fin area per assembly (f.t
2) 21,481 

Total tube inside area per 
assembly (ft2 ) 1221 

Normal Accident 

Operation Operation 

Heat removal (Btu/hr) 1.75x(10)6  40x(l0 )6 

Steam-air flow (cfm) 85,000 65,000 

Steam-air inlet temperature (oF) 120 261 

Steam-air outlet temperature (OF) 99 261.7 

Total pressure (psig) 30 42 

Coil-design air density (lb/ft 3)3  0.0685 0.0685 

Coil design steam density (lb/ft 0 0.093 

Condensate rate (gpm) 0 100< 

Static pressure drop (in. wg) 0.5 1.6 
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TABLE 1-1 (Cont.) 

Normal Accident 

Cooling Coil Assembly (cont.) Operation Operation 

Cooling water flow (gpm) 800 800 

Cooling water inlet temperature (oF) 95 95 

Cooling water outlet temperature (OF) 99 201.6 

Water pressure drop (psi) max. 5 5 

Coil tube side fouling factor 0.001 0.001 

Roughing Filter Assembly 

Total flow through filter assembly 
(cfm) 85,000 

Normal operating maximum static 
pressure drop across filter 
assembly (in. wg) 0.3 

Design air density (lb/ft .075 
Sealing material Silicone rubber 

Media material Fiberglass 
Frame material Stainless steel 

Frame surface coating None 

Design maximum differential 
pressure (psi) 0.5 

Roughing Filter Module Relief Door 

Port area (ft 2 2 8 

Maximum door area density (lb/ft 6 

Maximum door swing radius (ft) 2.0 
Minimum pressure across door 

required to begin door opening 
(psi) 0.5 

o.075 
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1.3 Description 

1.3.1 Fan Assembly 

The RCFC Fan is a Westinghouse Sturtevant designation 8566-C, 

airfoil bladed, single width, single inlet, centrifugal fan, 

arrangement 8, Class 900 RPM, clockwise rotation, up-discharge 

type. The fan assembly consists of vibration isolators, a 

steel sub-base, the centrifugal fan, a Thomas coupling and 

coupling guard, orifice plate, a Vibraswitch, and a thermocouple 
in each bearing. The motor and motor heat exchanger are mounted 

on the fan sub-base but are covered under a separate heading 

herein.  

The fan housing is welded steel and is split for wheel removal.  

An access door and'a plugged (removable) drain connection is 

provided in the fan housing. The fan wheel is welded steel and 

the fan has a fabricated steel hub. The fan bearings are Link 

Belt Roller bearings greased with a special lubricant to assure 

proper operation and protection during a possible post accident 

condition. The fan has a hot rolled steel shaft with key. The 

flexible coupling is provided with a guard. Special paint is 

used to coat the exposed steel, the paint being Carbo-Zinc 11 

primer and Phenoline 305 finish. For additional information 

see W Sturtevant Drawing Number 5296D73, Sub 3, in the Appendix.  

1.3.2 Motor Assembly 

The Reactor Containment Fan Cooler Motor Assembly must function 

satisfactorily during both normal and post-accident operation.  

.A. Motor 

The motors are NEMA Totally Enclosed, Pipe-Ventilated motors 

per MGl-1.26F, with integral air-to-water heat exchangers.  

The motor heat exchanger is designed to use the same cooling 

water source as the ventilation unit cooling coils. The motor 

heat exchanger cooling water requirements are 50 gpm per unit 

maximum.  

The motors are designed so that the motor and heat exchanger 

housings together serve as an enclosure which isolates the 

major functional elements of the motor from the containment 

environment. The objective is to exclude the environment which 

would exist in the containment building under post-accident 

conditions and thus maintain an environment within the motor 

which is comparable to the normal operating environment for which 

there is a large background of motor performance experience.  
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The vital functional elements of the motor are designed specifically 

for additional assurance of reliable post-accident 
performance.  

Special features are incorporated in the 
motor bearing system to 

assure that proper lubrication and freedom from containments, 

such as moisture and caustics, are achieved. The motor insulation 

is form wound Thermalastic Epoxy Insulation, which is a sealed, 

vacuum-pressure impregnated system having superior moisture 

resistance 

For additional information see the W pamphlet I.L. 3100-24, and 

Westinghouse Buffalo Drawing Number 2748D26, Sub 2, in the Appendix.  

B. Motor Heat Exchanger 

The motor heat exchanger assembly consists of three (3) 
main com

ponents: the cooling coil, the duct work, and the relief valves.  

The heat exchanger is an air-to-water, finned unit. Cooling 

water is circulated in the tubes and the air is. forced over the 

fins and outer surface of the tubes to transfer heat from the 

air to the water. The motor heat exchanger cooling coil has 

high temperature alloy brazed joints 
and is designed to maintain 

heat exchanger is designed to have sufficient capacity 
to absorb 

all motor assembly heat losses and external effects under 
all 

operating conditions, while limiting the maximum 
thermal environ

ment consistent with the motor design.  

The motor heat exchanger cooling coil consists of the following: 

1) 5/8" OD copper tubes with 0.049" wall thickness.  

2) Plate copper fins, 0.008" thick, 8-1/2 fins per inch of 

coil length.  

3) 90-10 cupro-nickel headers with 0.25" dia. couplings plugged 

with a 0.25" square head bronze pipe soldered plug for vent 

and drain connections.  

4) Header nozzles are 90-10 cupro-nickel 1.5 inch, 
schedule 

40 pipe, prepared for socket welding in the 
field.  

The air duct assembly is specially painted sheet metal 
formed and 

shaped to direct air from the motor through the heat exchanger 

and back into the motor brackets. A fitting is provided in the 

end panel of the assembly to drain any condensate present in 

the heat exchanger assembly. The portion of the air duct assembly 
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5ELECTION AND APPLICATION DATA 

inertia capability of the motor to start a fan and accelerate CORRECTION OF FAN PERFORMANCE 
it, varies as the square of the fan-motor speed ratio. This FOR OTHER THAN 
is advantageous for the motor since a relatively low motor STANDARD AIR CONDITIONS 
inertia capability is required due to the effect of the square 
of t motor speed ratio. However, a fan directly con- Air volumes to be handled by the fan must be calculated 
nec motor does not have this speed difference and 

the.ica oradvate nof he div e d iofis n eisand. to satisfy the application. A fan operating on a given sys
etem at a given speed is a constant volume machine. The 

The driving motor, must, of necessity, be larger than that density of air entering the fan (affected by temperature 
indicated in the performance tables and must be reviewed and/or altitude) can vary, but the air volume delivered 
with the motor supplier. will remain unchanged. The system resistance, the fan 

Whenever inlet vanes or outlet dampers are used, the pressure capability and brake horsepower will vary directly 
starting load and motor heating are reduced, if such de- with the air density.  
vices are kept closed until after the fan has accelerated to 
operatingculated in the usual manner using standard air density 

and the fan pressure requirements are determined ,for 
FAN LAWS "standard" conditions. This is sometimes known as the 

".cold" pressure. Select the fan from the catalog in the 
Two basic fan laws relate performance variables for any normal manner using the "cold" pressure, noting the fan 
fan of a given design (such as the Silentvane Series 8000). RPM and BHP. As previously indicated by fan law #2, the 
An understanding of these relationships is necessary to design air volume and selected fan speed will remain un
select fans when they are handling air or gas which is dif
ferent than standard or when fan performance adjustments with the air density. (The System resistance will also vary 
must be made on existing systems. Both of these laws with the air density, which is the reason the volume flow 
apply to a given unchanged duct system. remains unchanged).  

Fan Law #1 The design of many systems involve the calculation and 

SPEED VARIABLE - CONSTANT AIR DENSITY specification of air quantities by weight as in product dry

A. Volume (cfm) . . .Varies directly as the ratio of the ingnortcomustionere a an an be lced thoi 
speeds. standard air density entering the fan inlet. The system 

CFM, = CFM, x RPMresistance ("cold" fan static pressure) must be deter
RPM, mined using this air volume. The fan selection is now 

B. Pressure (sp or tp) ... Varies directly as the made from the catalog, using the calculated air volume 

square of the speed ratio. and the "cold" static pressure. Fan brake horsepower 
(RPM,2

2  corrections are made for air density variations as indi
PressureR= Pressure, x above.  

C. Brake Horsepower . . . Varies directly as the cube For ease in calculations, the table below contains air den
(RPM 2 -Pe ity rnflnc fnr tp~mA.nr;;tirP. from -20.to 900F and baro

BHP,=metric 
pressures from 29.92 to 13.75" HG.  

RPM,)SAMPLE CORRECTrION 

Fan Law #2 A size 8060, SWSI fan must deliver 37,280 CFM at 11/2 

AIR DENSITY VARIABLE - CONSTANT SPEED ltfches static pressure. The fan must perform at an alti

A. Volume (cfm) - Remains unchanged tude of 4000 feet with air entering the fan inlet at 300F.  

B. Pressure (sp or tp) . . . Varies directly as the 1. Obtain density correction factor from table below.  
ratio of the air densities. For 300F air at an altitude of 4000 feet the factor is 

Air Density2,.64 
Pressure, = Pressure, x Air Density, .64 

Presue2  Pessre xAir Density, 2. Correct static pressure for new conditions.  

C. Brake horsepower . . .Varies directly as the ratio 11/2 - 0.604 = 2 " "cold" static pressure.  
of the air densities.  

ofr theairdesites 3. Use specified air volume and corrected static pressure 

BHP, = BHP, x i eniy to obtain fan speed and brake horsepower require
Air Density, ments from fan tables.  

Air Density Ratios at Various Altitudes and Air Temperatures 

AIR ALTITUDE IN FEET ABOVE SEA LEVEL 

TEM- 0 1000 2000 3000 1 4000 1 5000 1 6000 1 7000 1 8000 1 9000 10000 15000 20000 

PERA
TLJRE BAROMETRIC PRESSURE IN INCHES OF MERCURY 

F 29.92 28.86 27.82 26.81 125.84 24.89 123.98 23.09 22.22 21.38 20.58 16.88 13.75 

-200 1.204 1.16 1.12 1.08 1.04 1.00 .965 .930 1.895 .860 .828 .67 .554 

0. 1.152 1.10 . 1.07 1.03 .995 .958 .923 .888 .856 .822 .792 .650 .530 

700 1.000 .964 .930 .896 .864 .832 .801 .772 .743 .714 .688 .564 .460 

1000 .946 .912 .880 .848 .818 .787 .758 .730 .703 .676 .651 .534 .435 

1500 .869 .838 .808 .770 .751 .723 *.696- .671 .646 .620 .5 98 .490 .400 

2000 .803 .774 .747 .720 .694 .668 .643 .620 .596 .573 .552 45 .369 

2500 .747 .720 .694 .669 .645 .622 .598 .576 .555 .533 .514 .421 .344 

3000 .697 .672 .648 .624 .604 .580 .558 .538 .518 .498 .:480 .393 .321 

.3500 .654 .631 .608 .586 .565 .544 .524 .505 .486 .467 .450 .369 .301.  

4000 .616 .594 .573 .552 .532 .513 .493 .476 .458 .440 .424 .347 .283 

450 .582 '.561 .542 .522 .503 .484 .466 .449 .433 .416 .401 .328 .268 

.552 .532 .513 .495 .477 .459 .442 .426 .410 .394 .380 .311 .254 

.525 .506 .488 .470 .454 .437 .421 .405 .390 .375 .361 .296 .242 

.500 .482 .465 .448 .432 .416 .400 .386 .372 .352 .344 .282 .230 

650* .477 .460 .444 .427. .412 .397 .382 .368 .354 .341 .328 .269 .219 

7000 .457 .441 .425 .410 .395 .380 .366 .353 .340 .326 .315 .258 .210 

800* .421 .406 .392 .377 .364 .30f3-.2 33 .31 . 238 .9 

9000.39 .37 .363 -. 350 1.337 . 35-.322 - 301 .290 .27 .28 2 .180 
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