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VirciNiA ELEcTrRIC AND POWER COMPANY
RicEMOND, VIRGINIA 23261

March 31, 1982

R.H. LEASBURG

VicE PRESIDENT
NUCLEAR OPERATIONS

Mr. Harold R. Denton, Director Serial No. 175

Office of Nuclear Reactor Regulation PSE&C/brc/BSD/KSB
Attn: Mr. Steven A. Varga, Chief
Operating Reactors Branch No. 1 Docket Nos. 50-280
Division of Licensing 50-281
U. S. Nuclear Requlatory Commission ‘ License Nos. DPR-32
Washington, D. C. 20555 DPR-37
Gentlemen:

GENERAL DESIGN CRITERIA 17 ANALYSIS
SURRY UNIT NOS. 1 AND 2

In accordance with our letter of December 31, 1981, Serial No. 2332, we
are transmitting to you the final results of our GDC-17 analysis. The scope
of our analysis is based on all the guidelines and requirements set forth in
the NRC's letters of August 8, 1979, entitled "Adequacy of Station Electrical
Distribution System Voltages,"™ and June 25, 1980, which included a "Request
for Additional Information Regarding the Adequacy of Station Electric
Distribution System Voltages”.

Our analysis has been conducted assuming that certain operating
restrictions will be followed and modifications will be installed. The
results of the analysis meet the GDC-17 criteria. The required restrictions
and modifications are summarized below.

The operating restrictions include:

(1) The existing load shed, which is initiated when both units load to
the Reserve Station Service transformers (RSSTs), will be normally
enabled when 1) one unit is on line and the other unit is in startup,
2) both units are on line, and 3) both units are in start up.

(2) A program will be established to ensure station operation is
consistent with the assumptions made in the GDC~17 analysis. The
program will specify the appropriate corrective actions to be taken
if transmission system voltage goes outside the range of 505 KV to
535 Kkv.
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(3)

(4)

(5)

The disconnects on both sides of the 34.5 KV bus tie breaker will be
normally open.

Until the RSST 4 KV cable modification is complete, the station will,
whenever practical, limit loads during unit start up and following
unit trips. When practical, those loads, which would be tripped by
the load shed, will not run during start up and will be tripped in an
orderly manner when a unit has tripped.

When one of the 34.5 KV low side breakers on the 230/36.5 KV
transformer is closed, the disconnects on the other 34.5 breaker
shall be opened.

The modifications include:

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

Rerate all motor operated valves (MOVs) to assure starting at
predicted voltages. Motors on certain MOVs may have to be replaced.
(The full scope for MOV rerating/motor replacement is still being
developed).

Trip the 34.5 KV reactors in the switchyard when a Safety Injection
(SI) or Consequence Limiting Sequence (CLS) event occurs on either
unit.

Modify RSST load tap changer (LTC) control to eliminate all delays in
LTC response during the first three minutes of a SI or CLS event on
either unit and on transfer of unit loads to the RSS system.

Block the auto starting of large non-IE motors when the station
service bus feeding the motor is fed from the same source as an
emergency bus of a unit experiencing an SI or CIS.

Modify the RSST secondary cables to insure that they do not become
overloaded by replacing the existing underground cable with an
alternative which will have sufficient capacity for worst case
conditions.

Install two additional radiators with fans on each RSST to raise
their ratings from 24 MVA to 30 MVA.

Install new IE motor control center control transformers to assure
desired operation. (The full scope for motor control center control

circuit transformers is still being developed).

Reroute several switchyard control cables to improve separation.
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We plan to implement these modifications during currently scheduled
maintenance and refueling outages. Completion of all required modifications
is anticipated for Unit 1 by the end of the maintenance outage following the
1983 refueling and for Unit 2 by the end of the maintenance outage following
its 1983 refueling, presently scheduled for the first quarter of 1984. We
will keep you advised of any changes to our modification implementation
schedule. The operating restrictions will be implemented by July 1, 1982.

A detailed review of our analysis is provided in Attachment I entitleqd,
"Summary of GDC-17 BAnalysis Report."” We have also included in the report our
answers to your December 1, 1981 telecopied questions regarding "Grid Voltage
Degradation" and your January 12, 1982 "Diesel Sequencing" verbal questions.

Should you need more information, please contact us.

Very trhlyfyours,

4%61/
R. H. Leasburg

Attachments

cc: Mr. R. C. DeYoung, Director
NRC Office of Inspection and Enforcement
Division of Reactor Operations Inspection
Washington, D.C. 20555

Mr. J. P. O'Reilly, Regional Administrator
Office of Inspection and Enforcement
Region II

101 Marietta Street, Suite 3100

Atlanta, GA 30303
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SUMMARY OF GDC-17 ANALYSIS REPORT

SURRY POWER STATION

ELECTRICAL SYSTEM

We are analyzing the electrical system shown in Appendix A.

The reserve station service system is supplied from two 500/230/36.5 KV
autotransformers. The two 34.5 KV buses fed from these transformers
supply three 34.4/4.16 KV reserve station service transformers (RSST's),
two 34.4/4.16 KV intake structure transformers and four 34.5 XV reactor
banks. RSST's A, B, and C supply 4 KV transfer buses D, E, and F,
respectively. Transfer bus D supplies emergency bus 1J and station
service buses 1A and 2A. Transfer bus E supplies emergency bus 2H and
station service buses 1B and 2B. Transfer bus F supplies emergency buses

1H and 2J and station service buses 1C and 2C.

The 230/36.5 KV transformer serves as a back=-up reserve station service
supély. On loss of either 500/230/36.5 KV autotransformer, the 230/36.5
KV transformer is automatically switched to supply the affected 34.5 Kv
bus. Electrical acceptability (e.g., lack of electrical faults) of the

34.5 KV bus is a permissive in the automatic transfer logic.

The station service buses are fed through the 22/4.16 KV gtation service

* transformers (SST's) when their unit is on-line. During start-ups the

station service buses are fed from the RSST's. A unit trip initiates

transfer'of the station service buses from the BST's to the RSST's.




The transmission sysfem'voltage range at the 500 KXV switchyard is 505 KV
to 535 KV. This range is based on analysiq of system voltages for extreme
conditions of unit outages and loading. We will establish a system plan,
to become Appendix B, which outlines action to be taken to ensure the
voltage stays within these values. This plan will be submitted by July 1,

© 1982,

II. ELECTRICAL EQUIPMENT RATINGS

Ae Transformers

The 500/230/36.5 KV autotransformers which feed the RSST's are tapped
at 512.5 KV. The high and low voltage windings are rated for 450 MVA
at a 55°c temperature rise. The tertiary winding is rated for 97.7
MVA at a 55°C winding rise temperature rise. To fully load all

three windings concurrently, the high, low,and tertiary ratings
become 450, 360, and 90 MVA, respectively. To achieve the 97.7 MVA
tertiary rating, the maximum loading becomes 425/327/97.7 MVA,

respectively.

The 230/36.5 KV transformer which provides an alternate feed to
either 34.5 KV bus is tapped at 230 XV and is rated for 112 MVA at a
65°C winding temperature rigse. It has a load tap changer (LTC) on
its aecéndary winding which is set to maintain 36.5 KV and will
provide a + 10% voltage adjustment over full range operation. This
adjustment capability is provided by 32 taps each of which provides a

5/8% voltage adjustment.

The 22/230 KV Unit 1 main step-up transformers are tapped at 230 Kv

and are rated for 900 MVA at a 55°C winding temperature rise.

brc/1337/3



The 22/500 KV Unit 2 main step-up transformers are tapped at 500 KV
and are rated for 900 MVA at a 55°C winding temperature rise.
These taps will be changed to 512.5 KV during the next refueling

outage, currently scheduled for May, 1982.

The 34.4/4.16 KV RSST's are tapped at 34.4 KV and are each rated for
24 MVA at a 55°C winding temperature rise. With the addition of

two sets of radiators and fans pér transformer, each RSST rating Qill
be upgraded to 30 MVA. The RSST's have LTC's on their secondary
terminals‘which are set to maintain a 4300 volt output and which will
provide a + 10% voltage adjustment over full range operation. This
adjustment capability is provided by 32 taps, each of which provides

a 5/8% voltage adjustment.

The Unit 1 22/4.16 KV SST's are tapped at 20.9 KV and are rated for

22.4 MVA at a 65°C winding temperature rise.

The Unit 2 22/4.16 KV SST's are tapped at 21.422 KV and are rated for
22.4 MVA at a 65°C winding temperature rise. These taps will be
changed to 20.9 KV during the next refueling outage, which is

currently scheduled for May, 1982.

The 4.16/.48 KV emergency bus load center transformers are tapped at
4260V and 4160V and are rated for 1333 KVA at a 55 C winding

temperature rise. These taps will be changed to 4056V.

brc/1337/4




The data on the main step-up and S8T's is provided for information
. only. The RSST's provide the offsite supply to the reserve system
and, as such, the analysis has addressed only RSST supply of the

emergéqcy buses.

B. Cables and Bus Duct

The existing feeders from the RSST's to the 4 KV transfer buses (D,
E, and F) consist of 4 - 2000 MM aluminum cables per phase with
summertime continuous 90°C ratings of 1624 A for RSST B and 1684 A
for RSST's A and C. The emergency 13o°c ratings are 1940 A and
2008 A, respectively. ICEA S$-68-516 Appendix D, 1979, defines an
allowable operation at 13o°c as 100 hours per year with a maximum
of 500 hours in the lifetime of the cable. During the winter, due to
lower earth temperature and lov;ier thermal resistivity of the soil, -
‘ the continuous 90°c rating of these cables is 2000 amps. A portion
of each of these feeders is located in underground duct while the
rest is located in cable tray. The duct port:i'on of each cable run is

responsible for these low ampacity ratings.

The 4 KV feeders from the transfer buses to the emergency buses
consist of 2 - 3/C 750 MCM aluminum per emergency bus and are rated

at 946 amps per phase.

The bus duct between the transfer buses and the unit 2 normal buses

is rated for 3000 amps.

brc/1337/ 5.
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Ce. 4 KV Switchgear

‘ The 4 KV transfer bus feeder breakers and buses are rated for 3000

amps . (

The 4 XV normal bus feeder breakers and busés are rated for 3000 amps.

The 4 KV emergency bus feeder breakers and buses are rated for 1200

© AMPSe

De Motors
The 1lE motors are all fed from the emergency buses. The 4KV 1E

. motors are rated for continuous operation at 4000V + 10% (3600 to
4400V) and will start with voltages as low as 2800V (70% of 4000V).

(414v - 506V) and will start with voltages as low as 322V (70% of

' ' The 480V 1E motors are rated for continuous operation at 460V + 10%
460V).

| ,

|

‘ E. Motor Operated Valves

. The 1lE Motor Operated Valves (MOV's) are presently rated either for
continuous operation at 460V + 10% and require 90% of 460V to start,
or for continuous operation at 440V + 10% and require 85% of 440V to

start.

The MOV vendor has indicated that, based on their records of valve
torque requirements, a number of MOV's which start on elther
‘ Consequence Limiting Safeguard (CLS) or Safety Injection (SI) signals

may be rerated for starting at 80% of 460V (368V).

brc/1337/6



IIx.

F.

We are pursuing this MOV rerate, which will be discussed in the Motor

Operated Valve Analysis (section VI).

Contactors

The lE contactors which are used to start and stop motors fed from
motor control centers (MCC's) are rated for 120V + 10% (103.5V -
126.5V). They will pick-up at 100V (83% of 120V) and will drop out

below 60 V (50% of 120 V).

ANALYSIS ASSUMPTIONS

A.

The 500 KV switchyard voltage is assumed to remain within the 505 KV
- 535 KV previously specified. Worst-case transmission system
analysis indicates that the maximum switchyard voltage drop caused by
either one or both Surry units tripping off-line will not exceed 15
KV. In our analysis, we assumed a 15 KV voltage drop would occur
instantaneously with the CLS or other anticipated transient being
analyzed. Initially, we analyzed the same accident condition twice,
once with a voltage drop from 535 KV to 520 KV and once with a
voltage drop from 520 KV to 505 KV. Results for the latter case
proved to be the worst. For the results we are submitting to you, we
have assumed a switchyard voltage droé frem 520 XV to 505 KV upon the

occurrence of the condition being analyzed.
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B. The LTC tap position just prior to a condition being analyzed is
. determined by the loading on the RSS'I"_s (generally just emergency bus
loads) and by assuming 520 KV in the switchyard. nﬁ the instant a
particular condition occurs, the switchyard voltage is assumed to
drop to 505 KV and loading caused by the condition is assumed to
occur (e.g., emergency loads starting and station service buses

transfering to the RSST's).

Voltages at this instant are calculated based on the LTC tap position
prior to the condition occurrence. Final voltages are based on the
LTC correcting as required with the switchyard voltage still at 505

Kv.

Ce. For all turbine and reactor trips, with the exception of electrical

‘ abnormalities, the generatér breakers (the generator breakers refer
to the two 230 KV breakers on unit 1 and the two 500 KV breakers on
unit 2) will be trippéd 60 secondsiafterwards. The station service
buses transfer from the'SST's to the RSST's when the generator
breakers of their respective unit are opened. Our studies assume
that the station service bus loads are transfered to the RSST's
immediately upon the occurrence of the condition being analyzed.

This is a conservative approach to the voltage analysis.

brc/1337/8
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E.

Fe

Ge

To ensure worst case motor starting results, all motors receiving an
SI or a CLS signal were assumed to be not running just prior to the
accident, even if some would be running under normal operation (e.g.,
a charging pump). At the time of the accident all of these motors
were assumed to start. Additionally, worst case station service bus
loadings were used in the analysis based on the specific condition in
question (e.g., analysis of a unit 2 CLS concurrent with a unit 1
trip requires that the 1B, 1C, 2A, and 2B condensate pumps be modeled
as those running at the time of the accident since these pumps are

not shed as a result of the installed load shedding scheme).

The ampere values used in our analysis are values taken during
station measurements. Values not measured (e.g., 480 V emergency bus

loading Quring CLS conditions) were estimated.

No manual load shedding or reduction in motor current due to
decreased pump load is assumed to occur prior to 1 hour after the

occurrence of a condition being analyzed.

The only sequential loading assumed is that which is presently
designed intc the system. The sequenced lcads are the auxiliary
steam generator feedwater pumps (50 seconds after an SI signal),
inside recirculation spray pump (120 seconds after a CLS signal), and

outside recirculation spray pump {300 seconds after a CLS signal).

The existing load shedding scheme, which is individually initiated on

each RSST loading for two unit loading to the RSST's is assumed to

operate properly. The affected loads are tripped and locked-out.

brec/1337/9



With two unit loading on RSST A, the loads shed on Unit 1 bus 1lA are
the condensate pump, mechanical chiller, training center and low
pressure heater drain pump. The loads shed on Unit 2 bus 2A are the
feedwater pump, mechanical chiller and low pressure heater drain
pump. For approximately 2 minutes after the second unit transfers to
RSST A, RSST A's LTC control will wait only 5 seconds after a voltage
correction requirement is indicated before initiating corrective
action. At the end of the 2 minute period, the delay prior to

correction will revert to its normal 30 second setting.

With two unit loading on RSST B, loads shed on Unit 1 bus 1B are the
feedwater pump, high pressure heater drain pump, and mechanical
chiller. The load shed on Unit 2 bus 2B is the high pressure heater
drain pump; For approximately 2 minutes after the second unit
transfers to RSST B, RSST B's LTC control will wait only 5 seconds
after a voltage correction requirement is indicated befbre initiating
corrective action. At the end of the 2 minute period, the delay

prior to correction will revert to its normal 30 second setting.

Upon the occurrence of two unit loading on either RSST A or RSST B,
both 34.5 KV reactor banks on 34.5 KV bus no. 5 will be tripped and

locked-out.

brc/1337/10
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With two unit l;aading on RSST C, the loads ﬁhed on Unit 1 bus 1C are
. the feedwater pump, high and low pressure heater drain pumps, and the
condensate poliéhing building. The loads shed on Unit 2 bus 2C are
the condensate, high and low pressure heater drain pumps, and the
condensate polishing building. Both 34.5 KV reactors on 34.5 bus no.
6 will also be tripped and locked out. For approximately 2 minutes
after the second unit transfers to RSST C, RSST C's LTC control will
wait only 5 seconds after a voltage correction requirement is
indicated before initiating corrective action. At the end of the 2
minute period, the delay prior to correction will revert to it_:s

normal 30 second setting.

This load shedding scheme was initially installed as a interim
. modification. Based on our analysis, we believe it should remain as

a permanent modification.

I. The RSST's provide the offsite supply to the reserve system. The

analysis has addressed only RSST supply to the emexrgency buses.

Je Additional assumptions that were made concerned anticipated
modifications which we incorporated into our analysis. The 4.16/.48
KV emergency transformers will be re-~tapped to the 4056V tap and are

modeled as such. We will be tripping the 34.5 KV reactors for the

conditions studied. In our studies the reactors were considered to
be out of service at all times, which provides the worst case LTC tap
prior to the condition being analyzed. The LTC's were assumed to

. begin correction immediately after the occurrence of the analysis

condition rather than delaying for the 5 seconds or 30 seconds
presently designed into its response.
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Our analysis has been directed at identifying and addressing worst
cagse conditions. We have not directly analyzed evexry possible
occurrence. By observation and through the use of engineering
judgement, we have ensured that all worst case conditions have been
analyzed and the proposed modifications will correct all deficiencies

identified as a result of this study.

IV. EQUIPMENT LOADING ANALYSIS

The purpose for this portion of the analysis is to ensure the reserve
station service system can adequately handle the safety and nonsafety
loads which it is required to supply and to address any overload which
might occur due to load transferring to the reserve system. This analysis
agsumes all sequenced loads are energized and a steady state loading has
been achieved. Ioads analyzed include the maximum load necessitated by
the event and the mode of operation of the plant at the time of the event
as well as all loads caused by expected automatic actions and manual
actions permitted by adminisﬁrative procedures. The analysis, rather than
taking credit for load diversity of major loads, maximized loading on
individual pieces of equipment. Summation of the loads used to analyze a
single event would exceed the actual total locad of the event because, in

actuality, not all of the loads are running at any one time.

brc/1337/12
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The loading conditions analyzed included all combinations of the units at
100% power, start-up, tripping, and tripping with a CLS, with the
egception of two units simultaneously in start-up and two units
siﬁultaneously tripping with a CLS on each unit. The Bgquipment Ioading
Analysis Tabulation, Appendix C, provides results for worst case loading
as defined above. While the majority of the equipment will not experience
an overload, some of the equipment may possibly become overloaded. The
RSST's, 4 KV transfer buses, and feeder cable from the RSST's to the
transfer buées,‘500/230/36-5 KV autotransformers, 230/36.5 KV transformer
and certain emergency 4 KV/480 V transformers may become overloaded under

certain situations and are discussed below.

A. Regerve Station Service Transformers

The 24 MVA RSST's may become overloaded only during two unit loadinge.

The present rating for each RSST with its LTC in the maximum boost
position is 2967 amps. If loading is such that the LTC cannot
correct the voltage to 4300 V, the LTC will definitely be at maximum
boost. For worst case conditions, the LTC maintains approximately
4160 V. For this reason, worst case load currents have been

calculated at 4160 V and compared to the 2967A rating.

Maximum 2 unit RSST loading with a CLS on one unit results in loading
on RSST's A, B, and C of 3141A, 3340A, and 3487A which are 106%,

113%, and 118%, respectively, of the transformer ratings.

Maximum 2 unit RSST loading in nonaccident conditions'results in
loading on RSST's A, B, and C of 3141A, 3340A, and 3313A which are
106%, 113%, and 1128, respectively of the transformer rating.

bre/1337/13




At an 18% overload, based on a 100% preload and a 30°C average
. ambient temperature, the maximum loss of 1life due to the overload

will not exceed 1l.0% in 24 hours.

The RSST's are not overloaded during normal power operations or

during single unit loading of the RSST's.

We will install two sets of radiators and fans on each RSST. Each
RSST full load rating will become 30 MVA at a 55°C temperature
rise. With its LTC at the maximum boost position, each transformer
will be rated for 3708A.- The maximum loading will be 94% of the

rated capacity.

’ - Be 4 KV Cable From The RSST's To The Transfer Buses
' The 4-2000 MCM aluminum cables per phase which supply the 4KV
transfer buses from the RSST's may be loaded such that their 90°C
continuous rating is exceeded. The overload is possible on each set
of cables but the most severe case is for the cables from RSST C to
transfer bus F. The overload data supplied below pertains to these

cables, unless otherwise specified.

Under worst case conditions, the cables may experience loads equal to
167% and 160% of rated capacity during single unit start-up and

single unit trip conditions respectively. These percentages are with

respect to worst case summer ratings. When compared with the winter

90°C rating, the loads are 141% and 135%, respectively, of rated
‘ capacity. The start-up loading may be restricted to allowable
values. Cable heat-up to 90°c due to a unit trip following power
operation of both units will take at least 6 hours.

brc/1337/14
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The cables may experience maximum loads equal to 207% of rated
capacity during 2 unit loading on the RSST's. Thig loading occurs
during a nnit start-up while the other unit trips with a CLS. Based
on a typical 24 hour start-up, if the second unit tripped at the end
of the start-up of the first unit and if the first unit remained on
the RSST's, the cable would not reach its 130°C emergency rating
for at least 75 minutes. Maximum non-accident two unit loading on
the RSST's results in loading equal to 206% of the rated capacity of

the cables between RSST B and transfer bus E.

Present operating restrictions limit loading on each RSST to 2000
amps maximum, which is the winter 90°C rating of the cable,

whenever possible. For the occasions which that level is exceeded,
we are recording the current level and duration of that 1evei. These
values are used in determination of the condition of the cable with

respect to its allowable overload time.

To correct this situation, each set of feeder cables between the
RSST's and the transfer buses will have its underground portion
removed from service.  The feeders from the RSST's will consist of
overhead bus from the transformers to the turbine building wall.
From that éoint, existing cable and/or new cable vili be used as a

continuation of these feeders in one of three arrangements, which

_are: 1) the feeders directly supplying each transfer bus as

presently exists, 2) the feeders splitting and separately supplying
the Unit 2 station service buses and the transfer buses, with Unit 1
station service buses -ti;l fed from the transfer buses, or 3) the

feeders splitting and separately supplying the Unit 1 station service

brc/1337/15
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buses, Unit 2 station gervice buses, and the transfer buses. The
. emergency buses will continue to be supplied from the transfer buses

regardless of the alternative chosen. We must complete additional

engineering review prior to determining which of the alternatives

will be implemented.

In the interim period, until completion of the modification discussed
above, operating restrictions are required to minimize loss of
equipment l;fe due to overloading of the equipment. Based on the
cable heat-up times discussed above, operating restrictions have been
developed and are included in the Summary of Modifications, Section

X, Part A.3.

C. 4 KV Transfer Bus Feeder Breakers and Buses
‘ The 3000 amp, 4 KV transfer bus feeder breakers and buses may become

overloaded during two unit loading on the RSST's.

As discussed above, the maximum loads for transfer buses D, E and F
are 314137, 3340A, and 3487A, respectively. Based on present
operating restrictions which limit RSST loading to 2000 amps, the

maximum 487 amp overlocad may last for over 29 minutes pricr to

causing ahy increased loss of switchgear life due to the overload.

Operator action will remove the overload on the switchgear.

Based on the operating restrictions discussed for single unit loading

on the RS$ST's, the maximum preload to a 2 unit RSST loading case will

. be 1684 amps during the summer. The allowable duration of the 487A
overload, without causing increased loss of life, will be over 33
minutes.

bxc/1337/16
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D.

With reference to the Summary of Modifications, Section X, Part A.3.,
operating restrictions will ;nsure that load reduction to 3000A or
below is accomplished within 30 minutes. These operating
restrictions will be in effect until completion of the cable
replacement modification, at which time the possibility of an
overload of the transfer buses will not exist or bus cooling will be

installed on each transfer bus.

500/230/36.5 KV Autotransformers

. Based on worst case loading, including both intake structure (G Bus)

transfomers and both 30 MVAR reactor banks, on the autotransformer
which supplies RSST's A and B, this autotransformer may become
overloaded, during nonaccident conditions only, by 23% based on its
90 MVA tertiary rating. The reactor banks are typically energized
during periods of light system load. Using the 97.7 MVA fertiary
rating, which is more realistic for the autotransformer loading
experienced during a light system load condition, this overload
reduces to 13%. The overload on the other autotransformer is

approximately 3% based on its 90 MVA rating.

Based on 100% preload and a 30°C average amblent temperature, the
maximum loss of life caused by a 23% overload is less than 2% over a
24 hour period. At a 13% overload, the loss of life is less than

0.5% for 24 hours.

Alarms are presently installed to monitor the tertiary of each
autotransformer. %The alamms alert our System Operator's office to

overloads. Surry Power Station is then notified to take suitable

action to remove the overload condition.
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E.

Fo

230/36.5 KV Transformer

Subject to the same maximum loading as the autotransformers, the
230/36.5 KV transformer has a higher continuous rating and a less
severe overload possibility. The maximum overload for this

transformer is 9%.

The maximum additional loss of life due to a 9% overload will be less

than 0.5% over a 24 hour period.

The loading on this transformer is also alarmed as discussed above,

with appropriate load reduction following station notification.

Emergency 4 KV/480 V Transformers

Review of worst case loadings indicate that only 4 KV/480 V emergency

transformers 1H and 2H could possibly be overloaded, under accident
conditions only, at a steady state voltage of 451 volts (94% of
480 V) or below. The other emergency transformers will not become

overloaded.

Review of the voltage pfofiles indicates 480 V bus 2H could drop as
low as 88.8% in the condition of an autotransformer failure. This
would result in a maximum load of 106% of rated capacity. Based on
1008 preload and an average ambient of 30°c, the additional losgs of
life due to an overload is less than 0.25% in a 24 hour period.
Based on this negligible loss of life combined with the low
occurrence probability, no modification is required for this

condition.
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Review of the voltage profiles for normal operating arrangements
indicates that the steady state voltages for 480 V buses lH and 2H

remain above 451 V.

Ve VOLTAGE ANALYSIS

A. Guidelines and Assumptions

We have conducted our voltage analysis on the assumption that no
onsite sources of AC power are available. Our intent is to ensure
the offsite power system and the onsite distribution system are of
sufficient capacity and capability to automatically start as well as
operate all required safety loads within their required voltage
ratings in the event of (1) an anticipated transient (such as unit
trié) or (2) an accident (such as.a IOCA) regardless of other actions
the electric power system is designed to automatically initiate apd

without the need for manual shedding of any electric loads.
Specific goals of our analysis are to ensure:

1. All 1E loads receive rated starting and running voltages within
the time frame required for proper operation. This includes
analysis of voltage drop in cable feeding switchgear, MCC's and

motors.

2. Bo spurious seéardtions'from the qffsite sources occur. This
goai addresses zecoﬁery voltages after motor:sta¥§ing and final
‘voltage adequacy to ensure éhe emergency buses wili not separate
from the offsite while the offsité haﬁ the capability to

adequately supply the emergency buses.
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. 3. Final steady-state voltages are within all 1E equipment ratings.

4. Starting voltage and minimum running voltage requirements for
all equipment are to be achieved based on the lowest system
voltage. Maximum running voltage requirements are to be met

based on the highest system voltage.

5. 4KV emergency bus loss of voltage and degfaded voltage relaying
setpoints adequately protect all 1lE loads, including the 480V

and 120V loads.

The above goals are to be achieved while analyzing all offsite

sources to each emergency bus and specific worst case loading for

. each possible condition.

After initial analysis indicated certain modifications would be
required to prevent possible spurious separation of the emergency
3 buses and to ensure adequate 480V bus voltages, these modifications
were incorporated into our analysis and are included in our results.
The modifications are as follows:
1. The RSST LTC's presently operate 30 seconds after a wvoltage

correction requirement is indicated. This prevents unnecessary

operation during system transients (e.g., system voltage swings
and large motor starting). During two unit loading on the
RSST's, the 30 second delay is reduced to 5 seconds for a period

: ‘ of 2 minutes. The LTC control will be modified such that for SI
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and CLS conditions on either unit, the L@C will provide
instantaneous voltage correction_for approximately 3 minutes
after the accident occurs, and for approximately 1l minute after
a unit transfers to the RSST's while an SI or CLS condition is
occurring on either unit. Field measurements indicate voltage
correction sensing and drive motor acceleration take 2 cycles,
‘and each tap éhange takes approximately 1.9 seconds. Voltages
shown at t = 5 seconds are calculated with either fixed taps (no
LTC correction) 6r with the LTC advanced 2 taps from its
position at the time of the accident. The bases for the LTC
advancement are the instantaneous correction modification and

the timing sequence previously identified.

2. The 34.5 KV reactor banks will be tripped when a unit transfers
to the RSST's if an SI or CLS condition is occurring on either

unite.

3. The 4.16/.48KV emergency transformers were modeled as being

tapped at 4056V rather than the existing taps of 4160V and 4260V.

Although we will modify the 4KV feeds from the RSST's to the
emergency and station service buses, all our voltage profile'studies
have been run based on the existing cable arrangement. These studies
should provide results close to those achieved based on our
modificationé- Once we finalize our cable modification, we will
assess the effect of‘the modifications on our voltage profiles
completed to date qnd will inform you of any negative impact on the

conclusions we have reached in this hnalys;s.
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Our voltage analysis assumed occurrence of a CLS, which includes all
motors started on an SI plus the additional motors required by a CLS,
and loading of the RSST's as defined in the Analysis Assumptions
(Section III). Unit station service loads are assumed to transfer to
the RSST's upon the occurrence of a CLS. For two unit loading of the
RSST's, three possibilities of the timing of the second unit load
transfer to the RSST's were considered. The station service bus
loads of the second unit were assumed to transfer 60 seconds prior
to, simultaneous with, and 60 seconds after, the occurrence of a CLS
on the first unit. After initial analysis indicated that the second
unit transfer at 60 seconds after the CLS provided a worse case than
the 60 second transfer prior to the CLS, the offset cases were

limited to transfers 50 seconds after the CLS.

The simultaneous cases are the worst cases; however, we believe the
probability of their occurrence is sufficiently small that
modifications are not required specifically for these cases. The 60
second offset cases were run to analyze events we view as credible.
Analysis for the second unit load transfer with a 60 second offset on
either side of the first unit CLS is equivalent to analysis of the

second unit load transfer at any time greater than 60 seconds.
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B. Voltage Profile Summary Sheets

We have included copies of our voltage profile results for those
studies which were run after we decided to implement several
lodificgtions- Along with initial starting voltages and final sgteady
state voltages, a series of times are shown to indicate the effects
of motor starting, motors reaching full speed, LTC corrective action,
and load transferring to the RSST's. This transient analysis is used
to ensure that spurious separation of the emergency buses will not

occure.

The MOV's are modeled as starting loads, drawing locked rotor amps,
through the first 5 second time period to reflect their higher

starting voltage rating.

The 480 volt buses are listed on the voltage profile summary sheets
in a format with the 1H bus always above the 1Hl1 bus, the 2J bus

above the 2J1 bus, etc.

Our voltage profile computer model provides wvoltages on a per unit
basis for all 500KV, 230KV, 36.5KV, 4.16KV and 480V buses, using
those voltages as base voltages. The voltages are listed in per unit

on the voltage profiie sumnary sheets.

These purmary sheets will be individually discussed in Sections G, H,

I, J, XK, and L which follow.
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C.

D.

Motor Terminal Voltage Requirements

To ensure all 4KV and 480V loads receive adequate voltage during all
conditions, minimum 4KV and 4§0V bus voltages were calculated based
on each motor receiving its minimum required starting aﬂd running '
voltages. Thig calculation includes voltage drop iﬁ all éaﬁles
feeding the motors. Thesé results are tabulated in Appendix D. This
table provides the guidelines for»acceptabili£y of the voltage
profile results. Note that the starting voltages required at the

480V buses for loads starting from motor control centers (MCC's) are

based on MOV's requiring 80% of 460V (368V) to start.

120V contéctor Requirements

Analysis of voltages available to the 120V contactors, which control
the léad fed from MCC's, was completea‘in a similar manner. ‘Based on
a review of 1E control circuiis' lead léngths énd burdens, selected
worst case qircuits were analyzed. The analysis method assumed MCC
bus voltages which would occur for worst case voltage profiles. This
voltage will supply at least 382 V (80% of 480 V) to the worst case

MOV's. The maximum lead lengths which would allow the contactors'

.colls to receive 100V (83% of 120V) were thgn calculated.

Five different sizes of control transformers are used in the 1lE
contiol circuits.. These sizes are 65VA, 120VA, 140VA, 200VA, and
350VA. Three of these sizes are used in the NEMA size 1 starters
which supply the MOV's required to start on SI or CLS. These
transformer sizes'are_GSVA,‘l20VA and 140VA. For worst case

conditions (i.e. long lead length and high burden), the impedances of
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these control transformers are higher than the maximum impedance
allowable to ensure the contactor coils receive at least minimum
pick-up voltage when minimum starting voltage is available for the
MOV's. Replacement of existing control transformers with
transformers of suitable characteristics will correct this

condition. Investigations of this option and of the less than worst
case conditions are still being completed. As a result, the scope of

this modificaton has not yet been developed.

E. Emergency Bus Loss of Voltage/Degraded Voltage Protection

The eﬁergency buses each have a two out of three }oss of voltage ahd
a two out of three degraded voltage protective scheme. Each scheme
consists of three undervoltage relays set to initiate tranéfer of an
emergency bus from its off-site source based on aﬁ undervoltage of a
certain duration. The loss of voltage setpoints are 75% voltage aﬂd
2 seconds. The degraded voltage setpoints are 90% voitage and 7
secoﬁds for an SI or CLS condition or 90% voltage and 60 seconds for

non-accident conditions. The setpoints are based on a nominal 4160V

bus voltage.

The emergency diesel generators receive starting signals initiated
from the degraded voltage 7 second SI timer (for use in accident
conditions), from a degraded voltage 50 second timer (for use in

nonaccident conditions), and from a 2 second loss of voltage timer;
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In the event of an underyoltage on a emergency bus, the emergency bus
will separate from its reserve station service‘source, at the end of
one of the previously indicated design times, and will load to the
diesel generator. The longest time frame in loading to the diesel
generator during an accident is for a degraded voltage condition.
Including 7 seconds of sensing time and the 2 second diesel generator

breaker closing delay, the emergency bus will load to the diesel

generator at approximately 9 seconds. The FSAR requires that the

diesel generator be up to speéd and accepting load within about 10
seconds. Westinghouse has documented, see Appendix E, that a safety
injection flow interruption of approximately 15 seconds, including
sequencing of safeguards loads, may be tolerated at any point during
an accident. Therefore, the existing timing sequence is acceptable.
The 75% and 90% undervoltage setpoints agd assoclated times are based
on protection of the motors. Referral to the motor teminal voltage
requirements listed in Appendix D indicates the 90% setpoint
adequately protects the 90% continuous rating of the motors.
Comparison with the voltage profile results indicates steady state

voltages are well above the 90% setpoint.

The 60 éecond degraded voltage setpoint is sufficient to allow the
emergency bus to ride through reactof coolant pump motor starting
transients. The degraded voltage 7 second timers ensure the
emergency loads are sequenced onto the diesel generator in the same
time frame required for loss of voltage. The 2 second loss of

voltage timer allows the emergency bus to ride through transients.
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The tolerance of the voltage relay setpoints is + 0.1l%. The maximum

'operating time of‘the voltage relays is 0.5005 seconds. The 7, 10,

50 and 60 second timers have tolerances of + 5% of the setting. The
2 second timer has a tolerance of + 1%. The two types of auxiliary
relays used in the protective schemé operate in 0.014 seconds and
0.084 seconds. Based on these tolerances, the maximum time between
the océurrence of a degraded voltage condition during an accident and
the emergency bus loading to the diesel generator will be 10.2

seconds, which meets FSAR requirements.

" The degraded voltages allowed with this protective scheme (e.g.,

worst case degraded voltage is 76% voltage for 60 seconds) will not
cause 1E overload heaters to operate. Fusing is not used either for
primary protection of a 1lE load or for control transformer protection

in 1E control circuits.

Appendix F consists of logic diagrams of the loss of voltage/degraded
voltage protective scheme for 4KV buses 1H and 1J. Unit 2 protection‘

is similar.

Appendix G consists of a description of the testability of the loss

of voltage/degraded voltage protective scheme.

The Technical Specifications will be modified to include the

protective setpoints and allowable values indicated above.
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F. LOAD SEQUENCING

The intent of this section is to describe loading caused by accident

and loss of offgite power conditions. The loads addressed are the

4KV and load center fed 480V emergency loads. The discussion will

address load sequencing, bulk loading, load shedding, protective

gsystem bypassing, and the resetting and reinstating of those items.

Loads (i.e. charging pumps) which may be running during normal

operation and which also receive safequards start signals are

indicated as starting for the purposes of this discussion.

The loading described below is based on the assumption that the

control switch of the "C" charging pump is in the "Pull-to-lLock"

position.
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Safety Injection, Consequence Limiting Safeguards, and lLoss of

Offsite Power Conditions.

The Unit 1 4KV and load center fed 480V emergency bus loads and
diesel generators are listed, in Appendix H, in a tabulation
showing what actions are initiated from SI, CLS, and lLoss of
Offsife Power signals. This tabulation is the basis on which

the following scenarios are discussed.

Unit 2 actions are analogous to the Unit 1 actions described.




2.
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Loss of Offsite Power Concurrent with an SI

The loads starting on each emergency bus for SI signals will be
the charging pumps, low head safety injection pumps, and the

filter exhaust fans.

Each emergency bus feeder breaker will be tripped, sepaéating
the emergency buses from their offsite sources. The stub bus
tie bfeaker, component cooling and residual heat removal pumps
will be tripped off each emeréency bus. In addition, the bus 1lH

charging pump will be tripped.

The diesel generators will each receive two start signals.

Their breakers will close after the generators are within 95% +
2% of their rated voitage and 97% + 2% of their rated épeed} but
not sooner than 2 seconds after the automatic breaker closure
signal is given. Once the emergency bﬁs offsite feeder breaker
opens and the diesel generator breaker cldses, the loss of
voltage/degraded voltage proteqtion scheme is automatically
disabled. This is also standard operation for the loss of

offsite power scenarios discussed following this one.

The steam generator auxiliary feedwater pump on each emergency

bus will start 50 seconds after the SI.




3. Ioss of Offsite Power Concurrent with a CLS

For the occurrence of a CLS, the loads which are initiated on SI

signals will be initiated in addition to the CLS initiated loads.

Immediate starting signals will be received by the charging
pump, low head safety injection pump, filter exhaust fan,

containment spray pump, and the diesel generator on each bus.

- The emergency bus feeder breaker, stub bus feeder breaker,
component cooling pump, residual heat removal pump, and
containment recirculation fan are ﬁripped on both emergency

buses. The bus 1lH charging pump will also be tripped.

. . The diesel generators will pick up the emergency buses, after
the generators attain the required speed and voltage, as
discussed in Item F2.

Delayed starting will occur on each emergency bus as follows:

1) at 50 seconds after the CLS, the steam generator auxiliary
feedwater pumps will start, 2) at 120 seconds after the CLS, the’
inside recirculation spray pumps will start, and 3) at 300
seconds after the CLS, the outside recirculation spray pumps.

will start.
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4.

bre/1337/31

Interruption of Offsite Power While an SI is in Progress

Thé loss of offsite power does not effect the sequencing of the
delayed starting éI initiated loads. For an SI at T = 0 seconds
and a loss of offsite power at T = 30 seconds, the steam
genérator_auxiliary feedwater pumps still sequence on at T = 50
seconds. Tbe following discussion will concern a loss of

offsite power later than 50 seconds after an SI.

Upon the occurrence of an SI, the emergency diesel generator,

charging pump, low head safety injectipn pump and filter exhaust
fan on each emergency bus receive immediate start signals. The
steam generator auxiliary feedwater pumps are started 50 seconds

after the SI.

Upon the occurrence of the loss of offsite power, the emergency

bus feeder breaker, stub bus feeder breaker, componenﬁ cooling

~ pump, and residual heat removal pump are tripped on both buses,

while the charging pump is tripped on Bus 1H.
Each diesel generator breaker closes 2 seconds after the loss of
offgite power and opening of its respective emergency bus feeder

breaker.



5.
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Interruption of Offgsite Power While a CLS is in Progress

The loss of offsite power does not effect the sequencing of the
delayed starting CLS initiated loads. For a CLS at T = 0
seconds and a loss of offsite power at T = 100 seconds, the
inside recirculation spraf pump would start at T = 120 seconds

and the outside recirculation spray pump would start at T = 300

" seconds. The following discussion will concern a loss of

offsite power later than 300 seconds after a CIS.

Upon the occurrence of a CLS, the emergency diesel generator,

charging pump, low head safety injection pump, containment spray

pump, and filter exhaust fan on each emergency bus receive

immgdiate'start éignals. The containment recirculation fan on

each bus will be immediately tripped.

The steam generator auxiliary feedwater pump will be started 50
seconds after the CLS. The inside and outside recirculation
spray pumps will be started 120 and 300 seconds after the CLS,

respectively.

Upon the occurrence of the loss of offsite power, the emergency
bus feeder breaker, stub bus feeder breaker, component cooling
pump,and residual heat removal pump are tripped on both buses.

The bus 1H charging pump is also tripped.

Each diesel generator breaker closes 2 seconds after the loss of

offsite power and opening of its respective emergency bus feeder

breaker.




Ge.

SINGLE UNIT LOADING ON THE RSST's

In this portion of the voltage profile analysis, it is assumed a unit
has a CILS and immediately transfers its station service bus loads to
the RSST's, while the other unit is operating at 100% power with its

station service buses fed from its SST's.

Appendix I consists of Job Numbers 1663 and 2210, which summarize our

results for these conditions.

Job 2210, Unit 1 CLS with Unit 2 at 100% power, indicates adequate
starting voltages for all motors, spurious separation of an emergency

bus will not occur, and adequate steady state voltages are achieved.

‘Job 1663, Unit 2 CLS with Unit 1 at 100% power, analyzes the effect

He.

of the condensate pumps, on buses 2B and 2C, starting after the LTC's
had reached their final positions. The voltages on emergency buses

2H and 2J dip, although not severely or for a long duration.

TWO UNIT LOADING ON THE RSST's

" In this portion of the voltage profile analysis, it is assumed that

one unit experiences a CLS and transfers its station service loads to
the RSST's at that time. The second unit trips and transfers its
station service loads to the RSST's either at the occurrence of the

CLS or 60 seconds later.

Appendix J consists of Job Numbers 3478, 3525, 0656, 1313, 0322,

2142, 1575, and 764.
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Job 3478, Unit 2 CLS with Unit 1 transferring its station service
loads to the RSST's at the same instant the Unit 2 CLS occurs,
indicates all initial starting voltages are acceptable with the
exception of the 480V bus 2H. The starting voltage requirements for
the 480V containment spray pump and low head safety injection pump
motors, both fed from bus 2H, are 70.9% and 72.0% voltage at the load
center bus, respectively. Acceleration of the 4KV charging pump will
ensure adeqﬁate starting voltage will be supplied to at least the
containment spray pump. Acceleration of the containment spray pump
will ensure adequate starting voltage is supplied to the low head
safety injection pump. The pfotective relaying on both 480V motors
will not operate before 20 seconds with the motors drawing 1ockedl
rotor current at 100% voltage. At 70% voltage, the relay operating
time is greater than 25 seconds. As a comparative example, the low
head safety injection motor starts in under 0.6 seconds at 100%
voltage and in approximately 2 seconds at 70% voltage. This fully
justifies the starting voltages available for this situation. The
voltages shown at T = 5 seconds do not reflect any LTC movement from
its initial position. The voltages are adequate to start MOV's rated
at 368V starting. Although 4KV bus 2J has adequate voltage at T = 5
seconds, 4KV bus 2H voltage appears low. The 87.7% shown on bus 2H
would be approximately 89.6% at 7 seconds if one takes into account
an instantaneous LTC signal and the LTC movement times previously
specified (taking credit for 3 taps at 5/8% per tap). Based on a 90%
degraded voltage setpoint and 7 second timer during accident

conditions, bus 2H may spuriously separate from the offsite source
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and load to the diesel generator. Given the calculation
conservatisms, extremely low occurreﬁce probability, and marginality
of the calculation results, we do not believe additional modification
is required for this occurrence. Examination of the steady state
(after LTC has completed its corrxection) condition indiéates

acceptable results.

Job 3525, Unit 1 CLS with Unit 2 transferring its station service
loads to the RSST's at the same instant the Unit 1 CLS occurs,
indicates all starting voltages are acceptable except for 480V bus
1J. The 480V containment spray and low head safety injection pumps,
fed from bus 1J, require 73.3% and 73.6% voltage at the load center
bus, respectively;-to start. Again, based on 4KV charging pump motér
acceleration, instantaneous LTC movement, and at least 20 seconds
prior to relay operation due to starting current, this is an
acceptable starting voltage profile. The 89.5% voltage shown on bus
13 at 5 seconds, will be approximately 91.4% at 7 seconds based on
instantaneous LTC movement. The 480V voltages shown at 5 seconds are
adequate for 368V starting MOV's. The steady state voltages are

adequate.

Jobs 0656 and 1313, Unit 2 CLS with Unit 1 transferring its station
service loads to the RSST's 60 seconds after the Unit 2 CLS, indicate

acceptable starting, intermediate, and steady state voltages.

Job 0322, Unit 2 CLS with Unit 1 in start-up, indicates acceptable

starting, intermediate, and steady state voltages.
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Job 2142, both units tripping simultaneously in nonaccident

conditions, indicates acceptable voltage levels.

Job 1575, Unit 1 CLS with Unit 2 station sérvice loads on the RSST,
analyzes condensate pumps starting on buses 1A and 2C after a steady
state condition had been achieved for the two unit loading of the
RSST's. Spurious separation of an emergency bus does not occur and
adequate voltages are indiqated after the motor accelerates prior to

LTC correction.

Job 764, Unit 2 CLS with Unit 1 station service loads transferring to
the RSST's at the instant the CLS occurs, is a re-fun of Job 3478 but
modgls the G bus tie breaker as closed. To determine the effect of

either possible arrangement (i.e. Bus 1G supplying Bus 2G with the 26

feeder breaker open or the reverse arrangement), loading equivalent

"to both G buses was modeled on both 34.4/4.16KV intakelstructure

transformers.

Comparison of Jobs 764 and 3478 indicates the G bus loading affects
the voltage profiles. For buses 1J and 2H, the extra loading
decreases voltage by 0.8%, maximum, during the transient conditions
and by 2.6%, maximum, at stead& state. For buses 1lH and 2J, the
respective values are 0.6% and 0.5%. The differences result because
the offsite train (including'RSST's A and B) supplying buses 1J and
2H is more heavily loaded than the other offsite train. In case

3478, the LTC's on RSST's A and B have reached maximum boost while
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the LTC on RSST C has not. Voltage drop caused by any additional
load will be directly reflected on RSST's A and B since they have no
additional correction capability. RSST C has additional voltage
correction capability which will be uéed with the addition of a
second G bus load. Consequently the volﬁage differences indicated

are not as large.

In analyzing the voltage profile for Job 764, the reasoning presented
in Job 3478 analysis is applicable. The voltage at T = 0 seconds is
sufficient to start and accelerate the 4KV charging pump. The

acceleration of this pump combined with instantaneous LTC movement

- will provide sufficient voltage to the 480V containment spray pump to

accelerate this motor. The low head safety injection pump will begin
acceleration no later than the time at which the containment spray
pump has accelerated. Given that the protective relaying will not
operate for at least 20 seconds, this'analysis provides acceptable
results. Based oh achieving LTC movement of 3 taps at 7 seconds, 4KV
bus 2H voltage would be approximately 88.9%. This indicates a
spurious separation may occur. Again évaluating the calculation
conservatisms and low occurrence prbbability,.we do not believe

additional modification is required for this occurrence.

By applying the voltage differences between Jobs 764 and 3478 to the
other voltége profiles presented, analysis of the effect of both G
buses being fed from one source may be accomplished for-all other

conditions. Results of this analysis indicate acceptable results.
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I.

10SS OF 500/230/36.5KV AUTOTRANSFORMER

In the event of the loss of a 500/230/36.5KV autotransfoimer, the
affected 34.5KV bus is automat;cally supplied by the 230/36.5KV
transformer. Due to system load flow through the rémaining
autotransformer, this arrangement provides worst caée conditions for
those émeréency buses fed from the remaining autotransfbrmer.
Results for buses being fed from the 230/36.5 KV transformer are

somewhat better.

Jobs 2299, 1078 and 712, in Appendix K, provide results for buses 1J
and 2H being fed (radially) from both the 230/36.5 KV transformer and
the remaining 500/230/36.5 KY autotransformer. While this
arrangement is a physical impossibility, the studies were completed
in this manner because buses 1J and 2H are the worst case buses and
these studies would provide a comparison between the two possible
methods of supplying these buses with one autotransformer out of
service. These.ﬁobs_list "lJ and 2H" columns and "1J' and 2H'"
columns. The "1J and 2H" columns model those\buses as being fed from
the remaininé autotransformer. The "1J' and 2E'" columns model those

buses as being fed from the 230/36.5 KV transformers. The following

analysis is applicable to both arrangements.

Job 2299, Unit 2 CLS with a Unit 1 trip causing its station service
loads to transfer to the RSST's at the same instant fhe CLS occurs,
indicates a lower voltage profile than previously indicated with Job
3478. The 4 KV motors will start at T=0. The 480 V motors wiil not

start until the charging pumps have started and will probably require
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LTC movement of approximately 5 steps. The 480 V bus 2Hl1 voltage at
T=5 seconds is lower than that required to ensure all MOV's receive
adequate starting voltage. The 4 KV bus 2H voltage at T=5 seconds is
sufficiently low enough that, even with an additional LTC tap, at Té?
seconds the emergency bus will probably spuriousl& separate from its
offgite source and load to the diesel generator. Based on the low
occﬁrrence probaﬁility for this scenario we do not see a need fof
modification to improve these results, which are conserv;tively

calculated.

Job 712 and 1078, Unit 2 CLS with unit 1 station service buses
transferring to the RSST's 60 seconds after the CLS indicates

acceptable starting, intermediate, and steady state results.

Applying the results of the G bus transfer case, Job 764, to the two
scenarios discussed above will provide the results for lower

probability occurrences but will not measurably change the

conclusions. The simultaneous case will be somewhat worse than the

above analysis indicates. The 60 second offset cause will still

provide acceptable results.

Overvoltage Analysis

Based on 535KV in the switchyard, no load on the RSST's or intake
structure (G bus) transformers, no transformer losses, and the 34.5
Xv reacéor bahks in a de-energized state, the LTC's correct to 4331lv
or 108% of the nominal rating of the 4kv motors and 103% of the
nominal PT rating. At the 480V buses, the maximum voltage will be

513v or 112% of the nominal ratings of the 480V motors and 107% of
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the nominal PT ratings. The maximum voltage on the 120V motor
starting circuits will be 139V, or 116% of the starter coil nominal
rating. The overvoltages indicated are strictly for unloaded,.
lossless analysis. As loading is added to the RSST gystem, the

overvoltages will cease to exist due to voltage drops across

'~ transformers and cables.

To simulate a light load on the RSST's; Job 3379, summarized in
Appendix L, analyzes Unit 1 at 100% éower and Unit 2 in refueling.
Unit 1 loading on the RSST's consists of emergency bus loads only.
Unit 2 loading on the RSST's consists of‘emérgency bus loads and some
480V loads fed from the station service buses. The voltages for this

condition are within the equipment ratings.

Large Nonsafety Motor Starts

Three nonsafety motors, condensate (3000HP), high pressure heater
drain (2000 HP), bearing cooling (700 HP) and a fourth, component

cooling (600 HP), located on each emergency bus, receive nonaccident

- automatic start signals, which conceivably could occur during an

accident. Jobs 1575 and 1663 provided results for condensate pump
starts after all CLS loads were operating and steady state voltages
achieved. Acceptable results will also be achieved with the other

three pumps since these have smaller motors than that of the
condensate pump. If one of these motors started prior to the steady

state condition, it could possibly cause the spurious separation of

an emergency bus.
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We will modify the automatic starting circuits of the condensate,
‘ hiéh pressure heater drain, bearing cooling, and component cooling
pumps to disable the automatic starts for approximately 60 seconds
after an SI or CLS to ensure sufficient wvoltage is available to stért-
the motors without causing emergency bus separation. These blocking
features will be initiated such that blocking will not occur in cases

which will not affect an emergency bus.

Manual starts of thesg pumps and of the reactor coolant and steam
generator feedwater pumps will not be restricted during accident
conditions. The operators will be informed that starting these pumps
may cause emergency bus separation and they will only start the

motors if necessary.

This spurious separation problem only exists on an emergency bus
undexr SI or CLS conditions. Spurious separation does not occur for

NON-SI and NON-CLS conditions.

Le Instrumentation Circuits

The 120V plant vital bus loads, including instrumentation, are fed
either from uninterruptible power sﬁpplies or from requlating
transformers and are not affected by system voltage fluctuation. For
loss of A.C. power, t@e uninterruptible power supplies have the
capability to supply the vital buses normally fed from the regulating

transformers.
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M. Control Circuits

The breaker control circuits for the 4,160 V bus and 480 V load
center bus loads are supplied by the station batteries and are

~

independent of system voltage.

The MCC control circuits, fed from 480 V/120 V control transformers,
are not fused. As such, they are not affected by system voltage

fluctuations.

VI. MOTOR OPERATED VALVE ANALYSIS

Our initial investigations indicated all MOV's required to start on either
SI or CLS signals were rated at 460V + 10% for starting and running.
Further investigations with the MOV vendor have indicated a number of

MOV's may be rerated for 368V (80% of 460V) starting, while others may not

‘be rerated. Several MOV's are actually rated for continuous operation at

440V + 10% and will start at 374V (85% of 440V). 1In addition, some MOV's
are still being investigated for rerating. AOut of a total of 82 MOV's on
Units 1 and 2, 32 may be rerated for 368v (80% of 460V) starting, 36 are
rated for 4l4v (90% of 460V) starting only, and 14 are still being
investigated. The 440V MOV's are being investigated for starting
capability at or below 368V. The 6V difference between their present

rating and the re-rating value is fairly negligible.

Along with providing rerating values, the MOV vendor also recommended we
contact the valve manufacturer to ensure the valve torque requirements on
which the MOV vendor based his reratings are indeed the valve torque
requirements as defined by the valve manufacturer. We are in the process

of making this confirmation. Our present schedule estimates 3 months

until the valve manufacturer's review is completed.
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The acceptability of our voltage profile results is based on rerating the
MOV's to 368V starting. Review of the voltage profile results indicates
that MOV's rated for 368V starting will probably start before and
definitely no later than 5 seconds after the initial accident for all
conditions with the exception of job 2299 which analyzes the loss of an
autotransformer and simultaneous 2 unit loading on the RSST's at the
instant CLS occurs. The MOV's which cannot be sufficiently rerated will

be replaced with MOV's rated at 368V voltage starting.

We are presently field verifying the overload heater settings for these
MOV's to ensure the heaters will noﬁ,operate under these conditions.
Overload heaters which do not allow adequate MOV starting time will be
modified or replaced. Investigations to date indicate acceptable results

(i.e. the overload heaters do not operate during MOV starting).

Prior to wholesale replacement of MOV's rated above 368V starting, we have
several alternatiQes to investigate in an effort to minimize MOV
replacement. The first alternative is to analyze the specific voltage
drops to each MOV rather than using worst case voltage drops. In less
than worst case conditions, a rating higher than 368V may be sufficient.
The second alternative is to compare the torque required by the MOV in its
worst case operating condition versus the torque value on which the valve
manufacturer is basing his analysis. The procurement document may have
specified that several MOV's have the same capabilities although they may

be operating under different conditions.
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The scope of this modification is presently undetermined. The rerating
. may require installation of new torque switch limiter plates to ensure the
units will "torque out™ at the maximum operating output of the unit. We
are pursuing this investigation with the MOV manufacturer. The MOV's on
which the MOV vendor has not yet provided a rerating capability present an
unknown scope. Additionally, the reply from the valve manufacturer will

affect the scope of. this modification.

It should be noted that the-ability to rerate an MOV to 368V starting is
based on the torque- developed at that voltage versus the torque
requirements of the valve. The MOV manufacturer has certified, based on
his record of valve torque requirements, that the existing MOV's which may
be rerated are capable of starting at 368V. This certification provides
documentation that the MOV's are presently starting at 368V. The torque
. lin{iter plate modification is simply to provide better protection of the

MOvV.

VIi. COMPUTER MODEL VERIFICATION

To verify 6ur camputer model and to ensure that our voltage analysis
results are valid, we performed a voltage profile test, in which Unit 1
station service loads were fed from RSST's. System voltages, RSST load.
tap changer (LTC) positions, and 4.16 KV (emergency and normal) and 480
volt (emergeﬁcy) bus voltages and currents were recorded. The system

~ voltages, RSST's LTC positions, and the bus current values were input into
the computer model to calculate bus voltages. Appendix M contains

tabulations of the recorded and calculated values.
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Review of 4KV buses 1A, 1B, 1C, 1H, 2H, and 2J, and of 480V buses 1Hl and
1J1 indicates acceptable model results with errors in the conservative
direction when compared with values measured during the test.

Review of 4KV bus 1J indicates a low 4KV bus voltage and an error in the
non~conservative direction. However, the measured value is in error. The
following tabulation’lists voltages read from voltmeters at the time of

the test to compare with the measured values:

4KV Bus Measured Voltmeter Reading % Errorxr
1a 4135 4320 4.5
1B 4330 4280 ' 1.2
1c 4245 4250 : 0.1
1H 4205 4280 1.8
1J 3855 4320 12.1
2H 4285 4250 0.8
2J 4245 4300 1.3

The voltmeter readings agree very closely with the measurea values in all
cases but 1lJ. Buses 1A and lJvare fed from the same RSST and Bus 1J is
the more lightly loaded of the two. The measured voltages should be
closer than indicated. Based on this and the 4KV voltage calculated based
oﬁ 480V bus 1J1 measured voltage (addressed later), the 4K bus 1J measured
value 1s in error and should be ignored. The.computer calculated voltage

is conservative when compared to the voltmeter reading.
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Review of 480V bus 1lH indicates a.mudh highgr measu;ed 480V bus voltage
. (555V) than predicted by the model. Based on the 4205V measured on 4KV
bus 1H and the existing 4.16/.48KV transformer tap (4260V), the maximum
voltage on 480V gus'lH would be 474V. This maximum voltage would change
to 511V by retapping the transformer to provide the maximum voltage boost
(tap 3950V). The 480V bus 1HL measured voltage of 495V is close to the
maximum Qoltage calculated (485V) based oﬁ existing transformer taps and
4205V on bus 1H. Based on this analysis, the 480V on bus 1lH measured
voltage is incorrect. The voltage predicted in the model (450V) is a

conservative estimate of the ‘actual voltage for 480V bus 1lH.

Review of 480V bus 1J indicates a higher measured voltage (530V) than
predicted (457V). To achieve 530V based on the existing transformer tap
(4260V);.the minimum voltage required on 4KV bus 1J is 4704V; Changing

. the tap to its maximum boost position (3950V) would reduce this minimum
requirement to 4361V. Both these values exceed the voltmeter reading
(4320V). The 490V measured on 480V bus 1J1 requires a minimum of 4247V on
4KV bus 1J, further substaﬁtiating the.errors iﬁ measurement of 4K_bus 13
and 480V bus 1J. The computer calculated voltage for 480V bus 1J is a

N

conservative estimate of the actual voltage.

" The maximum and minimum voltages indicated abové are based on unloaded,

lossless transformers.

These results justify the use of our computer model in predicting voltages

during worst case analysis.
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VIII. REVIEW FOR SIMULTANEOUS OR CONSEQUENTIAL LOSS OF OFFSITE POWER SOURCES

We have reviewed our electrical distribution system to determine its
compliance with GDC-17 and whether or not any events or conditions exist
which could result in the simultaneous or consequentiél loss of both
requi;ed circuits to the offsite network. With the exception of a few
minor modifications, the design of our offsite power supply is in full
compliance with GDC-17. The modifications are required to comply with the
requirement concerning the simultaneous or consequential loss of both

offsite sources. These modifications are addressed below.

The first modification concerns the 34.5KV tie breaker between the two
34.5KV buses which supply the redundant offsite power supplies. This tie
breaker would normally be open and only automatically-closes upon the loss
of supply power to either 34.5KV bus when both 34.5KV feeder breakers from
the 230/36.5 KV transformer are in manual operation only. To eliminate
ahy possibility of simultaneous loss of both offsite sources due to tie
breaker failure, we will incorporaté operating procedures to leave both
34.5KV disconnects open (one disconnect is installed on each side of the

breaker).

This principle ﬁill also be applied when the 230/36.5 KV transformer is
supplying a 34.5 KV bus. The normally closed 34.5KV disconnects on either
side of the open breaker, which could supply the other 34.5KV bus from the

230/36.5 KV transformer, will be opened.
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The third modification concerns routing of RSST control cables from the
. 500/230/34.5 KV switchyard to the turbine building. Our review indicates
that although the control cables for RSST's A and B are routed separately
from the control cables for RSST C, several areas of cable trough exist
where the occurrence of a fire could possibly cause the loss of all three
RSST's. We are presently reviewing methods by which we will remové this
possibility. Modifications will be completed in a schedule consistant

with the other identified modifications.

IX. TECHNICAL SPECIFICATIONS

Based on the results of our GDC-17 analysis, there are no Technical

Specification revisions required.

Technical Specifications will be submitted to address the losgs of

. -voltage/degraded voltage protective scheme.

X. SUMMARY OF MODIFICATIONS

A. Operating Restrictions
1. The existing load shedding scheme, which automatically occurs on
two unit loading to the RSST's, will be normally enabled when 1)

one unit is on line and the other unit is in start-up, 2) both

units are on line, and 3) both units are in start-up.
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2.
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Adherence to the transmission system voltage regulation action

plane.

The following operating restrictions are required until the
underground portion of the 4 KV cable between the RSST's and the
transfer buses is replaced. The restrictions are required to
ensure the 4 KV transfer bus switchgear and 4 KV cables_feeding
the transfer buses from the RSST's do not endure overloads
longer than industry standards will allowe. The transfer buses
ar; each rated for continuous operation at 3000 amps. The 4 KV
feeder cables from RSST's A and C are each rated for continuous
operation at 1684 amps. The 4 KV cables from RSST B are rated
forHContinuous operation at 1624 amps. These cable ratings are
for worst case (summer) conditions. The following operating

procedures shall be followed to minimize the reduction in

- expected equipment life due to overload. The procedures are:

a. Single Unit loading on the RSST's
i. Start-up .
a. Those loads which are shed as a part of the

existing load shed scheme should not be

running during start-up.



b. The operators must monitor the loading on
. e_ach RSST and maintain loading below the

‘continuous ratings noted above. The
operator has a number of redundant pumps
(e.g., charging, component cooling and
bearing cooling) which he should arrange to
minimize RSST loads. Additionally, 480V
transformer loading may be aéjusted.
Start-ups with one condensate pump may be
required. The amounﬁ of loading restriction
required will depend on how much loadv

current the operating pumps are drawing.
ii. Unit Trip
ae Within one hour after a unit trips, RSST
loading must be reduced as indicated in
"Start~up", discussed above.
b. Two Unit loading on the RSST's
i. One Unit in Start-up - One Unit Tripped
ae. After the second unit transfers to the

RSST's, loading must be reduced to at least

3000 amps on each RSST within 30 minutes.
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be. Within 60 minutes after the second unit
transfers to the RSST's, RSST loading must
be reduced to the 1684A and 1624A ratings

previously specified.
ii. Two Unit Trip

Qe The restrictions identified for the one unit
start-up, one unit trip condition apply to

this case.

Ce. For instances in which any RSST loading exceeds the
applicable 90°C rating of its 4 KV feeder cable, the
amount of load current and its duration éhall be
recorded. A cumulative total will be kept for

comparison with the allowablé overload times.

The restrictions for unit trips apply for nonaccident and

accident cbnditions.

The guidelines expressed in these restrictions are applicable
for use with the 2000 amp rating of the cable during the
winter. The operator will use 2000 amps as the maximum

allowable load rather than 1624 amps and 1684 amps.

Disconnects on both sides of the 34.5KV bus tie breaker will be

normally open.




C.

D.

5. With regard to the two 34.5 KV breakers supplying the two 34.5
KXV buses from the 230/36.5 KV transformer, disconnects on both
sides of the open 34.5 KV breaker will be opened after the other
34.5 KV breaker is closed.

MOV Re-Rate and Replacement

1. Rerate all MOV's with the capability to be rerated to 368V
starting. This may require installation of new torque limiter
plates on these MOV's.

2. Replace all other MOV's with MOV's rated for 368V starting.

Automatic Tripping of the 34.5 KV Reactor Banks

1. All 34.5 KV reactor banks will be tripped, following an SI or
CLS on either unit, when a unit's normal buses load to the
RSST's.

Instantaneous LTC Voltage Correction

1. The RSST LTC voltage correction mechanism will be given a signal

to provide instantaneous voltage correction upon the occurrence
of an SI or CLS on either unit. This signal will last for

approximately 3 minutes.
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F.
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2.

The LTC voltage correction mechanism will be given a signal to
provide instantaneous voltage correction when a unit transfers
to the RSST's during an SI or CLS. This signal will last for

approximately 1 minute.

Blocking Automatic Starting of Large Non 1lE Motors

1.

Block condensate, high pressure heater drain, bearing cooling,
and component cooling pumps from automatic starting for

approximately 60 seconds after an SI or CLS occurse

4KV Cable Replacement

The existing underground portion of the 4KV cable from the

RSST's to the transfer buses will be removed from service.

The exact cable reglacement modification has not yet been
determined. Most probably, 4KV overhead bus will be installed
from the RSST's to the turbine building wall. From that point,
feeders will go either directly to the transfer buses, or split
and separately supply the transfer buses and the Unit 2 station
service buses, or split and separately supply each station
service bus and transfer bus. The emergency buses will céntinue

to be supplied from the transfer buses.




Ge Increase Cooling Capacity of RSST's

1. Add 2 radiators with fans to each RSST to increase their 55°C

rise ratings to 30 MVA per transformer.
H. Replacement of Control Transformers
l. Control transformers (480V/120V), which have impedance
characteristics such that they provide unacceptable wvoltages to
ihe MOV contactor coils, will be replaced.
I. Re~-tap emergéncy 4Kv/480V transformers to the 4056 tap.

". . Je Modification of lRSST control cable routing.

_Ke Possible modification or replacement of MOV overload heaters,

depending on the outcome of field verification.
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This appendix is for our transmission system voltage regulation action

plan which will be submitted by July 1. 1982.
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QUIH&ENT

1. 500/230/36.5 KV Autotransformers

2. 230/36.5 KV rransformer

3, 34.4/4:.16 KV RSST's

4. 4.16/.48KV Emergency Bus
Load Center Transformers

4-2000 M4 Al. Cable‘s/Phase

5.
RSST's taQ Transfer Buses

2-3/C 750 MCM Al. cables/Fhase
pransfer Buses to Emergency

Buses

6.
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EQUIRMENT LOADING ANALYSIS TABULATION

EQUIPMENT RATINC:}

450/360/90 MVA .
Tertiary rated at
1424 Amps at 36.5 KV

112 MVA
1772 Amps at Neutral Position

1610 Amps at Maximum Boost

24 MVA
3336 Amps at Neutral Position

2967 Amps at Maximum Boost

30 MVA
4170 Amps at Neutral Position

3709 Rmps at Maximum Boost

1333 KVA
1603 Amps at 480V

Summer
1684 Amps at 90°C
2008 Amps at 130°C

Winter
2000 Amps at 90°C

946 Amps

MAXIMUM LOAD PERCENTAGE
PRIOR TO * OF EQUIPMENT

MODIFICATIONS RATING
1424 AmpSs 100%

1610 Amps 100%
3487a at 4.16KV 118%
1698 Amps at 426V 106%

3487 Amps at 4.16KV 207%

174%

51%

478 Amps at 4,16KV

MAXIMUM LORD PERCENTAGE
AFTER OF EQUIPMENT
MODIFICATIONS RATING
1424 Amps 100%
1610 Amps 100%
1487 A at 4.16KV 94%
106%

1698 Amps at 426V

Modification not finalized at this
point; however. 4 KV feeder ampacity

will be such that worst case 2-unit

loading will be within its
capability-

478 Amps at 4.16KV 51%
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EQUIPMENT LOADING ANALYSIS TABULATION (Con't. )

MAXIMUM LOAD ' PERCENTAGE
PRIOR TO OF  EQUIPMENT
EQUIPMENT EQUIPMENT RATING MODIFICATIONS RATING
7. 4-KV Emergency Bus Feeder 1200 Amps 4782 at 4.16KV 40%
Breakers
8. 4~-KvV Transfer Bus Feeder Breakers 3000 Amps 3487 Amps at 4.16KV 116%
Notes: -

1. Voltages expressed are based on conservative approximations of worst case steady state voltages (i.e.,
to 4317V). .

the existing load shedding scheme.

2. The maximum load is based on proper operation of
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MAXTMUM LOAD
AFTER
MODIFTCATIONS

478R at 4.16KV

3000 A

PERCENTAGE
OF EQUIPMENT
RATING

40%

100%

the LTC is not able to fully correct
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MINIMUM REQUIRED BUS VOLTAGES FOR CLASS 1lE LOADS

Bus Minimum Voltage Required At Bus
Starting Running
Nominal
Voltage Bus Volts % of Nominal Volts % of Nominal
4160 1H _ 2812 67.6 3607 86.7
ig 2816 67.7 © 3611 86.8
2H 2816 67.7 3611 86.8
23 2820 67.8 3611 86.8
480 1H 344 71.6 419 87.3
(Load's fed 1H1 * * * *
directly from 1J 353 73.6 418 87.1
load center) 1J1 * * Tk *
2H 346 72.0 422 88.0
2Hl * * * *
2J 353 73.5 419 87.3
2J1 * * * *
480 1H * * * *
(Loads fed 1H1 384 80.0 434 90.4
from MCC's) 10 * * * ' *
171 383 79.8 428 89.2 ‘
2H * * * * ‘
2H1 321 8l.4 432 90.0
2J * * % *
271 394 82.1 432 89.9
Notes: ‘

1. Starting voltage requirements are based on those loads which start immediately
with SI or CLS signals.

2. MCC loads' starting requirements are based on MOV's starting with a minimum of
368V (80% of 460V).

\
|
3. % jndicates no loads of the specified type (e.g., fed from MCC's) are fed

from the bus indicated. ‘
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ﬁesﬂngﬁuuser . WaterReactos
Hoettric Corporarion Divisions

Pmmlﬁhpﬂ'ﬂﬁrln PRV ]

November 20, 1980

o . B. Steuart
“Yirginia Electric and Power Company
P. 0. Box 26666
Richmond, YA 23261

Dear Hr. Stewart:

VIRGINIA ELECTRIC AND POMER COMPANY
SURRY & HORTH ANNA POWER STATION

LHSI Flow lnterruption

On the Surry and North Anna pladts, Hest1nghouse was ashed by VEPCo to
determine the effect on the plant safety anatyses of a short duration
delay {2.0 or 4.2 seconds respectively) in safety injectfon flow following
a blackout. A related issue was evaiuated extensivel by the NRC during
. 1976 and was documented in NUREG-0138 (issue Humber 4 A]thouqh the main
emphasis in the NRC position stated in NUREG-0138 related to loss of power
following reset of safety injection, the NRC made the following statement:

*Analyses in the Reactor Safety Study, WASH-1400, indicated the
Ykelihood of a LOCA to be about one chance in 1000, per reactor
year. The probability of the loss of offsite power §n a ene-hour.
period following a LOCA would be about one chance in 50,000.

The comb1ned probability of this sequence of cvents is very lYow.

Routine ECCS evaluations by the staff have not requared con-
sideration of interruption of flow to the core because the

- fundamental desfgn basts for mitigating the consequences of a
LOCA has been that a single failure or single operator error

should not cause a loss of ELCS function., The staff had identified
no such failure and, therefore, analyses of {anterruptions of core
flow during 3 LOCA were not considered to be warranted.™ :

Based on the above evaluatfon, safety analyses have not been vequired to

incorporate flow interruptians due to loss of power. However, Westinghouse

has evaluated the effect of flow interruptions occurring during the time

frame that LOCA peak clad temperatures are calculated (i.e. prior ta safety

injection reset). A typical flow interruption, resulting from loss of

of fsite power, with a time duration of approximately 15 seconds, including
— . sequencing of safeguards loads has been \nvestlgated The effect of this



.-.short duration flow interruption s more than offset by perfornlng the
‘- safety analyses with consistent assumptions, e.g. RCP running during the
- - blowdowm phase of a LOCA. A sensitivity study has been submitted to the
- WRC (attached letter NS-THA-1928 fram T. M. Anderson of Kestinghouse to

T. H. Hovak of HRC dated September, 1978) which qualifies the reductfon

.. in peak clad temperature with uffsite power available, This reduction more
- than offsets a tes:perature mcrease due t.o & safety injection flow intervuption.

The addition of the 2.0 (or 4 2) second delay to the other delays that will
occur due to sequential loading of the safeguards equipment onto the diesel
generators for Surry and Horth Anna falls within the 15 second envelope
described above. Therefore, Hastinghouse concludes that the jmpact of the
additional delay will not invalidate the resuits of the Surry and Horth. Anna
safety analyses. Based on the above discussion, Hestinghouse does not believe

_ - that it 1s appropriated to perform plant spacific analyses, nor would it be

productive to speculate on maximum time allowable to meet safety crfter‘la
without performing significant safety analyses.

Hould you please send me a copy of any correspondence you send to or recefve
from the MRC on this subject. . , .

:. Very truly yours,

A %4

o Richard R. Kent
[rec - - L Project Engineer

B.Stmvart 1.1  ° I
cc: G. Smith (VEPCo) 'll. IA

R. Berryman (VEPCo) 1L, 1A

d. Davis (VEPCo) L, 1A

F. Malker (S&¥) 1L, 1A
W. R. Cartwright (YEPCo-North Anna) 1, 1A

© Js Wilson (VEPCo-Surry) 'H., ‘IA
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o Septesber 6, 1978

B k' m H. m’VIk . .

. U S. fluclear Regulatory m::issfon o o

. Phillips Building L sy

- 7920 Rorfolk Avenue , T
kﬂ:sda..ﬁaw]and

Dear Hr. Rovak. _ .

. =Racently & questfon has bean raised by your staf’f on the assmti ons
- tade by Hestinghouse with regards to offsite power and how that is .

“fnterprated with regards to contaimment systems actuations follow- -

% {ng a LOCA. The Hastinghouse position has been that the set.of assump-

. tfons yfelding the hfghest peak clad temperature is loss-of offsite

power and reactor coclant pumps tripped. Inherent in this set of assump- -

tions 1s the fact that there {s & delay time assumed for tha start-up of

esargency diesels for on-sfte power. These are the assizmptions used in

a design Hestinghouse ECCS analysis.

" Thesa assumptions were just{fied by Westinghousa sensitivity studies
performed and presented to the staff in 1974. Unfortunately, these
studies have never been formally documented by efther Westinghouse or
the staff. Also, the staff's recollection of those studies is dif¥erent
than that of Wastinghouse. Therefore, we repsated part of that study,

Tha datails foncm.

. The plant analyzed was a typical 4-Toap, 34171 Mwt plant with a 12* core
and 17 x 17 fuel assemblies. The cases investigated were:

1. Westinghouse design case: Loss of offsite pgwer (LOP) and reactor
.mlant pumps tripped (RCP-T)

2. Consistent offsite power available case: Offsite povm- avai‘lab‘le (OPA)
and reactor coolant pumps running {(RCP-R).

3. Inconsistent case: Offsite power avaﬂab]a (OFA) and reactor coo'lant
pwzps tripped (RCP-T). .

‘The results are summarized in the attachment., They confirm that the Westing-
house design assumptions are conservative. Tbese results were reported to

L
".:"'
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(. you on the telephone during the past week. It {s our understanding that
.. the Hestinghouse des{an basis assumptions are acceptable for 21l ¥esting- .
bouse design NSSS fncluding the 414 design despite some misundarstanding

- with respsct to the wording of the NRC 1974 Status Repart on the Hesting-

hexse ECCS Evaluztion Model,
.'." < - LT . . . ' . 4. . ) .
LT - : Yery truly yours,

‘-

[ ] v e ) . v-. .
- . L . C
. : ) ‘-. . . ) -
- - . e '
. CR Py o . .

-Te M. -Anderson, Hanager
Ruclear Safety Departmant

RAH/1s
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ATTACHMENT 111
PRELIMINARY TESTING PROCEDURE
EMERGENCY BUS
DEGRADED/UNDERVOLTAGE PROTECTION SYSTEM
SURRY POWER STATION
VIRGINIA ELECTRIC AND POWER COMPANY

Two sets of three undervoltage relays are provided for each 4,160 V emergency
bus. Each of the relays is interlocked through auxiliary relays to create a
two out of three tripping logic matrix. Operation of any two of the three relays

will energize output devices which will initiate the protective action.

One set of three relays monitors phases A, B, and C potential for 90 percent or

less of nominal bus voltage.  This set operates when the voltage falls below

the 90 percent trip point and provides an annunciation of degraded voltage in the
main control room after a 10 second time delay, starts the diesel generator if the
condition continues for 50 seconds and initiates the transfer from offsite to
on-site power after 60 seconds. If a Safety Injection signal is received coincident
with a degraded voltage signal, the normal 10, 50, and 60 second time delays are
bypassed; instead, after a 7 second time delay, the diesel generator is started and

the transfer from the offsite to the on-site power source is initiated.

The relays will reset and the protective action will be stopped should the voltage
level rise above the 90 percent trip point at any time during the 60 second or

the 7 second time delay period prior to transfer to the on-site power source. The
diesel generator will be stopped manually by the operator after the degraded

voltage relays have been reset.




2
The second set of three relays monitor phases A, B, and C potential for 75
percent or less of nominal bus voltage. This set operates when the voltage
falls below the 75 percent trip point and, after a 2 second time delay,
provides an annunciation of:undervoltage in the main control room, starts the
diesel generator and initiates the transfer from the offsite to the on-site

power source.

'The relays will reset and the protective action will not be initiated if the

voltage level rises above the 75 percent trip point during the 2 second time
delay. However, the degraded voltage relays were tripped as the voltage fell
below the 90 percent trip point, and this sequence will continue until completed
or sfopped by a continued voltage rise above the 90 percent trip point within

the 60vsecond time delay period associated with this protective scheme. -

Once the transfer has been completed and the diesel generator output circuit
breaker is closed, the timiﬁg relays are reset and interlocking contacts

prevent operation of the protective scheme when the diesel generator i; supplyiqg
power to the emergency bus. The "J" emergency bus diesel genmerator circuit |
breaker is also interlocked to open if it has been closed due to a dégraded/
undervoltage condition on one uﬁit and the’other unit experiences a SI or a CLS
condition. The protective scheme will be reinstated if the diesel generator

output circuit breaker is opened for any reason while the diesel generator is

supplying power to the emergency bus.
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The degraded and undervoltage relays, auxiliary relays, time delay relays,
and associated test equipment will be mounted in a separate relay panel

located near the emergency bus switchgear.
The test equipment provided includes:

I. knife switches for each degraded/undervoltage relay to allow

testihg and calibration of the individual relays

II. "test select switch" to select the degraded or undervoltage logic

matrix and the phase relays actuating the matrix

III. "test" key-lock push button to initiate the test and provide

administrative control of the test function

IV. indicating lights to indicate operation of the degraded/undervoltage

relays
V. auxiliary relays and timers
Testing the individual relays for operation on loss of voltage can be accomplished

by opening the knife switch in the input to the relay as shown on ESK-11AA or 11AD.

Opening the knife switch removes voltage from the relay, and the relay should operate.




This can be verified by observing the status light on the relay and by the indicating
light on the door of the panel being extinguished. This testing can be performed
"while the circuit is in 6pefation, but care should be exercised to open only one
knife switch at a time. The relay operation during the test will put the logic
matrix in a one out of three condition and opening a second knife switch will
complete the two out of three condition necessary to operate the lbgié matrix and,

hence, the entire protective scheme.

The relays can be calibrated when the bus is shutdown. The relays are disconnected
by opening the knife switch in the input line to the relay, and the knife switch

in the ground line. A calibréted variable AC voltage source and voltmeter should
be conngcted across a relay and the voltage slowly varied until the relay operates.
Thg voltmeter will indicate the voltage at the poin£ of relay operation ahd, if

necessary, the relay can be adjusted to the proper dropout voltage setting.

During normal operation, the indicating lights mounted on the door of the under-
voltage relay panel will be lit. These lights are extinguished during the
testing and operation when the potential being sensed falls to the trip point

of the relay.

The degraded/undervoltage protection system can be tested for logic operation

when the reactor is in a cold shutdown condition. This procedure will describe




‘The following equipment must be available for tests and the circuit breakers racked

5
the testing of the emergency bus "1g" degraded/undervoltage system. The testing

of the emergency bus "1J" degraded/undervoltage system is similar.

to the "test" position:

Equipment Circuit Breaker

1. Emergency Generator 1 : 4 ACB 15H3

2. | Charging Pump 1A ACB 15H5

" 3. .lCharging Pump 1C (H Bus) ACB 15H6
4. Feed from Transfer Bus "F" ACB 15H8 }
5. Stub Bus - , ACB 15H9 ‘
6. Component Cooling Pump ACB 15H10 1
7. Residual Heat Removal Pump  ACB 15H11

8. Charging Pump 1B d | ACB 15J5

In order to perform this testing, the "H" bus will be supplied from the "J"

bus by closing the tie breaker ACB 15H1.

Prevent emergency diesel generator 1 from starting by lifting and taping wires

lEGSI at terminal 5; 1EGS1A at terminal 6; 1EGS2 at terminal 7; and 1EGS2A at

A terminal 8 of device "PL" located on the door of cubicle 15H3A. The diesel

generator should be started once during this testing. If several degraded and
undervoltage teéts are to be performed, the diesel generator should be started

during the last test.
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Prevent circuit breaker 15F1 from tfipping due to the operation of the bus '"1H"
degraded/undervoltage protection relaying by lifting and taping wires 15FIT at

terminal 1 and 15F1T2 at terminal 2 of device "PJ" in the dodr of cubicle 15H3A.

Prevent circuit breaker 15J5 from closing on low discharge pressure by lifting and
taping wire 15J5C at point 8 on terminal board 18 located in miscellaneous relay

rack 1F.

Prevent circuit breaker 15J5 from closing on circuit breakers 15H5 and 15H6 opening
by lifting and taping wire 15J5C3 at point 7 on device "AE" located in cubicle

15H6.
Circuit breaker 15J2 should be in the disconnected position.
The following circuit breakers should be in the closed position:

15H5
15H6
15H8
15H9
15H10

15111
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Two test switches are provided on the bus "1H" undervoltage relay panel. One,
marked "test select switch," is used to select whether the testing is to be
performed on the degraded or the undervoltage matrix and which phases are to be
tested. The second switch is a key locked push button marked “test" and is used

to initiate the test by actuating a relay when depressed.

With the test select switch in the "D B-C" position, a test of phases B and C
degraded voltage relays is designated. Turning the test select switch to the

"U B-C" position will set up a test of phases B and C undervoltage relays.

The locking push button has been provided to prevent inadvertent or unauthorized
actuation of this testing scheme. The push button should be unlocked only when

it is being used to conduct a test and should remain locked when not in use. This
push button must be held depressed during the timipé period of the auxiliary timing

relay.

The relay which is actuated when the '"test" push button is depressed will operate
to open q&ntacts which will remove voltage from the selécted degraded voltage

or undervoltage relays. With no voltage, these relays will de-energize and cause
a two out of three logic matrix to be completed. This matrix will actuate timers

_which have been set to sequence the action of the output relays.

g L Ao T e n R E TR er g = madegne e



The testing of the degraded voltage matrix will proceed in the following manner

once the "test" push button is depressed and held:

After 10 seconds at degraded voltage, a timer contact will close to

initiate an alarm in the main control room.

After 50 seconds at degraded voltage, a second timer contact will operate
to initiate the start of the diesel generator set through output relay

27X1-1H1.

After 60 seconds at degraded voltage, a third timer contact will operate
to initiate output relays 27X2-1H1 and 27X3-1H1. These output relays

will cause the following actions:

1. Trip breaker 15F1: Reserve station service transformer "C"
to transfer bus "F"
Trip breaker 15H8: Normal feed from transfer bus "F"
2. Close breaker 15H3: Emergency generator 1 - This action
will be delayed by the time set for

residual voltage decay.

3. Trip breaker 15H5: Charging pump 1A
Trip breaker 15H6: Charging pump 1C (if "1A" does not open)
Trip breaker 15H9: Stub bus
Trip breaker  15H10: Component cooling pump
Trip breaker 15H11: Residual heat removal pump

4, Close breaker l1535: Charging pump 1B
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The time delays and output actions should be verified before terminating the tests.
Operation of the contact closure to open breaker 15F1 can be verified at device
"PJ" in the door of cubicle 15H3A by measﬁring resistance between terminals 1 and 2.

A low resitance will indicate that the contact has closed.

The circuit breakers can be reset to their initial positioms, and the test can be
repeated to verify the operation of the remaining portions of the degraded voltage

logic matrix.

The undervoltage logic matrix can be tested in the same manner as described above.

The output relays will be energized after a R second time delay.

A simultaneous safety injection signal can be simulated by installing a jumper
between terminal points 8 and 9 on terminal block "TB" in the bus 1H undervoltage
relay panel. The output relays should operate after a "7 second time delay for

this test.

At the conclusion of the testing, the test select switch should be rotated to the
"off" position, and the "test" push button should be locked. All other equipment

should be returned to the normal position.
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VOLTAGE BUS

4KV 1H -
480V 1H
480V 1H1

brc/1337/56

LOAD

Emergency Diesel Generator 1
Emergency Diesel Generator 1 Breaker
Steam Generator Ruxiliary Feedwater

Pump
Charging Pump

Stub Bus Tie Breaker
Component Cooling Pump
Residual Heat Removal Pump
Emergency Bus Feeder Breaker

Pressurizer Heaters

Low Head Safety Injection Pump
Inside Recirculation Spray Pump
outside Recirculation Spray Pump
Containment Spray Pump
Containment Recirculation Fan

Filter Exhaust Fan 8

1.0SS OF
OFFSITE POWER(LOOP)4

SI CLS
NO CHANGE NO CHANGE NO CHANGE
START TRIP OF STATE START TRIP OF STATE START TRIP OF STATE
X X X
X b'¢ b4
50" 50" x7
X X Bus 133 X
LOOP
. X X
D 4 X X
X X X
X X X
b'e X X
X X X
X 120" X
b'¢ 300" X
X X X
b 4 X X
X or X or X
Unit 2 SI Unit 2 CLS

1
b
t
.
3
i
1
:




LOSS OF

ST c1s OFFSITE POWER(LOOP)4
NO CHANGE NO CHANGE NO CHANGE
VOLTAGE BUS. LOAD START TRIP OF STATE START TRIP OF STATE START TRIP OF STATE
Kv 1T Emergency Diesel Generator 3 X X X
Emergency Diesel Generator 3 Breaker Unit 22 X Unit 22 x X
Steam Generator Auxiliary Feedwater SI CLS
Pump 50" 50" x7
Charging Pump » X X ' Bus 1H3 X
, .
LOOP
Stub Bus Tie Breaker X X X
Component Cooling Pump X . X X
Residual Heat Removal Pump X X X
Emergency Bus Feeder Breaker X X X
480V 13 Pressurizer Heaters X X X
Low Head Safety Injection Pump X X X
Inside Recirculation Spray Pump X 120" X
Cutside Recirculation Spray Pump X . 300" X
Containment Spray Pump X X X
Containment Recirculation Fan X X X
480V " 1J1 - Filter Exhaust Fan 8, 9 X or X or X
. Unit 2 SI ) Unit 2 CLS
NOTES:
l. X's indicate immediate action caused by condition on same unit. A

"Unit 2" indicates action caused by condition on opposite unit.

2.

3. "Bus 1H" or "Bus 1lJ" indicate action caused by a condition on an opposite emergency bus of the same unit.

4. loss of Offsite Power is defined as loss of voltage or degraded voltage of sufficlent duration to cause separation of an
emergency bus from its offiste source due to operation of the undervoltage protection.

5. Those pumps receiving SI starts will be automatically started for CLS conditions also, and are indicated as starting for CLS

) conditions.
6. Delayed action is indicated by the time in seconds (e.g. 120" indicates 120 seconds delay from the occurence of a CLS until the
" inside recirculation spray pump receives a start signal).

7. For loss of offsite power concurrent with either an SI or CLS, the instantaneous auxiliary feedwater pump loop start is defeated
and starting occurs at S50 seconds after the accident.

8. Starting of this fan is somewhat delayed because it is based on a pressure change which is caused by SI signals-'

9. Provides normally open alternate feed to Unit 2 supplied filter exhaust fan.

brc/1337/57

.




APPENDIX I



VCALLULATIVN ontkkt 37070/ CALCULATION NO. (REVIBTOR [ PAWE
w5001 /2S23.09 - & | 77 33
PREPARER/DATE REVIEWER /CHNECKER /DATE INDEPENDENT REVIEVEI/DAT!
SUBJECT/ TITLE QA CATEGORY/ CODE CLASS )
CONFIRMATOR)Y ANALYS/S L
o)
SvmmARY JOB 1663

ﬂESC‘.'/?/ P Tro/

OMIT 1= /00%  SOwWER 3 W0 LogD SHED
V1T 2 - TRIF wiTH CcS

_IH | 2H 2J

Ruy 107 8
4/60V 0.930 0.995  0.929 0,930
( CONDENSATE ﬂamRS) 4% vV o.95 0.960 o.870 0.876
STARTING AHFTER Qe v-) ©.997 0.979 0,90% 0.93/
L7C CoffecTioN -

28 2c
dd 0.917  0.92%
‘ |H 19 2H e J-
Rov 107 C |
TNy, /.029 /.022 lLoz/
CON DENSRTE pum,o5> . S0 ©,999 0.999 0,92 0.977
RN 10y 6 Iev —1 0.996 /,0/6 /007 /026
28 2¢
4/60V ko222 lLoz2o




WVt Q@ TTLUWwI LN LDITGIIL LT VN wnni s

CA LCULATION SHEET . MOTrenGr/CALCULATION NO. IVEVIOION PAGE
4501081 /3930.0Q’ s /5/735
PREPARER/DATE lEVl»E'ER/GHECKEI /DATE INDEPENDENT REVIEWER/DATEY
N SUBJECT/ TITLE QA CATEGORY /6O0BE—CLASSE
o i' \ CoNFIRMA TORY ANALYS/S
~JoB 2210

SUMMARY

DEScRIPTIoN
I UNIT TRIP FRomi Joo o5 FowER

UNIT | = TRip wiTH CLs
UNIT &~ 100% FoweR 34’0 LoAD SHED

) IH I 2H 2J_

RUN é3) Z=0 se¢C

_ qieoy 0915 - 0.6 0.9/8 0. 715
ALL M6TORS smema) 4g0v  0.761  ©.757 0.975 0.872
F/RED THP 4v-1] 0.996 0.853 0.883 0.893

‘gl ) _RUN £32 T=Ssec | .
. ' : diov 0,992 0.933 0.928 0,992
\ Mmovs S7RTING 490V  0.925 0.919 0. 986 0.902
FIXE) THP 4 v-| 0.884 0©0.905 0©0.994 0.922
LARGCE moToRS @ SPEED
RUA¥ c30 = o0 .
. e e qi60V. /025 1020 1,026 iy
STEADY STHTE QB v 0.97% 09%3 ©.959¢ 0.992
AFTER <¢TC€ comfLETES q4V-| 1005 , 1oiIZ 1,00/ 1071
MOVESENT S




APPENDIX J




CALCULATION SHEET

P 4 45010.61

' STONL & WEBSTER ENGINEERING CORPORATION

Morrwvdr/ CALCULATION NO.

13930,04~ 5

REVISION

PASE

20733

PREPARER/DATE

REVIEWER /CHECKER /DATE

INDEPE

NDENT REVIEWER /DATE /7 -

SUBJECT/ TITLE

-~

CoNFIRMA TORY ANALYSIS

QA CATEGORY /GODE-CE®ES

SUMMARY

DEscRV\PTiown

Fr/RED TRP

RUN 61) Z=0 sec

ALL M6ToRS STHRTIN

R ¢ 16 #=5sec

MIVs STARTING
FIXEP THP

RN 600 A= oo

( STERDY STHTE

LARGE /oTORS @ SFE

@
HAFTER ¢&TC€ comfLETES W V- 10002
MOVEMENT ,

JoB 34'18

2 UNIT- TRIP FRom Joo2s PowER
ONIT | = TRIP Wrirrr N CLS
UNIT @ - TRIP wiTH C¢S

IH 1T 2H 2T
4oy 0.391 B 0.868 .88/ 0. 870
43ov 0,89/ 0.870 0.706  0.794
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. CoNCLYSIoNS |
BUS FMEASURE D CALCULATED 4 DIFF
4KV -B8US 1A 135V 4106 V 0.7 %
4KV -BUS |8 330V 0/9 V 218 2%
4 KYV-Bus iC 245y 064 V 4,26 %%
4Kkv- BUSIH Pos V 064 Vv 3.% %
4 Ky - BUS 1T 3855 V (1) 4106 V 6.51%
4KV- BUS 24 4285V 4014 V 6.32%,
4Kxy- Bus2yg 424¢ v 4064 V 426 %
480V - Bus|H = 5SSV 450 vV 18.925% @)
Rov- BUsit/ 455 v 464 Y ¢ .26%%
goy- BUSIT ~ &S30V 457V 13,7756 @) |
Bov— 8uUSIT] 490V 469 V 4:29%%
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% MERSURED , X ﬁ
NoTE €1 | ‘ I
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WPYT wAS USED [FoR moDEL ' |
i‘
| x FRoM GENEAIL ELECTRIC STUPY (ce& ArricknenT BN






