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" January 25, 1982

EDGs. In addition, digital instrumentation will be instalied to more
accurately assess conformance with RGC 1.9. FPC again noted that although it
had committed to pursue conformance to the criteria of RG 1.9 as a goal and
believed 1t was proceeding toward that yoal, it had not specifically committed
to conform to those criteria,

flectrical Calculation Enhancement Proyvam
As covered in Enclosure 2, FPC updated 'the status of this effort,

Intermediate Building Steam Line Break

The licensee described the problem of a particular 6" steam line break not
being bound, as previously assumed, by the large steam 1ine break. Interim
corrective actions until the end of Refuel 8 had previously been approved by
the NRC. FPC also discussed its ap?roaches to a permanent fix (see
Enclosure 2) and noted that a formal submittal to NRC would be made,

I8/

Harley Silver, Sr. Project Manager
Project Directorate 11-2

Division of Reactor Projects - 1/11
Office of Nuclear Reactor Regulation

Enclosures:
1. Meeting Attendance Lict
2. Meeting Handouts

cc w/enclosures:
See next page

See next pcg&
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AGENDA

FPC - NRC MEETING
Decemoer 4, 1991

Cable Separation Criteria

Original Criteria

Criteria Enhancement

New Separation Criteria Tables
Sumumary of Walkdown Findings

Follow-up Activities 10 Correct Discrepancies

Root Cause of Discrepancies
Discussion

Emergency Diesel Generator Performance

Governor and Voltage Regulator Adjustments

Timer Replacement
Surveillance Testing
Load Test
Block Loading Test
Voltage Regulation
Freonency Regulation
Time, Performance
Significance of Results

Discussion

Electrical Calculation Enhancement Program
Status Update
Discussion

Intermediate Building Steam Line Break

HELB Criteria History
Equipment Qualification Problems
Resolution Alternatives Considered
Break Size Change
Discussion

Auendees: P. R, Tanguay D. W. Peltola
G. H. Halnon M. U, Rahman
S M. Jaisen P. M. Rubio

-

D A
A E.

Shook
Friend

P. M. Rubio

All

G. H. Halnon

All

D. A. Shouk
All

C. B. Doyel

D. W, Pelio'a

All



¢  NRC MAINTENANCE TEAM INSPECTION
JANUARY 14 THRU MARCH 1, 19891

, FINDINGS
©  CABLES OUT OF CABLE TRAY.
©  CABLES CROSSING DIVISION BOUNDARIES.

©  FLOOR PENETRATIONS SEPARATION
PROBLEMS.

© 6 INCH FREE AIR SEPARATION PROBLEMS.
©  MISSING CASLE TRAY COVERS.

© TIE WRAPPING OF REDUNDANT DIVISION
CONDUCTORS IN MAIN CONTROL BOARD.

©  EXCESSIVE COILED LENGTH OF CAULES
TIE-WRAPPED OUTSIDE OF TRAYS.

» VIOLATION

| ©  SEVERITY LEVEL IV VIOLATION ISSUED
| PER NRC LETTER DATED 4/11,/91.

e T s T e R N raE gt el L



¢ CR3 SEPARATION CRITERIA

’ CRITERIA WAS DIVIDED INTO EXTERNAL AND
INTERNAL CRITERIA

©  EXTERNAL IS THE CRITERIA APPLIED TO
CONDUITS, CABLE TRAYS, AND CABLES
QUTSIDE OF CONTROL PANELS AND CABINETS.

©  INTERNAL 1S THE CRITERIA APPLIED INSIDE
MAIN CONTRCL BOARDS, CONTROL PANELS
AND CABINETS.



ORIGINAL CONSTRUCTION

EXTERNAL CRITERIA FOUND IN:

1971 - "CRITERIA RELATING TO
ELECTRICAL CIRCUIT PHYSICAL SEPARATION
AND CABLE TRAY LOADING"

FSAR SECTION 82212

REQUIREMENTS

ADDZ8SES SEPARATION BETWEEN
RELL:LCANT SAFEGUARDS CHANNELS AND
TRAINS FOR CONDUITS, TRAYS AND
CABLES.

ADDRESSES SEPARATIONS BETWEEN A
SAFEGUARD CHANNEL POWER, CONTROL
AND INSTRUMENT CABLE TRAY.

DID NOT ADULRESS SPECIFIC SEPARATION
BETWEEN 1E AND NON-1E CONDUIT
CABLES AND TRAYS.

USES CONDUIT AS A BARRIER BUT DID
NOT ALCDRESS DISTANCES BETWEEN
CONDUIT IN 1E AND NON-1E APPLICATION.



ORIGINAL CONSTRUCTION

0 INTERNAL CRITERIA FOUND IN:

1972 "CONTROL BOARD AND RELAY RACK
ENGINEERED SAFEGUARDS SEPARATION
CRITERIA REPORT."

©  CRITERIA LATER EVOLVED INTO THE
FOLLOWING DOCUMENTS (CRITERIA IS THE
SAME IN ALL DOCUMENTS).

©  REQUIREMENTS

19689 - CR3-E247-A "ELECTRICAL
SEPARATION CRITERIA FOR CLASS 1E
CONTROL BROARDS, EJUIPMENT CABINETS,
AND RELAY RACKS.'"

181 - E91-0001 CALCULATION ISSUED
WITH SAME TITLE AS ABOVE.

%

ADDRESSES SEPARATION BETWEEN ¢
REDUNDANT AND ASSOCIATED

SAFEGUARDS CHANNELS AND TRAINS FOR
CABLES, WIRING AND COMPONENTS

INSIDE MAIN CONTROL BOARDS, CONTROL
PANELS, AND CABINETS.

ADDRESSES ELECTRICAL ISOLATION
METHODS TO MAINTAIN INDEPENDENCE
OF REDUNDANT CIRCUITS.

INTERNAL PANEL CRITERIA REQUIRED SIX
INCHES SEPARATION BETWEEN CLASS 1E
CIRCUITS.



CORRECTIVE ACTIONS
. WALKDOWN OF ELECTRICAL INSTALLATIONS
©  ASSESS EXTENT OF PROBLEM

©  GATHER DATA FOR ROOT CAUSE
DETERMINATION

©  ASSESS POTENTIAL CORRECTIVE ACTIONS

’ CORRECT EXAMPLES IDENTIFIED DURING THE
MAINTENANCE INSPECTION




¢  RESULT OF WALKDOWNS
*  WALKDOWNS PERFORMED TWICE

©  CONTRACTOR/FPC (#1500 POTENTIAL
DISCREPANCIES)

©  GILBERT/COMMONWEALTH (CONFIRMED 1502
POTENTIAL DISCREPANCIES)

©  SUMMARY OF DISCREPANCIES
CAELE TO CABLE SEPARATION

WIRE TO WIRE SEPARATION BE iwEEN
Bl e B

CONDUIT TO
COMPONENT/CABLE /WIRE /TRAY

CABLE TRAY COVERS
CABLE/WIRE TIE-WRAPPED TO CONDUITS
DOCUMENTATION ONLY CHANGES

35 CASES REQUIRE ADDITIONAL FIELD
INFORMATION



¢ ENHANCED CR3 SEPARATION CRITERIA

.

OBTAINED OTHER UTILITY INFORMATION AND
INDUSTRY TEST REPORTS

© 1987 |IEEE TRANSACTIONS REPORT ON CABLE
TESTING

© 1890 |EEE TRANSACTION REPORT ON CABLE
SEPARATION TESTING PROGRAM

©  INVESTIGATION OF FIRE WRAPS

MODIFIED CRITERIA BASED UPON NEW
INFORMATION

©  ADDRESSES CONDUIT TO CONDUIT SEPARATION

©  ADDRESSES CONDUIT TO TRAY/CABLE
SEPARATION

©  ADDRESSES CABLE TO CABLE/TRAY
SEPARATION

©  ADDRESSES 1E TO NON-1E SEPARATION

© ADDRESSES THE USE OF FIRE WRAPPING TO
OBTAIN SEPARATION COMPLIANCE

INTERNAL AND EXTERNAL DOCUMENTS WERE
COMBINED TO FORM A NEW DOCUMENT WHICH
HAS BEEN COMPLETED AND ISSUED

© THIS DOCUMENT WAS USED TO DISPOSITION
DISCREPANCIES IDENTIFIED DURING WALKDOWN



1E EXTERNAL RACEWAYS AND WIRING

REDUNDANT RACEWAYS SEPARATION CRITERIA FOR

NOTES:

LV Power Circuits with
LV Power Cirrcuils with Cabie Saze >500
Edge to Low Energy Cable Sze <500 MCM MCM and Al Medium
Voltage Power Crcuts
Hazardous Hazard Hazardous | Hazard
U inches 0 inches Note ™ Note ™
C inches 0 mches Note Note ©
1 inch 1 nch 1 inch 1 nch
1 inch 1 nch 1 nch 1 nch
1 inch 6 inches 1 inch 3 teet
3inches | 12Zinches | 2 'whes 5 feet
1 foot 3 feet 1 foot 3 feet
3 feet Bamers 3 feet Bamers
N/A 5 feet™ N/A 5 feet™
N/A 3 feet™ N/A 3 feet”

- An air gap (minimum 1/167) to minimize heat transfer betweer the conduits. Conduits may have 0 inch separation at

condulet bodies only.

- An air gap (minimum 1/167) to minimize heat transfer between the tray /cable 1o conduit.

- Measured betwecn centers.

" All spacings shown are edge o edge of the raceway/cable and do not include attachment hardware.



SEPARATION CRITERIA FOR INTERNAL 1E TO 1E AND 1E TO NON-1E
PANEL COMPONENTS AND WIRING

EDGE TO EDGE SPACING LOW ENERGY CONTROL
COMPONENT TO
COMPONENT OR
COMPONENT TO WIRE/CABLE
OR HORIZONTAL € inch 6 inch
CABLE TO CABLE VERTICAL 6 inch 6 inch
OR
WIRE TO WIRE
OR
WIRE TO CABLE
CONDUIT TO CONDUIT HORIZONTAL 0 inch 0 inch
VERTICAL 0 inch O inch
CONDUIT TO HORIZONTAL 0 inch NOTE™ and ®, 1 inch
CABLE/WISTWAY /WIRE VERTICAL 0 inch NOTE™®
m _

NOTES:

An air gap (minimum 1/16%) or an insulating barrier 1o preven: thermal conductivity between the conduits.
If wireways are enclosed, the wireway is considered an enciosad raceway and is equivalent 10 a conduit lenclosad
raceway).

>

All spacings shown are edge to edge of the raceway/cable and do not inciude attachment hardware.




RACEWAYS SEPARATION CRITERIA FOR 1ETO
NON-1E EXTERHAL RACEWAYS AND WIRING

LV Power Crrcuits with
Ecge to Low Energy Control Cable Size <500 MCM
Edge
s - - e
g Non- Limited Non- Limrted Non-
Hazardous | Hazard | Hazardous | Hazard Hazardous
Condut to Hornzontal Oinches | Oinches | Oinches | Cinches 0 inches
Condun Vertical J inches 0 inches 0 inches | O inches 0 inches
Conduit to Horizontal 0 inches | O inches Note * Note # 1 inch
Tray/Cable Vertical G nches 0 nches 1 inch 1 inch 1 inch
Cable to Honzontai 1 inch 1 inch 1 inch 1 incr 1 inch
Cable/Tray Vertical 3 inches 3 inches 3 irches 3 inches 3 inches
Tray to Tray | Horizontal 1 inch 1 inch 1 inch 1 nch 1 inch
Vertical 3 inches 3 inches 3 nches 3 inches = nches
Reactor Horizontal N/A S feet ™ N/A S feet ™ N/A
Busiding Vertical N/A 3fect ™ N/A 3fect ™ N/A
Fenetrations
£ S
NOTES:

- An arr gap (mainimum 1/167) to minimize heat transfer between the conduits. Conduits may have 0 inch separation at
conduiet bodies only.

- An ar gap (minimum 1/167) 1o minimize heat transfer between the tray/cable to conduit.

" Measured between centers.

" All spacings shown are edge 10 edge of the raceway /cable and do not include attachment hardware.



DISPOSITION OF DISCREPANCIES

. ALL ITEMS DETERMINED NOT TO IMPACT
OPERABILITY

’ 602 OUT OF 1502 CASES WERE FOUND NOT 7O
BE A DISCREPANCY

, DISCREPANCIES WERE DISPOSITIONED AS
FOLLOWS:

0 SEPARATION COMPLIANCE BY
FIRE WRAP 450

©  SEPARATION COMPLIANCE BY
MODIFICATION 109

©  SEPARATION COMPLIANCE BY
REWORK 240

INCLUDES RETRAINING OF CABLES,
REINSTALLATION OF CIRCUITS TO
DESIGN DRAWINGS, REWORKING OF
CABLES BY CORRECT COLOR CODING
AND OTHER NON-WRAP ACTION.

©  NON-SEPARATION RELATED CASES AND

DOCUMENTATION ONLY CHANGES 66
© CASES NEEDING FURTHER EVALUATION 35
900

Al it s s s



SUMMARY OF DISPOSITION OF ITEMS

(o]

ITEMS IDENTIFIED DURING INSPECTION -

(1)

(@)

(3)

(4)

CABLE SPREADING ROOM - HANGING
CABLE OUTSIDE CABLE TRAY

COMPLETED

CABLE SPREADING ROOM - PENETRATION
30 TO 36 CABLE ROUTING PROBLEM

RESOLUTION OF DISCREPANCIES
ARE BEING EVALUATE"™

CABLE SPREADING ROOM - PENETRATION
81 RED AND GREEN CROSSING -
WIREWAY MISSING COVER

WORK REQUEST #0283065

NOT WORKED
MAIN CONTROL BOARD - SEPARATION
BARRIER BETWEEN SPS-155 AND CABLE
BUNDLE EFS-5, -6

REA #91-0516 - COMPLETED BY
ISSUANCE OF MAR 91-08-33-01

MODIFICATION SCHEDULED FOR
PRIOR TO REFUEL 8

STATUS
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® FOLLOW-UP ACTIVITIES
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¢ PRELIMINARY ROOT CAUSE
v TYPICAL FINDINGS WERE:

©  CIRCUIT ROUTING AND RACEWAY
PENETRATIONS DID NOT AGREE WITH
DESIGN DOCUMENTS

@ SIX INCH SEPARATION BETWEEN
REDUNDANT CHANNELS WAS NOT MET

©  MAINTENANCE PROCEDURES DI) NOT
REFLECT DESIGN CRITERIA

©  SEPARATICN GUIDELINES FOR OTHER
THAN REDUNDANT CHANNELS (ie; 1E TO
NON-1E) HAD NOT BEEN DCCUMENTED

> PRELIMINARY ROOT CAUSE ANAL /SIS

© ALL DESIGN DOCUMENT RIVIEWS
SHOWED THAT PROPOSED TRAY
ROUTINGS WERE CONSISTINT WITH
SEPARATION CRITERIA GUIDELINES.

© A REVIEW OF THE VARIOUS CABLE
SEPARATION DISCREPANC ES FOUND THE
ABSENCE OF SEPARATION GUIDELINE
IMPLEMENTATION DURIN(i INSTALLATION
A COMMON FACTOR.



PRELIMINARY ROOT CAUSE (continued)

> RESULTS

©  THEREFORE THE FINDINGS SUGGEST THE
ROOT CAUSE FOR SEFARATION CRITERIA
DISCREPANCIES ARE:

(1) INADEQUATE IMPLEMENTA/ION OF
SEPARATION CRITERIA DURING
INSTALLATION

() LACK OF SEPARATION GUIDELINES

RELATED TO OTHER THAN REDUNDANT
CHANNELS



ELECTRICAL

CALCULATIONS

ENHANCEMENT

PROGRAM UPDATE

December 4, 1991



TOPICS TO BE COVERED

WORK THROUGH LAST MEETING (MARCH 12, 1991)

WORK COMPLETED SINCE OUR LAST MEETING
(MARCH 12, 1991)

WORK PRESENTLY BEING DONE
LESSONS LEARNED THIS YEAR
MODIFICATIONS

NEXT YEAR'S WORK



WORK COMPLETED THROUGH MARCH 12, 1991

AC & DC SHORT CIRCUIT CALCULATIONS

THESE CALCULATIONS ESTABLISH THE AVAILABLE FAULT
CURRENTS AT SWITCHGEARS, LOAD CENTERS, MCC's.

AC & DC VOLTAGE DROP CALCULATIONS

THESE CALCULATIONS ESTABLISH THE VOLTAGE AT
RESPECTIVE SWITCHGEAR, LOAD CENTERS, MCC's AND
MOTORS.

AC & DC LOAD FLOW CALCULATIONS

THESE CALCULATIONS ESTABLISH THE LOAD (CURRENT) AT
THE RESPECTIVE SWITCHGEAR, LOAD CENTERS, MCC's AND
FEEDS TO END DEVICES.

MOTOR CONTROL CENTERS CALCU_ATIONS

THESE CALCULATIONS FSTABLISH THE BREAKER SIZE,
MAGNETIC SETTING AND OVERLOAD SIZE.

VITAL BUS FAULT ANALYSIS

THESE CALCULATIONS DETERMINE THE AVAILABLE FAULT
CURRENT FOR A SHORT DOWN STREAM OF EACH FUSE.
IT MAKES SURE THE FUSE WILL MELT WITHIN .01
SECONDS.



WORK COMPLETED THROUGH MARCH 12, 1991 (Continucd)




WORK COMPLETED SINCE MARCH 12, 1991

LOW VOLTAGE PROTECTIVE RELAY COORDINATION

THESE CALCULATIONS ESTABLISH THE SCTTINGS FOR THE
PROTECTIVE RELAYS AT THE 480V LEVEL CURVES ARE
ALSO DRAWN.

SOFTWARE INSTRUCTIONS

THIS DOCUMENTS HOW TO OPERATE SOFTWARE USED TO
DO THE AC SHORT CIRCUIT, VOLTAGE DROFP, AND |LOAD
FLOW CALCULATIONS.

REVIEW HELB CABLES

THIS WAS A REVIEW TO ESTABLISH WHAYT POWER CABLES
ARE NEEDED TO MITIGATE A HIGH ENERGY LINE BREAK
(HELB) AND THE HIGHEST TEMPERATURE THEY WILL SEE.

ACDP DISTRIBUTION PANELS

THIS CALCULATION REVIEWED THE PRCTECTIVE DEVICES
USED IN (120v, SAFETY RELATED PANFELS.

MAJOR AC EQUIPMENT

THIS CALCULATION REVIEWS THE MANUFACTURERS RATINGS
OF VARIOUS LARGE PIECES OF ELECTRICAL EQUIPMENT
WITH RESPECT TO VALUES CALCULATED BY WORK
ALREADY COMPLETE



WORK PRESENTLY BEING DONE

VOLTAGE DRCP DURING MOTOR STARTING

THIS CALCULATION ESTABLISHES THE VOLTAGE AT THE
TERMINALS OF 4160V AND 480V MOTORS ON THE ES
BUSES DURING BLOCK LOADING. THIS DETERMINES THE
ABILITY OF THE MOTORS TO ACCELERATE. THE
CALCULATION USES THE LOWEST VOLTAGE CALCULATED IN
THE AC VOLTAGE DROP CALCULATION TO PERFORM THIS
MOTOR STARTING CALCULATION. THE CALCULATION IS IN
VERIFICATION AND WILL BE ISSUED THIS YEAR.

PT & CT BURDEN CALCULATIONS

THIS CALCULATION REVIEWS THE BURDEN IMPOSED ON
SAFETY RELATED CURRENT TRANSFORMERS |CTs) AND
POTENTIAL TRANSFORMERS (PTs).

AC & DC HELB CIRCUITS

THIS WORK REVISES THE EXISTING AC AND DC VOLTAGE
DROP AND LOAD FLOW CALCULATIONS TO INCLUDE THE
EFFECTS OF HIGHER TEMPERATURES. THIS WORK IS ON
GOING.

MCC & VITAL BUS CONTROL CIRCUITS

THESE ARE TWO LAR. =~ CALCULATIONS DONE TO REVIEW
THE CONTROL CIRCUITS ON SAFETY RELATED MCC's AND
THE WVITAL BUSES

€ VOLTAGE DROP TO END DEVICE
. CABLE CURFENT CARRYING CAPACITY



WORK PRESENTLY BEING DONE (Continued)

MCC & VITAL BUS CONTROL CIRCINTS (continued)

CONTROL TRANGFORMER SIZE
FUSE AMPERE RATING
CONSIDERS LOW VOLTAGE
CONSIDERS INRUSH

VITAL BUS FUSE COORDINATION

THE CALCULATIONS HAVE BEEN ISSUED PREULIMINARY THE
FINAL ISSUANCE WILL BE 1'' MARCH TO ALLOW A REVIEW
OF PROBLEMS AND TO ELIMINATE PROBLEMS CAUSED BY
CONSERVATISM

UPDATE THE DC CALCULATIONS

THE CALCULATIONS MUST BF MAINTAINED. MODIFICATIONS
ARE REVIEWED AS THEY ARE DEVELOPED. THE
CALCULATIONS ARE ONLY UPDATED ONCE A YEAR THESE
CALCULATIONS WILL BE REISSUED IN FEBRUARY 1992,

CALCULATE SAFETY RELATED CABLE AMPACITY

THIS CALCULATION VERIFIES THE AMPACITY, OVERLOAD
PROTECTION, AND SHORT CIRCUIT WITHSTAND CAPABILITY
OF EACH SAFETY RELATED POWER CABLE. A MORE
DETAILED CRITERIA THAN COMMITTED TO IN THE FSAR IS
BEING USED. THIS TASK IS 70% COMPLETE AND WILL BRE
ISSUED IN JANUARY 19G2.
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WORK PRESENTLY BEING DONE (continued)

¢ CORRECTIVE ACTION

ALL PROBLEMS FOUND DURING THE VARIOUS
CALCULATIONS ARE IDENTIFIED AND CONTROLLED BY AN
ENGINEERING PROCEDURE AND ARE IDENTIFIED ON OPEN

ITEM REPORIS.
STATUS AC DC
TOTAL ISSUED 140 309
tOTAL CLOSED 126 77
OPEN 14 232*
. 36 - NEW CALCULATIONS WILL RESOLVE
70 - PRESENTLY BEING WORKED ON
58 - REVISED DC CALCULATION
EXPECTED TO RESOLVE
67 - MODIFICATION TO BE ISSUED THIS

YEAR




‘ LESSONS LEARNED THIS YEAR

¢ CALCULATION DEPENDANCE

v VARIOUS CALCULATIONS HAVE BEEN PERFORMED THAT
FPROVIDE ADDITIONAL OATA/INPUT TO EXISTING
CALCULATIONS.

. THE CURRENT REQUIRED TO START AND RUN A
MOTOR AT LOW VOLTAGE MUST BE CHECKED TO
INSURE THE OVERLOAD ELEMENTS WILL NOT TRIP.

. MCC CONTRCL CIRCUIT FUSE RATINGS AND CONTROL
TRANSFORMER RATINGS MUST BE EVALUATED AT
DEGRADED VOLTAGES.

. MAXIMUM DROPQUT VOLTAGES OF CONTACTORS MUST
BE VERIFIED AT DEGRADED VOLTAGES.

¢ IMPORTANT PARAMETERS

WE LEARNEL WHICH PARAMETERS HAVE A SIGNIFICANT
IMPACT ON EACH CALCULATION. THIS HELPS IN THE
EVALUATION OF MODIFICATIONS.



MODIFICATIONS

SECOND ES TRANSFORMER

THIS WILL PROVIDE TWO SQURCES TO OUR ES BUSES
FROM THE 230KV SUBSTATION. THIS WilLl. BE INSTALLED
DURING MIDCYCLE 8M.

CIRCULATING WATER PUMP POWER CABLES

THESE NON-SAFETY RELATED CABLES ARE NEAR THEIR
END OF LIFE. THEY ARE BEING REPLACED. THESE ARE
BEING SCHEDULED,

CONTROL COMPLEX CHILLER 3A POWER CABLE

THIS CABLE WILL REACH ITS END OF LIFE IN ABOUT
FOUR YEARS. THIS CABLE WILL BE REPLACED.

NON ES BATTERY

A SEPARATE BATTERY HAS BEEN INSTALLED AND MOST
OF THE NON ES LOADS HAVE BEEN TRANSFERRED TO IT.
THIS TASK IS COMPLETE.

NINE 480V ES SWITCHGEAR BREAKERS

THE NINE 600 A BREAKERS ARE BEING REPLACED WITH
1600 A BREAKERS TO INCREASE THE SHORT CIRCUIT
RATING FROM 30,000 AMPS TO 650,000 AMPS. THIS WILL
ALLOW CR3 TO REGAIN COORDINATION. THIS WORK IS
SCHEDULED TO BE COMPLETED IN REFUEL 8.

10



NEXT YEAR'S WORK - 1992

COMPLETE CALCULATIONS

COMPLETE THOSE CALCULATIONS STARTED IN 1991, THESE
WiLL BE COMPLETED DURING THE FIRST QUARTER OF
1892

MAINTENANCE

MAINTAIN THE CALCULATIONS ISSUED BY THIS
ENHANCEMENT PROGRAM. THIS WILL BE DONE WITH LOGS
AND YEARLY UPDATES

EDSFI

THE ENHANCEMENT GROUP WILL PREPARE FOR THE rner
AND WILL BE THE LEAD ORGANIZATION FOR THE
INSPECTIONS.

11



Florida Power Corporation

Crystal River Unit 3

Emergency Diesel Generator

Voltage Response

Design Basis

Discussion



HISTORY
Pre-Refuel 7

LER 87-19-01 discussed design basis of
electrical voltages

0 Block 1 Voltage Dip 71.1%

0 Recovered in 2.06 seconds
0 Contactor Min Volt. 65% of rated

Due to Max rating concerns, EDG
Upgrade Program was developed

Tripping EFP when LPI is required
Selectable RB Cooling Fan
Trip Heut Tracing load
Limit initial EFW flow
—High Accuracy BlockLoad-timers

© O0OC OO0




HISTORY

NRC Approved program Sept 18, 1989

NRC Requested testing of 480 Volt
and 120 Volt to ensure design basis
calculations met at contactors

Refuel 7

A Diesel: Block 2 dip was 27.2 % and
Block 4 dip 28%

A Diesel: Block 4 came in 1 second
early

B Diesel: Block 1 dip was 25.8%

All end device contactors were either
tested or calculated to meet design
basis



HISTORY
Post Refuel 7

0 Data did not meet Reg Cuide 1.9
criteria

0 Max 25% dip and restored to
within 10% of nominal within 60%
of block time

0 Max 5% dip in frequency restored
to 2% of nominal within 60% of
block time

o FPC not specifically committed to
RG 1.9 but committed tc as a goal

o NRC and FPC agreed on Action Plan
August 15, 1990 and Operation
justified till Midcycle 8 Outage in
October 1991.



MIDCYCLE 8 OUIAGE

0 Actions

1. Adjust and Optimize EGDG-1A
Voltage Regulator

o

Install High Accuracy Time Delay

Relays (part-of .original Upgrade
Program)

(3

Reperform PT-340 with SP-417,
Enginecred Safeguards Actuation
with Loss of Offsite Power



0 Adjustment Results
o EGDG-1A Regulator optimized
o EGDG-1B found to be optimal

0 Test Results

o EGDG-1A Block 1 dip was 0.6 Yt /
below 75% nominal voltage

o EGDG-1A Block 1 frequency dip
was 0.07% below 95% nominal for
0.3 second

0 All other data met Reg Guide
requirements

o All values within engine and
electrical system design basis



-wue EGDG 1A OUTPUT Nov 18 1991

AN BUS PT VOLTAGE SAG 11:43:20.78PM

51.0 Vrms mininum

£2.8 Vrms maximum

7.0 seconds below threshold
5.0 seconds above threshold

L =RELEENS - - R

200V - TETEA I Mg e a It T Ay s e
i b

!
| i

|
ﬁ
| 72.0V f 3 — £ {
66.0V | ‘ /- ey gt fE. s
\
! i
" i
1 |
| { |
] |
B e e ) 24 il SELNTE] RN S
20.0 V/div vertical 2 sec/div horiz.
AN BUS PT VOLTAGE SAG
PS06 EGDG 1A OUTPUT Nov 18 1991 11i:45 PM
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.»06 EGDG 1A OUTPUT Nov 18 19%1

AN BUS IT VOLT. SAG END 11:43:17.08PM

56.6 Vrms minimum
80.9 Vrms maximum

200V

72.0V | i g e e, A )
66.0V | - MR A

ov I R

20.0 V/div vertical 2 sec/div horiz.
AN BUS PT VCLTAGE SAG ENDED

PS06 EGDG 1A OUTPUT Nov 18 1991 11:48 IM
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-~J1l 4160V ES BUS 3A Nov 18 1991
AN BUS PT VOLT. SAG END 11:43:23.74PM
6.0 Vrms minimum
83.4 Vrms maximum
W

73.5V
67.0V

ov

Py

{
}
:
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|
==

4 4 i

26;6"V/div vertical
AN BUS PT VOLTAGE SAG ENDED

2

R \_4;1 /
|
1
!
) I SR PN,

sac/div horiz

PSO1 4160V ES BUS 3A Nov 18 1991 11:44 ™
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- PR e e———



 _01 4160V ES BUS 3A Nov 18 1891
AN BUS PT VOLT SURGE END 11:43:40.75PM

81.5 Vrms maximum
7.0 Vras minimum

200V

L] | % ' ] 1 ]

4
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|

13 -4

L2 gl S NPT 00, TR S = e o, e eyt bt

67.0V 1 S = : ¥
: |
2 “ i

g |

| i

ov o N g i g 1 gl e et (B

20.9 V/div vertical 2 sec/div horiz.

AN BUS PT VOLTAGE SURGE ENDED
PS01 4160V ES BUS 3A Nov 18 1991 11:45 PM
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.o02 480V ES BUS 3A Nov 18 1991
AN BUS PT VOLT. SAG END 11:43:21.25PM

0.7 Vrms minimum
82.1 Vrms maximum

s 0 gt et e g e

73.0V : N e i e P s
67.5V | 1 it 1 SR ol V¥ G W N
| ;
v ' -
l J
OV bt § g N Y, O TL, o VEY

20.0 V/dnv vertxcal 2 sec/div hor;i.

AN BUS PT VOLTAGE SAG ENDED
PS02 480V ES BUS 3A Nov 18 1991 11:44 PM
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-202 480V ES BUS 3A Nov 18 1991

AN BUS PT VCLT SURGE END 11:43:38.26PM

'
i
|
!
|
|
i

80.5 Vrms maximum
£7.7 Vrms minimum

zoov L - —— e N ma - —— ]

5 |

1

|

|

-;

(15, S S Jf, W e
87.5V [V R aa - j
ov i } Pn TR v M N . e st 1 D% M) !
20.0 V/div vertical Z2 sec/div horiz.

AN BUS PT VOLTAGE SURGE ENDED
PS02 480V ES BUS 3A Nov 18 1991 11:45 PM
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130V
120V
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2
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Nov 18 i%91
VOLT SURGE END 11:43:37.80PM

140.2 Vras maximum
100.4 Vres minimumw

_ . ) »

25.0 v/div v.rticai
UNIT 8C VOLTAGE SURGE ENDED

PSO3A MCC 3A2 Nov 18 .991 11:42
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2 sec/div horiz.



EGDG-1A BLOCK LOADING / EGDG OUTPUT

3098.99

PHASL #

4166,00

60%
VAI UE

4551.48

109,286

3198.4]

4166.00

4167,14

100,03

3500, 30

4166.00

4216,85

101,22

343483

4166.00

3930,72

94,35

3885.86

416€,00

4016,80

§6.42

3794.92

4166,00

4166.00

PHASE B

4112.58

§8.72

3086.86 74.10 4556,33
BLOCK 2 320320 4166.00 76.89 4232.6) 101.60
BLOCK 3 3508,.73 4166.00 84,22 4170.78 100.11
BLOCK 4 3368.15 4166,00 60.8% 3918.59 94.06
BLOCK & 3901.62 4166.00 93.65 3996.19 95.92

3782.80

3069.89

4166.00

PHASE C

4166.00

4001,04

4477.52

107.48

3194.77

4166.00

4199.88

100,81

3491.8]

4166.00

4204.73

100,93

3385.12

4166.00

3881.01

93.16

3873.73

4166.00

992,86

95,84

3764.82

4166,00

au30.14

’6'7.



EGDG- 1A BLOCK LOADIN 4160 VOLY £S5 ¢ “
PHASE A
l BLOCK MINIMUN NOMINAL % 0f 60 % Of :
NUMBE R VALUI VALUI NOM I NAL VALUI NOMINAL |
: , i , ‘ |
BLOCK NO DATA $16¢ ' KO DATA !
BLOCK & 98.4) 416¢ L 0. ¢ |
| ‘ $ ' !
| BLOCK 3 1622.13 4166 B . 58 4113.7% .13 !
+ ’
!
k | BLOCK 4 44%.74 4)6¢ B LELR Y 44 |
| BLOCK ¢ 1905, 2! 4)6¢ B 9 ¥5 . 7E \
$ ’ |
i Kt 690 .6¢ G161 TY 401 97.1 '
- »
PHASE B
) | l
BLOCK MINIMUM NOM I NA| % Of 60 % Of .
| NUMBER VALUI VALUE NOM I NA VALUI NOMINAL |
| . ‘ . ‘ .
| H OL K ] [N [v,‘\" a416¢ ) Nl[ TA ) {
" L | |
|
1. BLOCK 3 1432.4) 4166, 0( 82.39 4096 . 8: 98,34 ‘
¢ ! + ' 4
i gLOCK 4 3377 .8¢ 4166.0 8l.0¢ 1863.13 93.4¢ ]
I ) + + * » 1
! BLOCK & 3710.0¢% 4166.0 89. 01 §973.1% 85.3) ‘
lv - $ 4 5 i
| BLOCK ¢ 166 . ) 8165.( 8. 1¢ 4041.0¢ 97 . 0 i
PHASE (
[ . § : PS—
| sLOCH MINIMUM | NOMINAI % OF 60% % N
| NUMBEF YALUI VALUS NOMINAL YALUE NOMINAL
o x s “a PP RS > S Ppoe oday £ 1aris :
| BLOCK 1 NO DATA 4166, 0C 0.0 NO DATA 0.0
l- * . » 4 »
i BLOCK 2 3276, 0( 4166 . 0( JE.64 4178.0¢% 100,29
‘ BLOCK 3 if ¢ 4)6¢ B4 .7 4178.0¢ ] '’
| BLOCK & 3445, 74 4166, 0¢ 82.7) 3893.13 93.45 |
| BLOCK § 3918, 59 4166, 0( 04 . Of 4062.87 97.5:
i ' $ $ v B {
| BLOCK ¢ 1756,13 4166, 0( 90, 1¢ 4062.87 YR Y




EGDG-1A BLOCK LOADING / 480 VOLT ES BUS A

NO DATA

PHASE A

486,19

NO DATA

366,64

486 19

477,91

409.87

486.19

473.06

401,56

486,19

453,66

452.13

486,19

464,33

432.74

486,19

PHASE 8

NOMINAL
VALUE

486,19

466,21

NO DATA

486.19

474,58

486.19

464,18

396.29

486.19

453,.5%

449.78

486,19

455,60

432.74

NO DATA

486.19

PHASE C

486.19

465.71

NO DATA

367,06

486.19

47€.94

408.35

486.19

470,56

397.68

486.19

445,76

449.78

486.19

465.71

432,74

486.19

470,16







EGDG-1A BLOCK LOADING / 120 VOLT CONTACTOR

NO DATA

ES WCC 3A2

122,46 NO DATA

92.73

122,46 121,38

103.00

122,46 122,08

100,78

122.46 115.43

113.38

122,46 116,95

BLOCK 1

109,30

NO DATA

122,46 120,13

ES MCC 3A2

120,96 NO DATA

BLOCK 2

91.26

120,96 122.1%

BLOCK 3

102.85

120,96 118,13

BLOCK 4

120,96 113,76

v OCK §

113.93

120.96 116,95

BLOCK 6

108,08

120,96 118,93
B




.313 EGDG 1B OUTPUT Rov 18 19°1
AN BUS T VOLTAGE SAG 12:43:19.21™

51.0 Vrms mininus

83.4 Vrms maximum
8.0 seconds beicw threshold .
4.2 seconds above threshold
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! 66.0V | 1 . L. j e 4 Bl T .
: \ - ‘ |
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! 1

: ov 1 =5 SRR ENES, WS Ao ,
! 20.0 V/div wvertical 2 sec/div horiz. ‘

AN BUS PT VOLTAGE SAG
PS13 EGDG 1B OUTPUT Nov 16 1991 12:45 PHM
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PSO07 4160V BUS 1B Nov 18 1991
PHASE BN VOLT. SAG END 12:44:23.84PM
0.0 Vres minimum
83.9 Vims maximum
e AT P
2m i'—_ —" [ i — . : i R "I
r J
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r 1
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68.95V 'L , ’ = J " 4
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ov L—s : : : : : Aot |
20.0 V/div vertical 2 sec/div heoriz.
PHASE BM YOLTAGE SAG ENDED
PSO7T 4160V BUS 3B Nov 18 1991 12:47 pPe




PS07 4160V BUS 3B Nov 18 1991
PHASE BN VOLT. SAG 12:44:41.95PM

61.6 Vrms minimpum
76.4 Vrms maximum
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20. Vv/div wvertical 2 sec/div horiz
PHASE BN VOLTAGE SAG ENDED
PS0O7 4160V BUS 3B Nov 18 1991 12:48
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i e e i i e

R P AR U Nr—=.~

PS12 mMCC 3B2 Nov 1f 1991
PHASE BN VOLT. SAG END 12:44:07.80PM

G.0 Vrms minimum
330.8 Vress maximum
I e ey
[ 4
H

L 4

' g

t :
i Fivy
i I :
i- o N ™ ‘1 :
gg;g L ; \»\;_‘; (:r,".,:ﬁ'\‘_}; £ e ra uf
i P 1 ,f et ‘[ '
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. {i 4 !
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i ; !
Y |saeada.s } 3 ' a 3 ’ 1 - ___! }
80.0 V/div wertical 2 secydiv horiz. ‘

PHASE BN VOLTAGE SAG ENDED

| PS12 MCC 2BR2 Nov 18 1991 12:45 Pwm !

T e i e Vg4 . - bt il




PSi2 MCC 3B2 Nov 18 1991
PHASE BN VOLT. SAC END 12:44:26.03PM

239.7 Vres pinisum
302.8 Vras maxisum

80.0 vY/div mticai B sec/di 'bnrix

PHASE BN VOLTAGE SAG ENDED
PS12 MCC 3B2 Nov 18 1991 12:46 PM
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UNIT 6B VOLT. 3AG END 12:34:07.78PM
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f .10 MCC 3AB | Mov 18 1991

- UNIT 3C VOLT. SAG END 12:44:20.38PM

9.0 Vrms minimum
147.0 Vrms maximum

J
]

s e e e e e e ..,._...-_I
7
.

.
l
ra—

~ - A
130V N e e
e { e { e B e
/ \1 \.«’X‘ ! \»/ " i
‘ / 3 1
¢ v :
; 4
| .-
! :
; i
! i j
ov et : ! H " SNSTRSET SRS ¥
25.0 V/div wvertical 2 sec/div horiz.
UNIT 3C VOLTAGE SAG EKNDED
PS10 MCC 3AB Nov 18 1991 12: 6 M
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R I S .

EGDG-1B  BLOCK

BLOCK 1

INADING / 4160 VOLT ES BuUS &

PHASE A

407§,00

448] .46

108,97

BLOCK 2

3037.29

407500

3984.89

BLOCK 3

NO DATA

4075.00

NO_DATA

BLOCK 4

NO DATA

4075.00

NO DATA

BLOCK §

NO DATA

4075.00

NO DATA

BLOCK €

BLOCK 1

NO DATA

3082 .81

4075.00

4075.00

NO DATA

4201.11

106,30

BLOCK 2 |  3037.29 |  4075.00 76.53 | 4084,2) 100,23
BLOCK 3 | 338488 |  4075.00 83.06 | 403862 99.11
BLOCK 4 | 3844.2) |  4078.00 94.34 | 4018.00 9860
BIOCK § |  3773.86 |  4075,00 92.61 |  3976.7% 97.69

BLOCK 6

3773.86

4075,00

3976.79

§7.59

PHASE €
i
M OMER
8Kl 3074, 54 4075.00 4286.97 106.20
_TL0CK 2 062,12 4076,00 75,14 4069.38 §9.62
BLOCK 3 3372.47 4075.00 82.76 4452.49 109.26
BLOCK 4 3831.79 4075.00 §4.03 4217.32 103.9¢
BLOCK * 3782.5% 4075.00 92.82 3660.07 97.18

-

BLOCK & ,
rEnay s W

3728.24

4075.00

3543.52

96.77




| BLOCK
NUMBER

MININUM
VALUE

EGDG-1B  BLOCK

NOMINAL
VALUE

LOADING / 4BO VYOLY €S

PHASE

S B

|
% OF 60% % OF |
NOMINAL VALUE NOMINAL |

35072 | 471.8) 75,16 | 480,98 101,94
BLOCK 2 346.17 | 471.81 73,97 | 469.60 99,83 |
- BLOCK 3 387,79 | 471.8) 82.19 | 480,22 95,42
BLOCK & 436.03 | 471.8) 62.42 |  453.0 os.ozl
BLOCK § 415,69 | 471,81 86.11 | 449,74 98,32

BLOCK 1

415,69

448.32

101,94 |

BLOCK 2 346.17 72,75 469,60 98.69 |
BLOCK 3 387.79 47).8) 82,19 450,22 95.42 |
BLOCK 4 436,03 471.8) 92,42 453,08 96.02 |
BLOCK § 415.69 471.8) 88.1] 449,74

BLOCK &

BLOCK 1

354,72

471.81

PHASE €

471.8)

6,32
448.32 15.02

BLOCK 2

346.17

471.8)

400,95
469. 60

BLOCK 3

367.79

471,81

450.22

BLOCK 4

436,04

47),.8]

453,08

BLOCK &

415.69

471,.8]

445.74

BLNCK &

415,69

47].81

448,32




EGDG-1B  BLOCK LOADING / ES MCC 382
PHAGE

472.8%

’

0.00

0,00

472.8% 72,80 458.26 96.91
BLOCK 3 382,43 472.85 80,88 46%.5i 97,81
BLOCK & 429,88 472,86 90,91 441,23 93.31
BLOCK § 426,57 472.8% 50,21 456,42 96.31

BLOCK )

418,69

358,08

472.8%

472.8%

477.64

l7."| 467,31 6.7 I

101.01

BLOCK 2

346,13

47z.8%

458.26

96.91

BLOCK 3

387,31

472.8%

462.51

§7.81

429,88

477.8%

441.23

93.31

BLOCK §

426,57

472,8%

455 .42

96.31

415.69

NO DATA

472.8%

PHASE €

472.8%

va

96.71

346,48 | 472.88 73,70 458,26 96.9) |
BLOCK 3 388, 67 472,85 82,20 462,51 97.81 |
BLOCK 4 429.88 | 472,88 90 91 841.23 83,31
BLOCK § 426,67 | 472.88 90.21 456,42 96,3

I BLOCK 6 415,69 472.85 87.91 457.3)




EGDG-16 BLOCK LOADING /
£s

NO DATA

MCC 381

120 VOLT CONTACTOR

NO DATA

BLOCK 2 89.89 | 120,00 7466 119,37 oo.n.l
BLOCK 3 100.00 | 120.00 83.33 118.86 99.08
BLOCK 4 191,96 | 120.00 93.29 112,84 93,78
BLOCK § 1ud. 79 | 120,00 90. 66 114,42 95,3
106,03 116,61 |
£ MCC 382
BLOCK 1 92.41 |  121.00 76.37 126.76 106,40
BLOCK 2 89.43 | 121.00 73.91 118,60 98.02
BLOCK 3 100.00 | 121,00 82,64 116.47 96,26
BLOCK & 111.60 | 121,00 92,23 116,21 96.04
BLOCK & 111.10 | 121,00 91.82 117.06 96,74

BLOCK 6 107,561 121.00 68,85 115.36 I 95,34 l

" OF |
NOMINAL _|

S

NCC 383

NO DATA |
BLOCK 2 87.71 118,00 74,13 116,64 98.85 |
BLOCK 3 97.01 118.00 82.21 114,85 §..31 |
BLOCK 4 106, 62 118,00 92,08 i11.26 94,29 |
BLOCK § 106.91 | 118.00 9060 113,31 96.03
I BLOCK 6 105. 29 118.00 89.23 114,28



N e A —

EGDG-1B BLOCK LOADING / 120 VOLT CONTACTOR
ES MCC 3AB

. 123.21
BLOCK 2 86.10 | 419.00 72.36 | 119.45 100.38 |
BLOCK 3 100.00 | 119.00 84.03 |  117.83 99.02
BLOCK & 110.92 | 119.00 93.2) 118,27 96.17
108.62 | 119.00 91.28 | 114.08 9%.87

114,16

£5.93




INTERMEDIATE BUILDING STEAM LINE BREAK
BACKGROUND
¢ DISCOVERY OF GENERAL HELE DISCREPANCY - 1988

e SCHEDULE FOR FTCOVERY AND EXEMPTION GRANTED
UNTIL END OF REFUEL 7

. REVISION OF GENERAL HELB CRITERIA APPROVED BY
NRC

. DESIGN APPROACH OF CORRECTIVE ACTION

® INSTALLATION OF NEW SHIELDS AND RESTRAINTS
PRIOR TO AND DURING REFUEL 7



INTERMEDIATE BUILDING STEAM LINE BREAK

i. IMPACT OF HELB ON ELECTRICAL EQ! 'PMENT
ENVIRONMENTAL QUALIFICATION PROGRAM

FOR INTERMEDIATE BUILDING, 24" MSLB ASSUMED TO
BE BOUNDING

TO CONFIRM THAT ASSUMPTION - RELAP 5 MODEL
OF INTERMEDIATE BUILDING BREAKS WAS
DONE CONSIDERING EACH RESULT:

» 6 MSLB @ EFWPT LINE EACH OF THESE
EXTENDED THE
»  1%' CHEMICAL CLEANING LINES] COMPOSITE
QUALIFICATION

» 24" MSLB LEAK CRACK BREAKSL CURVE

EQUIPMENT EFFECTED

» MAIN STEAM LINE PRESSURE TRANSMITTERS
. LOCAL CONTROL STATIONS, MOTOR STARTERS
’ CABLE

> TERMINAL BLOCKS



INTERMEDIATE PUILDING STEAM LINE BREAK

IMPACT OF HELB ON CELECTRICAL EQUIPMENT
ENVIRONMENTAL QUALIFICATION PROGRAM (continued)

IMMEDIATE RESOLUTION

RECALCULATED IB TEMPERATURE CURVE TAKING
CREDIT F'R APPENDIX R SPRINKLERS

INSULATED TRENSMITTERS AND ELECTRICAL
EQUIPMENT ENCLOSURES IN 7R TO ACHIEVE

D
NELrT“ARY THERMAL LAG TIME

CORRECTIvie ACTION DUE BY END




INTERMEDIATE

POST REFUEL 7

. \ g
r(.‘w, f
[ | A
’ " JUALI
@ \AAL i

W SAF 1
’ \ A":‘\‘ f | 1
9 REACTO

AN A
® t “'v*‘ L T
¥ AL
L FMEA
L M L

BUILDING STEAM LINE BREAK

CORRECTIVE ACTION

(>l ) MAAL Y
Ef F ENVIRONMEN
{ [ ) A
.i I [ -“.‘ £ ' '\ Lt
r r [ 4 i r WA
BHREAY 5t V'V }
IDAED

(ol | E - ';wt‘v

DAMENT ML » A
\J FMEN ! Vi oy Nt L

-
INE | ASH FORCI AP} )
P >
i ’ . AY [ 3
| VENT P f |
[ | A Y fl
! " t » ) AW

I AT { A A
RELATED PURGE FAN!
;e A 1 1§ AILZ ( 1
RELATED SPRINKLER YSTEM
= ’,y |{ E,‘;‘: " 3 1 .‘D;.rw
T} I H4E ¢ RRFAK
- C { 4
' A
V,F' L f" ALK

ANA =NAJ




INTERMEDIATE BUNLDING STEAM LINE BREAK
. POST REFUEL 7 CORRECTIVE ACTION (continued)
3. CORRECTIVE ACTIONS PURSUED
¢ FMEA

. OPENINGS IN IB

SIMULATOR ANALYSIS

. ELIMINATE E! CAK



INTERMEDIATE BUILDING STEAM LINE BREAK

V. FMEA
~ CONFIRMED THAT THE 6" BREAK WOULD DISABLE
ENOUGH EQUIPMENT 7O MAKE T DIFFICULT TO
SAFELY SHUTDOWN THE PLANT.

. COMPLETED END OF SEPTEMBER 1991.



INTERMEDIATE BUILDING STEAM LINE BREAK
OPENINGS IN INTERMEDIATE BUILDING
BUILDING

PRACTICALL®

QPENINGS

PREPARLED

‘£ N MIAD
\"(..ul. (- i E




INTERMEDIATE BUILDING STEAM LINE BREAK

VI. SIMULATOR ANALYSIS

. PURPOSE: TO CONFIRM OPERATOR RECOGNITION
AND ACTION IN THIS SCENARIO AND TO DISCOVER
ANY OTHER UNDISCOVERED SYSTEMS PHENOMENON.

. 2 RUNS WITH 6" BREAK
’ CONFIRMED 10 MINUTE TRIP
> OPERATOR EASILY RECOGNIZED SCENARIO
v TRIPPED REACTOR AND ISOLATED AFFECTED

STEAM  GENERATOR. EXPECTED OPFR-TOR
RESPONSE TIME 3 TO & MINUTES.



v

ELIMINATE TWO SIX INCH BREAKS

INTERMEDIATE BUILDING STEAM LINE BREAK

~

1y ML rume t Ll Vit t'yl "‘,:‘ it ’." ! f\l :

ANI INSPECTION TECHNIQUES I ASSURL THI

BREAK WILL NOT OCCUR

METHODOLOGY: REVIEW MATERIAL CERTIFICATIONS

AT ™ 5 ) ( r Y Y 1 L]

yYwC LU “E\ URUOD AND v'vi‘-‘l HON Q) ! ABLISH
Y T r { C

INSPECTION CRITERIA AND POTENTIAL FLAW SIZI

A A - - Y ! AL r r .

IMPACTING HeE WELD INTEGRITY

RESULTS: AFTER EXAMINING THE Gl AETRY F o THLE

BREAFK LOCAT N TH BREAK AN Bt JUSTIFIABLY

F OSTUI AYE»V»‘\ A S A BREA}

RE ;"er' ;l’nx il ’\Ar\‘l% NTAI "L.vij’\.\ N BREAF | NO

4 NGt [ N ENVIR INMENTAL o} =M

F E :'\‘»A_:" . ?“:A | .\‘\ 'F“ :.‘l‘» Y <" > :\r"‘t‘ \§ y ]



LALLR

INTERMEDIATE RUILDING STEAM LINE BREAK

FOLLOW ON ITEMS

REVISE HELB CRITERIA

REVISE ENVIRONMENTAL AND SEISMIC QUALIFICATION
PROGRAM MANUAL (ENVIRONMENTAL CURVES)

REVIEW EQUIPMENT TO NEW CURVES TO ELIMINATE
INSULATION

REPLACE MSL PRESSURE TRANSMITTERS

INSPECT THE 6" BRANCH LINE FOR WELD
PROBLEMS



AUX STEAM
TERMINAL END BREAK EVALUATION

SUMMARY OF EVENTS

« DOCUMENTATION REVIEW TO SUPPORT A
FRACTURE MECHANICS ASSESSMENT

« DETAILED REVIEW OF 1974 B31.1 STRESS
ANALYSIS

« REDUCER COMPONENT NOT EXPLICITLY
MODE!LED

« HAND EVALUATION OF STRESS AT REDUCER
ENDS
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AUX STEAM
TERMINAL END BREAK EVALUATION

CONCLUSIONS

« 6" END HAS ABOUT 35% STRESS LEVEL
OF THE 3" END

« SUGGESTED VOLUMETRIC INSPECTION
TO VERIFY

« BOTH WELDS WITHOUT
IMPERFECTIONS

« ACTUAL WALL THICKNESS OF
REDUCER

« GEOMETRY (i.e., CONE ANGLE)
OF REDUCER

« SHOULD UT SHOW NO FLAWS, AND
ACCEPTABLE WALL THICKNESS, ONE
CAN CUNCLUDE THAT 3" END IS LIMITING
STRUCTURAL CROSSECTION

« TE BREAK SHOULD BE TAKEN AT 3"
REDUCER
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The requirements of the following documents for electrical circuit physical
separation are incorporated in the design criteria:

Draft 1 dated 10/20/7)1, Section 8.0 of the proposed Guide for the
Design and Installation of Cable Systems in Power Generating Stations,
(Ref. 3R)

Criteria Relating to Electrical Circuit Physical Separation and Cable
Tray Loading dated January 24, 1977 (Ref. 3()

FSAR Separation Criteria (Ref. 3f)

£-91-0001, Rev. 0, Electrical Separation Criteria for Class 1E Control
Boards, Equipment Cabinets and Relay Racks (Ref. 3A)

Control Board and Relay Rack Engineered Safeguard Separation Criteria
Report, Rev., 9, May 1875 (Ref. 3W)

TEEE 279-1968, Criteria for Nuclear Power Plant Protection Systems

Guidance on the use of barriers for fire protection is provided in the
Crystal River Unit 3, JOCFkaQ, Appendix R Fire Study. Circuits that are
required for safe shutdown in the evenl of & fire are identified on the
£-213 series of drawings and in Sectien 7 of the 10CFRS0 Appendix R Fire
Ctudy Report.

2. DEFINITIONS
To clarify terms used within this document, the following definitions shall
apply:
A. - Non-Class 1E circuits that are routed with

Associated Circuits

Class 1 circuits and are not separated from Class 1E circuits by
acceptable separation distance, barriers o, isolation devices. (NOTE:
Crystal River Unit 3 does not use associated circuits as defined by
1cEE 384. wWhen used in this document, the term is to define
non-class 1€ circuits routed with Class 1E circuits,)

Barrier - A device or structure interposed between redundant Class 1€
equipment or circuits, between Class 1E and Non-Class 1E equipment or
circuits, or between (Class 1E equipment or circuits and a potential
source of damage to 1imit damage to Class 1E systems to an acceptable
level.

Channel - The des gnation applied to a given system or set of
components that enables the establishment and maintenance of physical,

JT\PROJECTS\CRI ECPS\ECPS . WPF
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J. Independence - The state in which there is no mechanism by which any
single design basis event can cause redundant equipment to be
inoperable.

K. Instrumentation Circuit - A low energy circuit used for transmitting
variable current or voltage signals (analog) or those wused for

*~ansmitting coded information (digital),

B Isolation Device - A device in a circuit which prevents malfunctions
in one section of a circuit from causing unacceptable influences in
other sections of the same circuit or in other circuits,

M. i rd Ar - Limited hazard areas are those plant areas from
which potential hazards cuch as missiles, exposure fires, and pipe whip
are excluded.

N. Low Energy Circuit - Low energy circuits are those circuits that either
are inherently limited requiring no overcurrent protection or limited
by a combination of a power source and overcurreant protection (NEC
Article 725-31 for Class 2 and Class 3 circuits), They are comprised
of analog nd aigital circuits used for transmitting:

a. Variable currsnt or voltage signals for the control and/or
instrumentation of plant equipment and systems.

b. Coded infurmation signals, such as those derived from the output
of an analog-to digital converter or the coded output from a
digital computer or other digital transmission terminals.

For CR3, low energy circuits are defined as those having the
following nominal characteristice:

® 32-160 mV ® 0-10V DC

® 28V [OC & 24V DC

® 4-20 mA e 24V AL

® 10-50 mA ® -10 to +10V DC

® 1-5V DC ® 25V DC high impedence current limited

annuncigtor logic loops

0. Low-Voltage Power Circuit - A circuit which supplies power to
Jytilization devices of the plant auxiliary systems rated at 600V or

less.

p. edium- e Power Circuit - A circuit which supplies power to
utilization devices of plant auxiliary systems rated at 601 V to
15,000 V.

i \PROJECTS\CRI\ECPS\ECPS . WPF
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Q. Non-Hazard Areas - An area meeting the following requirements may be
designated as a nonhazard area (e.g. cable spreading room).

(1) The area shall mnot contain high energy egquipment such ag
switchgear, transformers, rotating equipment, or potential sources
of missiles or pipe failure hazards, or fire hazards,

(2) Circuits in the area shal)l be limited to contreol and instrument
functions and those power supply circuit cables and equipment
serving the equipment located within the area.

(3) Power circuit cables in this area shal) be installe! n enclosed
raceways.

'4) Administrative control of operations and maintenance activities
shall cortrol and 1imit introduction of potential hazards into the
area.

. 0rg;g;;jgn System - The protection systems, which consists of the
Reactor Protection System (RPS) and the Engineerad Safeguard Actuation
System (ESAS), perform important control and safety functions. The
protection systems extend from the sensing instruments to the fina,

actuating devices, such as ¢ircuit breakers and rump or valve moton
contactors.

S. Raceway - Enclosures such as conduit, cable tray, ducts, wireway
penetrations, etc.. which prcvide a method of routing suppori, and
physical protection for the eizctrical cable systam.

T. Reactor Protection System - The overall compliment of instrument
channels, trip logic and wiring which make up redundant channels to
form a matrix to generate a reactor trip signal.

U. Redundant Circuits., Equipment or System - Circuits, equipment or
systems that duplicate the essential function of another piece of
equipment or systems to the extent that either may perform the required
function regardless of the state of operation or failure of the other.

V. Safety-Related {Class 1E) - The safety classification of the equipment
and systems that are essential to assure the integrity of the Reactor
Coolant System boundary and the capability to shutdown the reoactor, to
maintain it in a safe shutdown condition and to prevent or mitigate the
consequences of accidents which could result in potential offsite
exposures comparable to those referred to in 10CFRICO.11.

Ji\PROJECTS\CRI\ECPS\ECPS . WPF
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W. Separation Distance - Space which has no interposing structures,
equipment, or materials that could a'd in the propagation of faults or

that could otherwise disable safety-related systems or equipment.

Single Failure Cri The single failure criteria as defined in
JEEE Standard No. 279-197] states: "Any single failure within the
protection system shall not prevent proper protective action at the
svstem level when required.” This is applied to all systems that have
safety related functions.

3. REFERENCES

The design basis for internal and external separation requirements of safety
related circuits stated in this document is provided ‘n Appendix 1. The use
of the references in the preparation of this document dons not imply FPC
commitment to the referenced document.

A. E-91-000], Rev. 0, Electrical Separation Criteria for Class 1E Control
Boards, fquipment Catinets and Relay Racks (To be superceded by this
criteria).

B. Crysta)l River Unit 3, 10CFRE0, Appendix R Fire Study.

€. Criteriz Relating to Electrical Circuit Physical Separation and Cable
Tray Loading dated January 24, 1977 (To be superceded by this
criteria).

D, Electrical Design Criteria - Cable Tray and Conduit Fill and Weight
Limitations.

E. CR3 Final Safety Analysis Report, Chapter 7, paragraphs 7.1.1.1 to 4
and 7.1.3.15 and Chapter B, paragraph 8.2.2.11 to 13.

F. Regulatory Guide 1.75, Rev. 2: Physical Independence of Electric
Systems.

G. TEEE 384, IEEE Standard Criteria for Independence of Class 1E Equipment
and Circuits.

H., TEEE 420, JEEE Standard for the Design and Qualification of Class 1E
Contrel Boards. Panels, and Racks Used in Nuclear Power Generating
Stations.

1. 1EEF 690, cable Systems for Class 1E Circuits in Nuclear Power
Generating Station.

J:\PROJECTS\CRE\ECPS\ECPS. . WPF
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RO-306%, Addendum G: Requirement outline for Engineered Safeguards
Actuation Relay Cabinets.

RO-3138, Addendum M: Requirement Outline for Main Control Board, and
Control Cubicle,

Diawing £-214-061, Miscellaneous Cable Tray Details,
Drawing $-520-00] thru 013, Staudard Appendix R Fire Wrapping Details.

Electrical Design “riteria - JOCFRS0 Appendix R Comp)iance Review
Criteria.

Electrical Design Criteria - Cable Ampacity Sizing.
TLEE 384-19XX;: Proposed revision to 1EEE 384-1981, Draft 3.

1EEE Paper 71 TP 83-PWR; Working Group Report for Design and
Installation of Wire and Cable System: in Power Generating Stations
[First draft to IEEE 422. NOTE: This document is committed in FSAR
Chapter 8, fection 8.2.2.12(b)}.

1EEE 422; Guide for the Design and Installation of Cable Systems in
Power Generating Stations.

IEEE Paper 90 WM 254-3 EC; Cable Separation - What No Industry Testing
Programs Show?

IEEE Paper CH2040-4184/0000-0108%01.00; Arcing Fault in Metallic
Cond:it at 120 and 240 volts.

Crystal River Unit 3, Fire Hazard Analysis.

RP-5515-096-1.00-CS, Rev, 0; Engineered Safeguards Actuation System
Electrical Separation Considerations.

Control Board and Relay Rack Enginecred Safeguard Separation (riteria
Report, Rev. 9, May 1975.

[EEE 279-1968: Proposed IEEE Criteria for Nuclear Power Plant
Protection Systems.
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4.  ELECTRICAL SEPARATION
A.  FOR OUTSIOE OF PANELS, CABINETS, AND _RACKS
1) General Considerations

a. Routing Location

Whenever possible, raceways carrying safety-related circuits
shall be routed through non-hazardous or limited hazard
areas.

In non-hazard or limited hazard environment, separation
distances are based on hLazards being limited to fire and
faults or failures internal to the cable. Internal failures
a'e such occurrences as short circuits, open circuits, and
gounds and include raceway interaction during a seismic
event.

Where raceways with safety-related circuits are located in
& hazard area, they shall be analyzed such that the defined
hazard will not cause a common failure of both redundant
safety-related systems. Therefore, the effects of external
hazards such as pipe wnip, jel impingement, water/chemical
sprays, floodiny, radiation, pressurization, elevateu
temperature or humidity and missiles shall be considered.
However, where such a location is unavo.dable, either
protective shielding 15 provided for redundant (lass 1E
raceways or only one Class 1E channel raceway is allowed to
occupy the area.

b. Physical Space and Functional Limitations

The preferred method for achieving independence 1s to
physically and electrically separate redundant systems of
safety-related cables and raceways from each other. Physical
space and functional limitations and considerations may
warrant the grouping of Safety-related and Nonsafety-related
cable within the same raceway. Where this condition occurs,
the specific circuit separation criteria defined in
subsection 4 .A.2 below shall be met.

Exceptions

“

For those cases where the c¢riteria are found to be
impractical or unduly restrictive, relaxation of the

JI\PROJECTS\CRI\ECPS\ECPS WPF
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The recommended separation distances given in Table F are
based or industry accepted installation practices and the
need to reduce noise in analog circuits run in close
proximit  with power circuits.

b. Associated Circuits

Associated circuits as -.efined in Section 2 "Definitions"
refers to nonsatety-related circuits routed along with
safety-related circuits. 1f these associated circuits are
routed 1 cable trays, they shall be given XA or XB
designation and are only permitted by computer program to
route in A, XA or B, XB cable trays These circuits do not
perform a safety function and once a nonsafety-related
circuit has been routed with a safety-related circuit, the
nonsafety-related circuit shall be treated as the same
channel as the sa*ety-related circuit to which it has been
arouped. These associated circuits shall not be routed with
safety-related circuits of a redundant channel [Refer to
subsection 4.A.8 for redundant cable groupings].

¢. Nonsafety-Related Circuits

1. Nonsafety-related circuits shall not be routed along
with safety-related circuits except when defined and
installed as "associated" (Refer tv subsection 4. A.2.b
above) .

i1. Nonsafety-related power cables from redundant
safety-related equipment shall npot be routed in a
common nonsafety-related raceway.

iii. Non-safety cables that are inputted to the cable
routing computer program as 'xx’ shall be run in trays
carrying XA, X, YB, XX with non-safety and associated
cables only. They shall not be run in raceways
carrying safety related cables. Th's dees not violate
separation criteria as a~sociated trays were created to
allow the intersecti.a between safety and non-safety
related trays. (NOTE: CR3 is not licensed to meet the
requirements of [EEE 384 regarding the separation of
asscciated circuits).

Note: There is only one 'XX' designated tray in the plant

which was installed under MAR No. B8-10-2C-01. The
cables in this tray have been reviewed from the CR-3

JI\PROJECTS\CRINECPS\ECPS . WPF
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electrical separation point of view and found
acceptable. However, it is highly recom.ended not
to install XX tray in the plant in the future.

iv. Non-safety cables that are inputted to the computer as
‘X’ shall be only allowed to run in non-safety trays
‘X' and "XX'.

d. Separation by Vo.tage and Cable Type

Circuits shal) be separated by nominal circuit voltage and
cable types and routed within separate raceways as detailed
in Section 5.

€. Vendor Suppilied Cable

Cables classified as EK-X shall not be run in tray unless
acceptable fire propagation as defined by IEEE 383 s
assured when using vendor cable.

Safety-Related Raceway Routing in Hazardous Areas and Comnon fire
Areas

Missile producing or high energy 1ine break areas and common fire
areas should be avoid2d when locating redundant safety-related
raceways whenever possible. However, where such a location is
unavoidable, protective shielding or Appendix "R" fire wrapping
(Reference 10CFRS50 Appendix R Fire Study, Appendix R 213 Series
Drawings and the Fire Hazards Analysis (FHA)), as applicable,
shal)l be provided to assure furctional capability is maintained.

Appendix R fire barriers shal)l be installed usina the typical fire
wrapping construction details shown on drawings $-520-001]
through -013. To determine i1f a raceway requires Appendix "R"
protection, refer to electrical design criteria - 107FRS0
Appendix R Compliance F.vie Criteria - Reference 3.N.

Separation Barriers

Separation barriz»s (non-Appendix R application) can be used as
follows when th. .eparation distances cannot be maintained:

a. Rigid, flexible metallic conduit and armored able are
considered barriers. When these are used as a barrier, the
minimum separation distance shall be as Jdefined in Tables C
and £ for conduit.

JIA\PRDJECTS\CRI\ECPS\ECPS . WP
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Separation barriers for cable tray shall be &s showh per
Drawing £-214-06] to maintain the acceptable separation
dirtance and structural and mechanical integrity of the
cable tray and supports.

The use of asbestos materials for separation barriers is not
allowed, [xisting “nstallations using asbestos need not be
yoplaced; howeve' .  nev  installatiors or  individual
replacements «hoyld utilize a noi-combustible asbestos free,
mineral fiber material ar shown on Drawing [-214-06).

Metal Square "D" Duct 1s considered a barrier. When these
are used as a barrier, the minimum separation distance shall
be as defined in Tables € and £ for conduit.

d. The meta) enclosures of the panel or cabinet. When these
are used as a barrier, the minimum separation distance shyll
be as defined in Tabiles C and [ for conduit,

e. CR-3 approved wraps/sleeves as separation barriers (to be
identified later).

Permanent Markings

a. Raceways shall be identified vsing permenent markings. The
purpose uf such markings is to facilitale cable routing
identification for future modifications or additions. Refer
to applicable maintenance procedure for details.

b. The permanent identification of cables and conductors shall
be made at the terminal points, Refer to applicable
maintenance procecure for details,

¢. The color coding for permanent markers for raceway and
cables 15 shown on Table A,

splices

Cable Splices within raceway, except for specifically identified
splice hoxes, is not allowed,

Channel Separation

Refer to Table A for channels requiring separation,

JIAPROJECTE\CRANEL S\ECHS. Wi




/ ELECTRICAL DESIGN
CRITERIA

ELECTRICAL CIRCUIT PHYSICAL SEPARATION
AND CABLE TRAY LOADING



/

ciomen | ELECTRICAL CIRCUIT PHYSICAL SEPARATION

DEFARTMEN"

ELECTRICAL DESIGN Page 16 of 45
CRITERIA

Revision
AND CABLE TRAY LOADING e

B.  FOR_INSIDE 1€ PANELS, CABINETS AND RACKS
1) General Considerations

a,

Physical separation of redundant circuits, device., and
components 15 to be provided within sections of Class 1E
panels, cabinets and racks listed in section 1.0 so that no
single credible event as defined in the FSAR can prevent the
proper functions of the safeguard or protection systems as
identified in JEEE 279-71.

Enginerced Safeguard channel circuits for safe plant
shutdow are defined as those circuits which run separately
to form two redundant actuation trains. "A" train which is
color coded red and must be separated from the "B" train
which 15 color coded green. Likewise, the "B" train which
16 green is similarly separated. The AB actuation which is
yellow, 1s not @ train but a combination of A and B trains,
efther of which causes an AB actuation. The AB actuation
must be kept separate from the A & B channel and trains
except at the point of crigin where reasonable isolation 1s
required.

Inside a Class }f panel, cabinet, or rack separation is
required between the separation groups defined in Table B,

Whenever a case arises in which there 1s a question as to
whether the separation criteria has been satisfied, the case
will be resolved by Nuclear Engineering via REA.  Some
examples would include:

i. Any cable running between the RPS, ES, or EFIC cabinets
or 1internal wiring for these cabinets where 1two
different color wires terminate on the same aevice,
with one or more of these colors indicating Class 1
wiring.

i1. Cases when a non-Class 1E circuit 1o reassigned as a
Class 1f circuit or vice verse.

ifi. Any unusual wiring problems such as control switches
and ‘elector switches which are in circuits operated
from a power source different from the indication,
or switches containing power feeds different from
the indicating lights.

JOAPROJECTS\CRIVECPS\EDPS , WPF
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d. For those cases where the criteria are found to be
impractical or wunduiy restrictive, vrelaxation of the
requirements may be considered and exceptions to specific
requirements may be approved. Nuclear Engineering must
review deviations and exceptions to determine whether they
are acceptable., The exception shall be adequately justified
and included in Attachment | of these design criteria,

Internal Wiring Color Code

Wiring fuside Class JE cabinets lisies in section 1.0 shall be
identified by use of color coding as described in Table B. Under
special circumstances where the entire cabinet 1s of one
separation group, the cabinet may be designated as that channel,
and internal color codes do not need to be applied. The internal
wiring drawings for Class 1E cabinets shall be marked to show wire
color codes at devices or terminal boards. Gray wire will not
show an identification color code.

g tign Dist  Bar
a. Components and Wiring

Class 1E redundant components and wiring should be separated
to the maximum practical distance in the cabinets in which
they are located. The minimum separation distance between
redundant (lass 1f components and wiring, and between
Class 1f to Non-Class 1E components and wiring shall be
6 inches (Ref, Table D). Exceptions to this requirement are
control board dua)l indicators, non-class 1f low energy
circuits, terminations on devices and Engineered Safeguards
Actuation and Channel Cabinets. (Refer to subsection
4.B.3.b below and Appendix 3). Separation by distance is
the preferred method to be considered for a given design,

For inside Class If cabinets, 1t is acceptable to have
Non-Class 1E wiring not separated icom Class 1E wiring or
associated wiring by the minimum separation distance of
6 inches or by a barrier as long as Non-Class )E wiring or
cable is not routed with redundant Class }f wiring and/or
its associated circuits.

Components shall be located to maintain this minimum
separation requirement, In the case where a Jevice is in a
group or surrounded by redundant wiring or devices 11 may
not be possible to maintain this distance. ]f _the minimum

J:\PROJECTS\CRI\ECPS\ECPS . WPF
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air_space separation distance cannot be maintained. @
mmummmmm.mmuﬁmmm‘_wnﬂf
regquiring separation. Barriers for use within Class |

i1,

iv,

T
cabinets are:

A single sheet of 16 gauge (minimum) metal separated by
at least one inch air space between the nearest
Class 1f component or wiring. Where one inch of air
space between Class If components cannot be achieved,
a fire retardant material equivalent to one inch of
free air space shall be attached to the metal sheet
which: (1) extends at least one inch beyond the edge
of the larger device or wire bundle: or (2) where the
difference in device depths 1§ six inches or greater
extends at least one inch beyond the edga ef the small
dev.ce (Refer to Figures 1, 2 and 3). For new
construction or modifications, a barrier with fire
retardant material attached is recommended.
Non-Class 1E components or wiring may be adjacent to
the barrier (Refer to Figure 4A or 4B).

Two sheets of 16 gauge metal (minimum) separated by a
minimum of one inch air space between the metal pieces
which: (1) extends at ieast one inch beyond the edge of
the 1yrger device or (2) where the difference in device
depths is six inches or greater extends at least one
inch beyond the smaller device. Refer to Figures 1, 2
and 5.

Rigid or flexible metallic conduit shall be
considered a barrier. When conduit 15 used as a
barrie-, the minimum separation distance between
conduits shall be as defined in Table D.

Crossover of redundant Class 1f circuits shall be
enclosed in conduit for a length of Lix inches on
either side of the crossover point or a barrier shall
be installed. Crossover situations will be avoided
wherever possible.

Specifically designed cabinets/components with more than one
redundant (lass 1E channel entering shall have barriers to
effectively create separate channels (e.g., reactor trip
switch, RC pump power monitor).

J1\PROJECTS\CRI\ECPS\ECPS . WPF
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i. Control Board Indicators - Devices such as electronic
indicators which have & power Source separation
requiement different from the associated signal shall
have the field cables terminated on their respective
te w8 boards according to the separation criteria
. 're  erein  The power side shal)l be jumpered to
t rorcelt 4ayd .nt to the signal circuit terminal,
Th. taiid ¢ - ductor cable to the device shall be
tern. . a 4t that point. (Reference Figure 6).

Accordinn w0 the design criteria 4.68.3.a, redundant
Class 1E or Non-1f circuit routed with C(lass 1E of
redundant divisions shall not be run 1in a common
multiconductor cable. However, based on analysis performed
in Appendix 1 of this document, the use of multiconductor
cables with different separation groups for Bailey RY
indicators 15 acceptable.

11. Non-Class 1E Low Energy Circuits - Incoming field cable
entering cahinets shall satisfy the criteria of
Section 4. B.4. The only exceptions to these criteria
which will be allowed will be annunciator/events
recorder and RECALL circuits, Due to the very low
energy levels in these circuits, it is nolL probable
that faults will be transmitted back =to two different
trains. Consequently, the following rules shall apply
exclusively to these circuits, which are all identified
either by having a "K" in the third letter of the
circuit number (e.g. AHK-296) or by having "EMR" as the
letter prefix of the circuit number. [Refer 1to
Appendix 2 for Circuit Number 3rd Letter Code].

° EMR and "K" circuits running in non-Class 1E trays
entering safety related cabinets  through
non-Class If openings will be allowed to ron
internally to the cabinet with either C(lass 1t
train A or train £ wiring but not both.

. EMR and "K' circuits ruuning in Class 1€ trays
entering the control board through Class 1E floor
openings will be allowed to run with non-Class 1f
circuits internal to the control room.

. "K" circuits below and adjacent to holes 29 through
35 and 135 for the events recorder will be allowed

JI\PROJECTS\CRI\ECPS\ECPS . WP/
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to run through holes 29 through 35 and 135 without
requiring separation,

For detail analysis refer to Appendix | of this
document .

141, Terminations on Devices « For circuits that reguire
separation and which terminate on the same device,
the separation of the wiring may be Jless than
6 inches prov.ding the following practices are
followed:

a. On small devices such as grouped indicating r.ghts,
selector switches, dua) indicitors or relays, the wires
to be separated should be brought to the terminais from
different directions to achieve the maximum possible
separation,

b, The minimum wiring separation shall not be less than
the distance between the terminals,

¢. Where possible an extra stage should be added to the
switch or a barrier inserted between stages.

d Thermocouple wires run directly to the device and do
not terminate on intermediate terminal blocks.

¢. Mounting on Barriers

Components and wiring shall not be physically mounted on
barriers,

d. Barrier Materials

The use of asbestos materials for installation cf new
separation barriers is not allowed. Existing installations
need not be replaced. However, new installation or
individual replacements of existing barriers must utilize a
non-combustible, asbestos free, mineral fiber material. The
following are considered as suitable fire vretardant
materials.

i. Babcock and Wilcox - M-Board

1. Johns Manville - Marinite

JOAPROJECTEACRI\ECPS\ECPE . WPF
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1141, Other equivalent materials as specifically approved
by Nuclear Engineering.

CR-3 approved wraps/sleeves as separation barriers (to
be identified later).

To finsure that & barrier design using firve retardant
materia: will be constructable, the thickness of the
material shall be considered in the desig For barrier
details, see drawings £-201-182 thru -184,

wiring separation, Circuits fdentified by() on 210-series
internal wiring drawings indicates teflon sleeving
installed. The cases with teflon installed prior to
April 1974 were reviewed and determined to satisfy the
criteria without reliance on additiona)l qualities added by
teflon sleeving. Teflon sleeving ]h]ljﬁjuﬁ be used to
maintain separation 1f these circuits are rerouted or
relocated,

Teflon sleeving 15 not an acceptable m.tori& for safeguard

Incoming Field Cables

Cable Entrance/Terminations

Separate cable entrances, wireways and terminal points shall
be provided for:

redundant Class 1f and associated circuits
Non-Class 1f circuits,

Incoming cables from the field arrive at the Class 1f
cabinets either by tray systems or in conduit., The control
room on elevation 145'-0" has floor openings through which
cable can enter the relay racks or Main Control Board. For
floor opening assignments of incoming cables to this
elevation, refer to 201-156, 201-310 and 224-103 series
drawings. The EFIC and relay rooms on elevation 124'-0"
also use floor openings for cable access to C(lass 1t
cabinets. Where floor openings are used, the opening shall
te considered equivalent to a canduit or channel opening.

Barriered floor openings are to be wused to maintain
separation through the floor into the control boards, panels
or relay racks.

JI\PROJECTS\CRI\ECPS\ECPE . WP
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o Llass 1L ang Asseciated Circuils

(1) Class 1L cables entering the control board or relay
rack from a tray or through a conduit of a specific
engineered safeguard train (A, B or AB) or reactor
protection channel (I, 11, 111 or 1V) shall enter
through an opening dedicated to that channel and
maintain the same internal separction. Non-(lass 1€
cables run in Class 1E trays (associated circuits)
shall be bundled with the Class It cables of that
channel. The cables shall retain their respective
separation group identification at the cabinet
opening and at the terminal points.,  Separation
internal to the control board or relay rack
(including the opening) shall comply with 4.B.3,

(2) Class If cables of a particular channel or
associated circuits shall terminate only on terminal
boards or components associated with that train or
channe! and shall be separated from the terminal
boards of redundant trains/channels and Non-Class 1E
channels as noted in 4.B.3.

Where this separation becomes impractical, a barrier
shall be installed on the terminal board or 6 inch
distance shal) be maintained between terminals used for
circuits of redundant trains/channels and Non-Class 1E
channels.

i1, Nen-Class 1E Circuits

Non-Class 1E cables shall enter Class IE cabinets via
noh-Class 1f  raceways physically separated from any
engineered safeguard train or reactor protection channel
and shall be terminated on Non-Class 1f terminal boards
physically separated or barriered from terminal boards
containing Class 1€ circuits. Exceptions to this are the
non-class 1t Tow energy circuits (Refer to
Subsection 4.B.3.b(11), Generic Deviation),

JINPROJECTS\CRI\ECPE\ECPS , WP)
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5) lsplation

flectrical isolation methods shall be wused to maintain the
independence of redundant circuits such that required safely
functions can be accomplished. This electrical isolation shall
be achieved through the use of Class 1f isolation devices applied
to the interconnection of:

Class 1L and Non-Class 1t
Associated circuits and Non-Class 1f circuits, or

Class 1f logic circuits of redundant channels. (Reference
Figures 7, 8, and 9.)

Any device used for 1solation shal) be qualified for its intended
function and shall be considered & part of the (lass J[ system,

i Devices

Isolation devices must be demonstrated by a product class
test that -

the maximum credible voltage or current transient
applied to the device’'s Non-Class 1f side will not
degrade the operation of the circuit connected to the
device’'s Class Jf or associated side below an
acceptable level, and

shorts, grounds or open circuits occurring in the
Non-Class 1€ side will not degrade the circuit
connected to the Class 1f or associated side below an
acceptable level,

The following devices when properly applied and qualified
can be used for isolation:

i, Amplifiers

1. Control Switches

i11.  Fiber Optic Couplers
v, Photo-optical Couplers

v, Relays

JIAPROJECTS \CRI\ECPS\ECPS . WPF
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vi, Transducers

vit. Power Packs

viii, Current Transformers
ix. Circuit Breakers
Fuses

Fuses may be used as an isolation device to isolate Class 1f
circuits from Non (lass 1E circuits if the requirements in
subsection 4 .B.5.a and the following additional requirements
are met:

i, fach fuse shall be tested (1.e. resistance measurement
to verify overcurrent protection as designed).

f1. Fuses shall provide the design overcurrent protection
capability for the life of the fuse.

i11. The fuse time-overcurrent trip characteristics for all
current faults shall cause the fuse to open prior to
the initiation of cpening of any upstream interrupting
device.

iv. The power sources shall be capable of supplying the
necessary current under fault conditions to ensure the
oroper coordination without loss of function of
Class 1f loads.

Note:

fuses shall not be used to isolate redundant channeis,
i.e. Channel A & Channel B.

Terminal Wiring

The separation of the wiring at the input and output
terminals of an isolation device may be less than six inches
provided that it is not less than the distance between the
input and output terminals,

JEAPROJECTS\CRI\ECPS\ECPS. WPF
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5. CABLE_TRAY LOADING

£900 Volt Power Circuits Cable Tray

1) No other type of cable other than BKV cable shal) be routed
in the same tray with 6900 volt power circuits cable.

2) There shal) be only one layer of cable in  tray.

4160 Volt Power Lable Tray

1) No other type of cable other than 5KV cable shall be routed
in the same tray with 4]60 volt power circuits cable,

2) There shal)l be only one layer of cable in a tray.

480 Volt. 120 V¥olt AC and 125 Volt DC Power Circuits Cable Tray

1) No other type of cable other than 600V or 1KV cable shall be
mixed in the same tray carrying 480 volt, 120 volt AC and
125 volt dc power circuit cables.

2)  Tray loadings of 50% maximum physical fill is the design
objective, However, 1in certain areas where physical
limitations govern, the tray fill may exceed 50% In all
cases, however, thermal loading shall be considered based on
the derating factors for 40°C and 50°C ambient temperatures.
(Refer to “flectrical design Criteria - Cable Tray and
Conduit Fi11 and Weight Limitations" for specific guidance -
Reference 3.0 and Electrica) Design Criteria - Cable Ampacity
Sizing - Reference 3.0).

120 Yol AC and 125 Volt DC Control Cable Tray

In general, control cable tray loading of 50% maximum physical
fi11l 15 the design objective. However, in certain areas where
physical limitations govern, the cable fill may exceed 50% In
all cases, however, therma)l loading shall be considered. (Refer
to "flectrica) Design Criteria - Cable Tray and Conduit Fill and
Weight Limitations" for Specific Guidance - Reference 3.0.)

NOT: 480 volt, 120 volt AC and 125 volt DC power cables
sized No. B8 AWG and smaller may be placed within
control cable trays.

JIAPROJECTS\CRI\ECPS\ECPS WhF
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£, Instrument Cable Tray

1)  In general, instrument cable tray loading of 50% maximum
physical fi11 is the desiygn objective. However, ‘n certain
areas where physical limitations govern, the cable 1) may
exceed 50%. (Refer to "flectrical design Criteria - Cable
Tray and Conduit Fill and Weight Limitations" for specific
guidance - Reference 3.0.)

2) There shall not be other types of cables mixed with
instrumentation cabling except alarm, telephone, low level
paging circuits and low energy inputs to computer,

6. CABLE AND WIRL APPLICATIONS

A, The application and routing of power, control and instrumentation
cables shal) be such as to minimize their vulnerability to damage
from any source. A1) cables shall be selected using conservalive
margins with respect to their current carrying capabilities,
insulation properties and mechanical construction.

Cable ampacity with respect to various installation conditions
such as routing and environment temperature shall be determined
in accordance with the flectrical Design Criteria - Cable Ampacity
Sizing (Reference 3.0).

Powe: cable insulation shall be rated 90°C. The cable jacket may
be made of neoprene or Hypalon, The cable may also }  an
overall interlocked armor for additiona)l mechanical protecy . or
for non-flame retarding purposes. Interlocked armor 1§ acce, .able
as a barrier for separation purposes. However, interlocked armor
cable shall not be used in the Reactor Building in order tc
minimize the quantity of 2inc so as to avoid problems with
chemical spray.

Instrumentation cables shall be twisted and shielded as
appropriste to minimize the effects of induced voltage and
magnetic interference,

B. Wire and cables that are classified as Class 1E shall be routed
and installed to maintain the integrity of their redundant trains
or channels 1n accordance with the requirements of Section 4 A and
4.B of this ¢criteria.

Wire and cables shall be permanently marked (color coded) in
accordance with Sections 4 A5 and 4.B.2.

J 1 \PROJECTS\CRI\ECPS\ECPS . WPT
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NOTES:

An air gap (minimum 1/16") to minimize heat transfer between the conduits. Conduits may have © inch
separation at condulet bodies only.

An air gap {minimum 1/16") to wmirimize heat tramsfer between the tray/cable to conduit.

' Measured between centers.

All spacings shown are edge to edge of the raceway/cable and do met include attachment hardware.

If the two circuits are of a3 different voltage level, the more stringent separation criteria shall
apply. Circuit spacing should also take into account installation and electrical muise concerns (Refer
to Section 4.A.2.c.)

(REF. SECT. 4.A.2.14)
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Jg= to
Edge iow Energy Contrel
Spacing’ ]
Component to
Component or
Comp. To
Wire/Cable or .
Horizontal 6 inch 6 inck
Cable to Cable | Vertical 6 inch 6 inch
Wire to Wire
or
Wire to Cable
Conduit te Horizonial 0 inch 0 inch
Conduit Vertical 0 inch 0 inch
Conduit to Horizontal 2 inch Note 1, 2
Cable/direway/ Vertical 0 inch 1 inch,
Wire Note 7
NOTES:
‘ An air gap (minimum 1/16") or an insulating barrier to prevent thermal conductivity between the
conduits.

: if wireways are enclosed, the wireway is considered an enclosed raceway and 15 equivalent tc 2 conduit
(enclosed raceway).

. A1l spacings shown are edge to edge of the raceway/cable and do not inciude attachment hardware.

(REF. SECT. €.8.3.a)
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NOTES:

]

separation at condulet bodies only.

- Measured between centers.

apply.

(REF. SECT. #.A.2. a.ii)

An air gap {inimum 1/16"} to minimize heat transfer between the conduits.

An air cap {minimum 1/16") to minimize beat transfer between the tray /cable to conduit.

Cornduits may have 0 inch

All spacings shown are edge to edge of the raceway/cable and do not inciude attachment hardware.

If the twe circuits are of a different voltage levei, the more stringent separation criteria shall
Circuit spacing should aiso take into account instailation and electrical moise comcerns
{Refer te Section 8 .A.2.c.)
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Horizontal Vertical
| Tray to Tray 6" (Note 2) 3" {(Note 1)
Tray tc Conduit 1" 1"
Conduit to Conduit 1" 1"

NOTES:

close proximily with power circuits.

The distance between the adjacent sides.

{REF. SECY. 8. A2.2 ».181)

The recommended separation distances in above 13ble are lo min‘mize noise

The distance between the bottom of the upper tray and top of the lower tray.

n analog circaits run in
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FIGURE 2
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NOTE:

1. There is no minimum
dimension for *A* where
thermal insulation
material is used in the
barner.

2. In the case where a
component is in a
group or surrounded by
components o wire of
a different separation
channel, an enclosed
box can be used to
midi tan the required
separation.



WHEN BARRIER 18 NOYT CONTINUDUS
THE SUM TOTAL OF THESE DIETANCES MUSY
BE 6 INCHES OR GREATER

h\Vghvd

FEDUNDANT CLASE

¢ £ WIRIN
i de O — " WIRING

AR GAP .J L AR GAP
1 INCH 1 INCH
/ MINIMUM MINIMUM

FIRE RETARDANT BARRIER 16 GA (MINIMUM) SHEET METAL
(REF. SECT4.B.3.a)

FIGURE 3

Page 38 of 45



N

HiN

W

N

ML

SECT. 4B3al)

FIGURE 4A

(REF




e ———————————.

i EWw » L
NO# s F WiININ
" ,‘ \ ‘
- ‘.‘
4 \
_— \
" * 4 \
GEVARATION | \
|
REQUIRE { | \
! | \
\ } { o
- | \ ¥
\ | | \
MARINITE BOARNI ] | : BAS N
FuUs THILCKNES \‘

BE DETERMINEL

ATES ‘ '
" FIRE RETARDANT BARRIER 16 GA (MINIMUM HEFET METS

(REF. SECT.4.B.3.a.1)
FIGURE 4B

D




CAUTION DO NOT USE TH'S CONFIGURATION FOR NEW
INSTALLATIONS SINCE ASBESTOS MATERIAL I8
NO LONGER ALLOWED 10 USE

1/8 THIOK
ASBESTOS TAPE

i B

NOTE: This figure is tor information
enly 10 show some of the
exivting plant configurations
CLASS 1€ WIRING ey K CLASS 18 OR
//' b L B NON-CLASS 1E WIRING
NO
CEPARATION
REQUIRED
NO SEPARATION REQUIRED

FIRE RETARD ANT BARRIER 16 GA (MINIMUM) SHEET METAL

FIGURE 4C
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WHEN BARMIER I8 NOY CONTINUOUS,
THE SUM TOTAL OF THESE DISTANCES MURT
BE 6 inches OR GREATER

REDUNDANT CLASS 1§
WIRING O NON-1E WIRING

CLASS 1E WIRING
\

NO AIR GAP REQUIRED NO AIR GAP REQUIRED
FIRE RETARDANT BARRIER -J L FIRE RETARDANT BARRIER
16 GA. (MINIMUM) SHEET METAL 16 GA. (MINIMUM) SHEET METAL

L— AIR GAP 1 Inch MINIMUN

(REF. SECT. 4.B.3.0.l)
FIGURE 5
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(REF. SECT. 4 B.3.b.)

FIGURE 6

Page 43 of 45




RELAY ISOLATION

----q---oq--l

TO IE DEVICE TO NON IE
OR SYSTEM DEVICE OR
SYSTEM

(REF. SECT. 4.B.5)
FIGURE 7
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TRANSMITTER POWER SUPPLY e (0

BISTABLE * 1E OR ASSOCIATED
-
ISOLATION
! NON-IE
TO NON-IE
DEVICE OF SYSTEM
(REF. SECY. 4.B.5)
FIGURE 8
13
TRANSMITTER POWER SUPPLY - S A
13
BISTABLE * 'E OR ASSOCIATED ONE skuson
CHANNEL.
iE
v
ISOLATION ISOLATION A
; f ACTUAT'ON
Y Y Y Y Y Y CHANNELS
‘ -
2/4 LOGIC 2/4 LOGIC v
DIVISION A DIVISION B
FIGURE 9 (REF. SECT. 4.B.5)
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2.3 LOW VOLTAGE POWER CIRCUITS

Low voltage p~«= circuits are those that satisfy the definitions
found in Section 2.0 of the Design Criteria. For CR3, these are the
480V AC, 250V DC, 125V DC and 120V AC power cables.

2.4 MEDIUM VOLTAGE POWER CIRCUITS

Medium voltage power circuits are those that satisfy the d.finitions
found in Section 2.0 of the Design Criteria. Ffor CR3, thesr are the
6900 and 4160V power circuits. (The 6900V power circuits are all
non-1L.)

3.0 SEPARATION DISTANCES FOR KEDUNDANT 1E EXTERNAL RACEWAYS AND CABLES

This section provides the justification for the separation distances
shown in Table C for redundant 1E raceways and cables external to
panels.

3.1 1E CONDUIT TO CANDUIT SPACING
3.4.1 Low Energy Circuits

Should a low energy circuit fail, there will be insufficient fault
current to heat the cable to a temperature which will damage or
ignite the cable. Therefore cables in a redundant conduit that
touch the conduit with the faulted cables will not experience
degradation from heat transfer such that they will fail to perform
their safety function.

A conduit to conduit spacing of O inches is acceptable for circuits
defined as low energy based on the above justification.

3.1.2 gontrol Circuits and Low Voltage Power Cables Less Than or Equal to
00 MCM

“.e coacern relative to conduit spacing is that the heat due to
failue of a cable in one conduit is not transferred to cables in
anotter conduit such that its cables are degraded to a condition
that they are unable to perform their safety function.

The results of industry testing to determine distances needed to
meet cable separation have been compiled in an IEEE paper entitled
“Cable Separation - What Do Industry Testi j Programs Show?" (Paper
No. 90 WM 254-3 °C presented at the 1EEE/PES 1990 Winter Meeting).

J A PROJECTE\ORG |\ ECPS\APPENDD | WPF



/ ELECTRICAL DESIGN
’ CRITERIA
ELECTRICAL C!RCUIT PHYSICAL SEPARATION
AND CABLE TRAY LOADING

DRAFT
W
L4
[}
Low Voltage Power Cables Greater Than 500 MCM and A1)l Med
Lapie
1
Wi M
v ! Wa
» M
[ Lwi
W Ow "
L



/ ELECTRICAL DESIGN
CRITERIA

ELECTRICAL CIRCUIT PHYSICAL SEPARATION
AND CABLE TRAY LOADING

\ DRAFT




/

ELECTRICAL
DEPARTMENT

ELECTRICAL DESIGN
CRITERIA

ELECTRICAL CIRCUIT PHYSICAL SEPARATION | . .0

AND CABLE TRAY LOADING
DRAFT

T A T U o B B T B 2 ey s e e

Page & of 12

Date 9-13.91

for conduit to conduit spacing “or low energy circuits in
Section 3.1.1.

3.2.2 Control Circuits

The test results in the IEEE paper noted in Section 3.1.2 of this

Appendix are for power cables.

The test results for the power

cables are overly conservative for determining control circuit

separation reguirements.

Control cables do not have the high fault

energy available as do power cables since they have smaller power
sources (less kVA and higher impedance), smaller conductor size
(higher circuit impedance) and overcurrent protection generally
limited to 15 Amp fuses or breakers,

The test results in the IEEE paper state that fer the conduit to
cable tray configuration, the one test performed with a 0 inch

horizontal separation was successful.

The test results for the

onduit to cable in free air configuratien showed all tests were
successful for horizontal separation distances between 0 and 1 inch.

The test results in the 1EEE paper noted in Section 3.1.2 of this
Appendix state that for the conduit to cable tray configuration, six
tests performed with a vertical separation between 0 and 1 inch were
The test result: for the conduit to cable in free air
configuration showed all tests were successful for a vertical
separation distance of 0 inches.

successful.

Given the fact that control circuits have more fault current
available than low energy circuits, a separation distance greater
than 0 inches would be appropriate. However control circuits have
less fault current available than low or medium voltage power cables
and therefore a separation distance less than | inch would be
appropriate (see the following Section 3.2.3 for low and medium
voltage power cable separation distances).

To break conductive heat transfer between the faulted cable in a
conduit and the tray/cable, a visible air gap or an insulat.ag
barrier to prevent the conduit having O inch separation with the

tray/cable should be used for horizontal spacing.

To break conductive heat transfer between the faulted cable in a
conduit and the tray/cable, and to minimize heat transfer to a
conduit if cables are run beneath a conduit, a conservative
separation distance of 1 inch should be used.
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A horizonta)l spacing being a visible air gap or a barrier to prevent
the conduit having O inch separation with the tray/cable and a
vertical spacing of 1 inch is acceptable based on industry testing
to date and the above justification.

Low Voltage and Medium Voltage Power Cables

As noted in the previous Section 3.2.2, the test results in the [EEE
paper state that for the conduit to cable tray configuration, the
one test performed with a 0 inch horizontal separation was
successful. The test results for the conduit to cable in free air
configuraticn showed all tests were successful for horizontal
separation distances between 0 and 1 inch. The paper recommends a

1 inch horizontal separation for conduit to trays in a non-hazard
area and 1 inch horizontal separation in all areas for conduit tu
cable in free air.

Also as noted in the previous section 3.2.2, the test results in the
IEEE paper noted in Section 3.1.2 of this Appendix state that for
the conduit to cable tray configuration, six tests performed with a
vertical separation between 0 and 1 inch were successful. The test
results for the conduit to cable in free air configuration showed
all tests were successful for a vertical separation distance of

0 inche:. MHoweve: for certain test cases with 0 inch separation,
the testea cable’s jacket was damaged. For one test the jacket was
severely damaged.

Ancther 1EEE paper addresses tests done on faulted power cables in
conduits (Reference T). The paper states that if the conduit becomes
a ground return path for the fault current, the conduit ray heat up
to the point that a combustible material touching the conduit could
ignite. Therefore a cable having 0 inch separation with a conduit
that has a faulted power cable may be damaged to the point of
becoming inoperable. To assure the cable remains functional, there
should be separation between the cable and the zonduit. No specific
value was provided in this paper. It is recommended that 1 inch be
used in accordance with the recomrendation provided in the [[EE
paper noted in Section 3.1.2 of this Appendix.

No specific tests were run for meaium voltage cables, Given the
high energy (fault currents) available for the tested low voltage
power cables, the test results for medium voltage cables are
expected to be similar to those for the low voltage power cables.
This is based on the test method used to determine the worst case
cable/current combination as previously defined in 3.1.2 of this
Appendix.
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