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Philadelphia Electric Company1.0 CUSTOMER

2301 Market Street, Philadelphia, PA 19101
ADDRESS

Terminal Blocks and Panel Meters
2.0 TEST SPECIMEN

As described in Section 5.0
3.0 MANUFACTURER

4.0 SUMMARY

Representative terminal blocks and panel meters were subjected to a test program to verify)

adequacy of separation between redundant Class 1E systems and between Class 1E and non-
Class 1E electrical systems in representative configurations as installed M the Limerick
Generating Station, Units 1 and 2.
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4.0 SUMMARY (Continued) ,

4.1 This document has been prepared by Wyle Laboratories for the Philadelphia
Electric Company as an Addendum to the Design Verification Test Report,
" Internal Panel Control Wiring Separation Criteria," Philadelphia Electric Com-
pany Report No. 48503, dated September 1,1982. This Addendum documents
insulation resistance and overcurrent test data for terminal block specimens. In
addition, accuracy tests and overcurrent/overvoltage tests for panel meter
specimens were performed during this program.

4.2 The test program was conducted as specified in Reference 8.1. t

4.2.1 The terminal block specimens were subjected to the test in the sequence listed
below:

.

o Test Specimen Preparation

o Baseline Functional Test

o Overcurrent Test

o Voltage Breakdown Test

o Post-Overcurrent Test Functional Test

4.2.2 The panel meter specimens were subjected to the test in the sequence listed
below:

.

o Test Specimen Preparation

o Baseline Functional Test

o Overcurrent/Overvoltage Test

o Post-Overcurrent/Overvoltage Functional Test

442.3 The test results and support documentation are presented in the following
sections of this report:

o Section I - Test Programs, Terminal Blocks
o Section II - Test Program, Panel Meters
o Section III Wyle Laboratories' Test Procedure-

No. 46960-2, Revision A

1

WYLE LABORATORIES
Huntsville Facility



|

Paga No. 3 '

Test Report No. 46960-4

I

510 TEST SPECIMEN DESCRIPTIONS
l

The following table contains a listing of the test specimens: j

!Item No. Description
,

1.0 General Electric CR151D70110 Twelve Point Terminal Block
2.0 General Electric CR151B6 Six Point Terminal Block
3.0 General Electric CR151A2 Terminal Block
4.0 Kulka Ten Point Terminal Block (GE PPD #137C6387P010)
5.0 Marathon 1600 8-Point Terminal Block
6.0 Cutler Hammer C381ST Terminal Block
7.1 Buchanan NQB Terminal Block (Heavy Duty)
7.2 Buchanan NQB Terminal Block (Medium Duty) -
8.0 Weidmuller SAK 4 Terminal Block
9.0 General Electric Model 180 Edgewise Panel Meter (#1)

10.0 General Electric Model 180 Edgewise Panel Meter (#2)
11.0 General Electric Model 180 Edgewise Panel Meter (#3)

!

6.0 PURPOSE

Philadelphia Electric Company (PECO) performed a series of tests during 1981 to
determine the separation criteria to be applied for internal panel control wiring
at its Limerick Generating Station. IEEE Standard 384-1981, Section 6.6.2,
allows the use of other than six inches of spatial separation if a lesser distance
can be shown to be adequate by analysis or test. This report documents the
testing performed on a representative sample of terminal blocks and GE
Model180 Edgewise Panel Meters to justify the separation criteria that are
being used in the wiring of the Limerick control panels.

6.1 Assumptim of Failure Modes

6,1.1 Terminal Blocks

The majority of the cables terminating on the terminal blocks to be tested are
Size 14 AWG. Reference 8.3 showed that for Size 14 AWG conductors, the
maximum current which was carried continuously was 90 amperes and that the
conductors failed open when energized with 100 amperes.

In order to verify that adjacent terminal points on a terminal block provide
adequate electrical separation, it must be demonstrated that on an overcurrent
condition the Size 14 AWG conductors fail prior to degradation of the terminal
block. To verify this, a terminal point must be capable of carrying 100 amperes
continuously without degradation of a circuit, on an adjacent terminal point.

WYLE LABORATORIES
Huntsville Facility
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6.0 PURPOSE (Continued)

6.1.2 Panel Meters

The Limerick design includes panel meters mounted side by side with no physical
separation. The internal circuitry of the GE Model 180 Edgewise Panel Meter
requires performance of both overvoltage and overcurrent tests to demonstrate
the adequacy of the Limerick design.

As discussed in Reference 8.3, page 7, it can be postulated that a cable
connected to a panel meter could become energized with 480 VAC. Therefore,
overvoltage tests applying 480 VAC minimum to the meter in both common mode
(voltage applied with meter terminals jumpered together) and differential mode

.

(voltage applied across meter terminals) must be performed. '

Reference 8.3 also demonstrated that worst case overcurrent conditions will
exist when the magnitude of the current is just below that which will cause the
meter circuitry to open. This condition would transmit the most heat to an i

adjacent panel meter. A range of current levels from 10 times to 250 times
maximum meter input were chosen to demonstrate this condition.

\

l

{
WYLE LABORATORIES

Huntsville Facihty
1

_ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _



W

Paga No. 5
Test Report No. 46960-4

1 7.0 CONCLUSIONS

7.1 Terminal Stocks

It was demonstrated that with 100 amps of alternating current applied through a
terminal point for 20 minutes there was neither interference with nor
interruption of a 10 amp alternating current signal applied to an adjacent
terminal point. In addition, with a difference in potential of 4,000 VAC applied
between two adjacent terminal points, there was no evidence of insulation
breakdown or flashover.

It is therefore concluded that a single-point terminal barrier provides adequate
electrical separation, during electrical fault conditions, between redundant
Class 1E electrical systems or between a Class 1E and a non-Class IE electrical
system.

Table I summarizes the results of the testing performed on nine different
terminal blocks tested during this program.

7.2 Panel Meters

It was demonstrated by the test that the application of the following signals to a
GE Model 180 Edgewise Panel Meter will not in any way affect the indication of
another GE Model 180 Edgewise Panel Meter adjacent to and in contact with the
first meter:

o 200 mA at 2 VDC (10 times the maximum meter input)
o 2 A at 20 VDC (100 times the maximum meter input)

5 amps at 50 VDC (250 times the maximum meter input)o

o 125 VDC

o 600 VAC

t

It is therefore concluded that adequate electrical separation exists when two (2)s

GE Model180 Edgewise Panel Meters are in contact with each other during the
application of any credible electrical fault at the Limerick Generating Station
Units 1 and 2.

WYLE LABORATORIES
Huntsville Facihty
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8.0 REFERENCES

8,1 Wyle Laboratories' Test Procedure No. 46960-2, Revision A, " Electrical Separa-
tion Verification Testing on Terminal Blocks and Panel Meters for the
Philadelphia Electric Company, Limerick Generating Station Units 1 and 2,"
dated November 1,1983.

8.2 IEEE Standard 384-1981, "IEEE Standard Criteria for Independence of Class 1E
Equipment and Circuits."

8.3 Philadelphia Electric Company Report Number 48503, " Design Verification Test
Report, Internal Panel Control Wiring Separation Criteria," dated September 1,
1982.

9.0 QUALITY ASSURANCE

All work on this test program was performed in accordance with Wyle
Laboratories' Quality Assurance Program which complies with the applicable
requirements of 10 CFR 50 Appendix R, ANSI N 45.2 and the " daughter" stan-
dards. Defects are reported in accordance with the requirements of 10 CFR
Part 21,

10.0 TEST EQUIPMENT AND INSTRUMENTATION

All instrumentation, measuring, and test equipment used in the performance of
this test program were calibrated in accordance with Wyle Laboratories' Quality
Assurance Program which complies with the requirements of Military Specifica-
tion MIL-STD-45662. Standards used in performing all calibrations are traceable
to the National Bureau of Standards by report number and date. When no
national standards exist, the standards are traceable to international standards
or the basis for calibration is otherwise documented.

i
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SECTION I

) TEST PROGRAM - TERMINAL BLOCKS
|

1.0 REQUIREMENTS

1.1 Acceptance Criteria

1.1.1 Insulation Resistance Test

6Measured insulation resistance shall be greater than 1.6 x 10 ohms with an
applied potential of 500 VDC for 60 seconds.

1.1.2 Terminal Block Overeurrent Test

o Terminal block ignition shall not occur with 100 amperes applied for
i 20 minutes.

o Adjacent terminal circuit continuity shall be maintained throughout the
overcurrent test.

o There shall be no evidence of breakdown or flashover with a potential of
600 VAC applied for 60 seconds from the adjacent target terminal to
ground.

2,0 PROCEDURES

2.1 Test Specimen Identification

An inspection was performed upon receipt of the test specimen components at
Wyle Laboratories.<

The manufacturer, model, and part numbers were found to be:

Item No. Description

1.0 General Electric CR151D70110 Twelve Point Terminal Block
2.0 General Electric CR151B6 Six Point Terminal Block
3.0 General Electric CR151 A2 Terminal Block
4.0 Kulka Ten Point Terminal Block (GE PPD #137C6387P010)

( 5.0 Marathon 1600 8-Point Terminal Block
6.0 Cutler Hammer C381ST Terminal Block
7.1 Buchanan NQB Terminal Block (Heavy Duty)

r 7.2 Buchanan NQB Terminal Block (Medium Duty)
L 8.0 Weidmuller SAK 4 Terminal Block

WYLE LABORATORIES
Huntsville Facility
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2.0 PROCEDURES (Continued)

2.2 Test Specimen Preparation

The nine PECO-supplied terminal blocks were prepared using the following
procedure:

1. A 24" by 18" steel plate was attached to a 24" by 18" wooden frame.

2. The following terminal blocks were mounted on the steel plate with the
terminal points running vertically (with a minimum of four inches of
clearance around each terminal block):

Item 1.0 General Electric CR151D7011012-point terminal block
Item 2.0 General Electric CR151B6 6-point terminal block j
Item 3.0 General Electric CR151A2 terminal block (rail mounted)
Item 4.0 Kulka 10-point terminal block (GE PPD #137C6387P010)
Item 5.0 Marathon 1600 8-point terminal block
Item 6.0 Cutler Hammer C381ST Terminal Block (rail mounted)
Item 7.1 Buchanan NQB Terminal Block (rail mounted) Heavy Duty
Item 7.2 Buchanan NQB Terminal Block (rail mounted) Medium

:Duty
Item 8.0 Weidmuller SAK 4 Terminal Block (rail mounted)

3. The 24" by 18" test fixture was mounted vertically on a wooden test table.

4. The steel plate was grounded.

2.3 Baseline Functional Tests

2.3.1 Insulation Resistance Tests (See Figure 1 of Section III)

1. A jumper was connected from Point 2 of Item 1.0 to the mounting plate.

2. Using a megohmmeter, a potential of 500 VDC was applied. The minimum
insulation resistance indicated over a period of 60 seconds between Point 1 )
and the mounting plate was recorded. 1

3. The jumper at Point 2 was disconnected and attached to Point 4 of
Item 1.0.

4. Using a megohmmeter, a potential of 500 VDC was applied. The minimum
insulation resistance indicated over a period of 60 seconds between Point 5
and the mounting plate was recorded.

5. The jumper was disconnected from Point 4.

6. Steps 1 through 5 were repeated for Items 2.0 through 8.0.

For each performance of this test, the measured value was compared to the ]6acceptance criterion, Paragraph 1.1.1, i.e., greater than 1.6 x 10 ,

WYLE LABORATORIES
Huntsville Facility
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2.0 PROCEDURES (Continued)

2A Overeurrent Test (See Figure 1 of Section III)

1. 480 VAC/10 amperes /1 phase power was connected to Point 1 of Item 1.0
per Figure 1.

2. A Multi-Amp CB 8130 Test Set was connected to Point 2 of Item 1.0 per
Figure 1.

3. The 480 VAC power supply was adjusted such that 10 +0.1 amperes of
current was applied to Point 1 of the terminal block.

4. The Multi-Amp Test Set was adjusted to supply 100 amperes through
Point 2.

5. The 100 amperes current was allowed to flow for 20 minutes.

6. The Multi-Amp Test Set output and the 480 'iAC power supply were de-
energized.

7. The results of the overcurrent test and time to ignition, if applicable, were
recorded.

.

8. Steps 1 through 7 were repeated for Items 2.0 through 8.0.

2,5 Post-Overcurrent Test Functional Tests

2.5.1 Insulation Resistance Tests - The insulation resistance tests of Paragraph 2.3.1
were repeated.

2.5.2 Voltage Breakdown Test

1. A jumper was connected froth Point 4 ofItem 1.0 to the mounting plate.,

|
'

2. Using an AC Hi-Pot Test Assembly connected to Point 5 of Item 1.0, the
voltage was increased at a rate of approximately 100 volts per second until
evidence of breakdown occurred or a voltage of 4,000 VAC was reached.

3. The voltage level and leakage current were recorded.

4. Using an AC Hi-Pot Test Assembly connected to Point 1 of Item 1.0, the
voltage was increased to 600 VAC at a rate of 100 volts per second.

5. The voltage was maintained at 600 VAC for a period of 60 seconds and the
maximum leakage current was recorded.

6. Steps 1 through 3 were repeated for Items 2.0 through 8.0.

WYLE LABORATORIES
Huntsville Facility
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2.0 PROCEDURES (Continued)

2.5 Post-Overcurrent Test Functional Tests (Continued)

2.5.2 Voltage Breakdown Test (Continued)

For all performancus of this test (Steps 3 and 5), the observed values were
compared to the acceptance criterion, Paragraph 1.1.2, i.e., there was no
evidence of insulation breakdown or flashover.

3.0 RESULTS

All test specimens demonstrated sufficient integrity to meet or exceed the
acceptance criteria specified in SectionI, Paragraph 1.1 when subjected to the
testing of Paragraph 2.0 above.

There was no apparent physical damage to the terminal blocks after 100 amps
was applied through a terminal point for 20 minutes continuously, nor was there
any evidence of insulation breakdown or flashover with 4,000 VAC applied
between two adjacent terminal points.

Photographs I-1 through I-6 are presented in Appendix I of this section.

Photographs I-1 and I-2 show overcurrent test setup of Items 5.0 and 7.2,
respectively.

.

Photographs I-3 and I-4 show details of 12 kilowatt resistive load used during
overcurrent test.

Photographs I-5 and I-6 provide a post-test view of terminal block mounting,
both front and rear.

The Data Sheets and Instrumentation Equipment Sheet for the terminal block
tests are presented in Appendix II of this section.

1

{
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OVERCURRENT TEST SETUP SHOWING MULTI-AMP SETUP
DURING OVERCURRENT TEST OF ITEM 5.0
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12 KW RESISTIVE LOAD
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POST-TEST VIEW OF SPECIMEN MOUNTING (FRONT)
ON A 24" BY 18" BY 1/8" STEEL SIIEET PLATE
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Test Report No. 46960-4 DATA SHEET

WE LABORATORIES
Sp cme inal Blocks
Part No. Various Amb. Temp. - Job No.

OSpec. WLTP 46960-2 Photo W5 Report No.

Start Date 30 NO4 DPara. 3.2.3 Test Med. Air

S/N N/A Specimen Temp. Ambient

GSI N/A

biosurNE Functional TestTest Title

Insulation Resistance Test f
6Acceptance Criterion: Measured insulation resistance shall be greater tha 1.6 X 10

Ohms with 500 VDC applied for 60 seconds.

Item No. Part No. Test Points

1.0 GE CR151070110 1 to GND 7.6 wlO3 -

_rt

5 to Gnd 7.7 5 IOS _n_

2.0 GE CR15186 1 to GND 4. O s I O * rt..

#
S to GND f.5KlO .ft

* in nr cnisin 1 en nNn w cr- -T N era , , ,---n

*
. 5 to GND

S4.0 GE PPD 137C6387P0101 to GND '2 5 * \ O .n_=

5 to GND 4.5 % IO ll-

5.0 Marathon 1600 1 to GND 2.5% 109 .n_

5 to GND 4.0 % \ O E g

6.0 C.H. C381ST 1 to GND 7. .T % \O ",n

5 to GND 7 T.O sno .fL %CHAAJOA) A)GO )
st

( Msunw Bury

4 Buchanan NQB 1 to GND 3.T A 10'* .O.- 7.2 l.' b 1 0 ' a
( U"Y ) 5 to GND (3.2A)o' .n, 72 3 5 ()c' g

8.0 Weidmuller SAK-4 1 to GND 4.0 % l O" A_

75.OA)O"fLc en nnn

bd 90 No/ SaSpecimen Failed Tested By Date:

bubr/ DUI Date: ///l'/93Specimen Passed / Witness

bNOA Written Sheet No. - / l-, of
Approved '/ I' ' // Id b |

W H-614 A
/
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PECOCustomer

Specimen Terminal Blocks WYLE LABORATORIES

Part No. Various ' Amb. Temp. MY Job No.
Spec. WLTP 46960-2 0-4Photo V65 Report No.
Para. 3.2.3 Test Med. Air j/d,/f4Start Date
S/N N/A specimen Temp. Ambient
GSI N/A

U

Test Title MGruc Functional Test

Insulation Resistance Test !
,

Acceptance Criterion: Measured insulation resistance shall be greater than 1.6 X 10r|

Chms with 500 VDC applied for 60 seconds.
!

Item No. Part No. Test Points

1.0 GE CR151070110 1 to GND #/A

5 to Gnd v/s
2.0 GE CR15186 1 to GND */f -

5 to GND N/t
10 GF FR191A7 1 tn GND /* b %/O

5 to GND T.S x /O '* 12.
4.0 GE PPD 137C6387P0101 to GND 4.6 y /O" A

5 to GND f. f x /D" 42.,
5.0 Marathon 1600 1 to GND M/,9

5 to 'GND NM
6.0 C.H. C381ST 1 to GND */f

5 to GND A//t
7.1 BuchananNQB'leM1toGND */4

QkAT Duty) 5 to GND v/g
i 4

7.2 Buchanan NOB 'r ;;1',1 to GND'

(MEblUM bHTV) YA
?

n tn nun

Specimen Failed
Tested By Date: '4 /P

f Specimen Passed !
Witness Date:

NOA Written NIA Sheet No. N - f A
Approved 'l

'

/ N
WH-614A ''

t !
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Test R por o. 46960-4 DATA SHEET

Customer PECO

Terminal Blocks WYLE LABORATORIESSpecimen

Part No. VariouS Amb. Temp. NY Job No. 46960

Spec. WLTP 46960-2 Photo ,Y65 Report No. 46960-4
3.2.4 AirTest Mcd. Start Date //Mc/5'SPara.

'

S/N N/A Specimen Temp. Ambient

GSI N/A

Test Title Over-Current Test

Acceptance Criterion: (1) 10 Amp circuit must maintain continuity |

(2) No ignition with 100 Amps for 20 minutes

10 AMP CIRCUIT TIME TO IGNITION

Item No. Part No. V/I Before V/I After (If Applicable)
. .

1.0 GE CRl51070110 Sev/o.c a Jgjv/9 ff! A' /(nirlw in /h.s44c ,

l

2.0 GE CR15186 Sffv/sc.c34 Syov/ic.<6A AS /(c/and /a isco.7/s,c
,

3.0 GE CR161A2 %7 inSTellcEb blet* To ottusSnO4 Rair

4.0 GE PPD 137C6387 Polo uol" 7~e%Tb bu G 70 (cAintuerliicA) mr1,0GE

5.0 Marathon 1600 3So v/sc.s t+ 3Sc.1/9.9A A!c 16aurica |n it, Ice :,ese

6.0 C.H. C381ST 31is ||c.cA 3% //c.e4 A No IGu Tical ia o$cS Stk
'

k Buchanan NQB h SSyv//o.ca 3V.2</td.ofit M o /(A;iROC [JJ / M L A

9. 'A L e k a" W O ? '5sab/sc.csa ss/ic.csa Nc igancia la iscc. fin
8.0 Weidmuller SAK-4 S0 /,o,c4a syfg/ic.cfa A)e fga,ricic k i.2co.53 A<

_

Specimen Failed Tested By Date:

Witness l! '/Mif [fYOI Date: 12/2/tif7Specimen Passed /
,

1 -
bNO A Written "/A Sheet No. Ie- of

Approved C M N
W H- 614 A d )

1

--.--- - - - -- - . - - . - , .- ,-
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Customer PECO

Terminal Blocks WYLE LABORATORIESSpecimen

Part No. Various Amb. Temp. 7J"F Job No. 46960

Spec. WLTP 46960-2 Photo V8 Report No. 46960-4
3.2.4 Air // 5 /T4-Pira. Test Med. Start Date

'

S/N N/A Specimen Temp. Ambient

GSI N/A

Test Title Over-Current Test

Acceptance Criterion: (1) 10 Amp circuit must maintain continuity |

(2) No ignition with 100 Amps for 20 minutes

.

10 AMP CIRCUIT TIME TO IGNITION

Item No. Part No. V/I Before V/I After (If Applicable)

V/A1.0 GE CR151D70110

NfA2.0 GE CR15186

3.0 GE CR151A2 495 v' o.oa A 415v 9.ffA A/o 16mTiod AFrGe

loco.22 ale

i 4.0 GE PPD 137C6387P010 44Eg 0 D6A 441V 10.0 7) No IgAji1 N AFTER.

| 300.0t Ate.
I 5.0 Marathon 1600 %A

6.0 C.H. C381ST N/A

7.0 Buchanan NQB 4/4

8.0 Weidmuller SAK-4 T/)
Specimen Failed Tested By Date: A P@

INf Specimen Passed / Witness Date:

kNO A Written Sheet No. 1 of .

A ')fW'f W //6/6kApproved

W H-614 A
a

l
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Customer PECO

Specimen Terminal Blocks WYLE LABORATORIES

Part No. Various Amb. Temp. kb F Job No. 46960

Spec. WLTP 46960-2 Photo Y6 Report No. 46960-4

Para. 3.2.5.2 Test Med. Start Date 07 DFC B3 IAir
.

S/N N/A Specimen Temp. Ambient

GSI N/A

foST- TG7 [ Voltage Breakdown TestTest Title
.

Acceptance Criterion: There shall be no evidence of breakdown or flashover with an |

applied potential of 600 VAC for 60 seconds.

Item No. Part No. Test Points Breakdown Volt. Leakage Current

1.0 GE CR151070110 1 to GND N fA l'T 4 0<

5 to GND 7 4 00 0 V b,c 140 u g.

2.0 GE CR15186 1 to GND N II AACK '
5 to GND 74000 %L (7_.6 AA ot

3.0 GE CR151A2 1 to GND N OT fNSh LEO
u 6

|5 to GND

4.0 GE PPD 137C638P010 1 to GND Nd IEST6D
5 to GND d

N !A l 9 M45.0 Marathon 1600 1 to GND

5 to GND 74000 V 4 (., [3ypq

6.0 C.H. C381ST 1 to GND Nk lt; M R

5 to GND 7 4 000 %L ll( M4
<.t

--he Buchanan NQB 1 to GND N(A I B AA(h.

M '#Y b M S to GND 7 4oOD VAL GO g((

8.0 Weidmuller SAK-4 1 to GND N fA (Q na
5 to GND l4000 VhL lla O u

7 . 2. Buc.tusW Nas g - c,no N /A gq ua
(MFAua. Duty ) b-GNo 7 400c vu I 0 0 u t(

1 SNSpecimen Failed Tested By ^ Date:

Mud O'G0 Date: /ENbSpecimen Passed Witness

NOA Written M Sheet No. I - of
A 7b /7!7 bApproved

W H-614 A

. . . .
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Customer PECO

Specimen Terminal Blocks WYLE LABORATORIES

Part No. Various Amb. Temp ~ 7' # # Jcb No. 46960 -'

Spec. WLTP 46960-2
Report No. 46960-4'*

Para. 3.2.5.2 4,g, Start Date - /-T-O
sin N/A Specimen Temp. _ Ambient
GSt N/A

Test Title Tasr- Test Voltage Breakdown Test

Acceptance Criterion: There shall be no evidence of breakdown or flashover with an I
.

applied potential of 600 VAC for 60 seconds.

Item No. Part No. Test Points Breakdown Volt. Leakage Current
1.0 GE CR151D70110 1 to GND d/4

5 to GND M/4

2.0 GE CR15186 1 to GND #[A

5 to GND ^'[A
3.0 GE CR151A2 1 to GND M/A 7

- 2 ,, .c

5 to GND > Y~X ?AC IN pn
4.0 GE PPD 137C638PD10 1 to GND h/3 2 3 j .c

5 to GND 7 i:CC VAC ho rs
5.0 Marathon 1600 1 to GND A

5 to GND d/A
6.0 C.H. C381ST 1 to GND Nh

5 to GND N/4
7.I Buchanan NQB (kr@ l to GND U/4

(46AW huTy ) 5 to GND [A

M/A
7.2 Buchanan NQB (!"ull)" 1 to GND

( MGDtu4t DLLTy) 5 to GND A
8.0 Weidmuller SAK-4 1 to GND #[A

5 to GND M/4

Specimen Failed
Tested By - Date: I~'~5

Specimen Passed -
Witness YA Date: A//A

NOA Written - /d
Sheet No. . of S
Approved ''8 '' *' #

W H-614 A
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PECOCustomer

Specimen Terminal Blocks WYLE LABORATORIES

Part No. Va-tous Amb. Temp. - b Job No.
46960-4Spec. WLTP 46960-2 Photo frs Report No.

Part. 3.2.3 Test Med. Air o 2. Dec % g )Start Date

S/N N/A Specimen Temp. Ambient

GSI N/A

O TT ^ Functional Test |Tcst Title

Insulation Resistance Test
6Acceptance Criterion: Measured insulation resistance shall be greater thaal.6 X 10

Ohms with 500 VDC applied fcr 60 seconds.

Item No. Part No. Test Points

1.0 GE CR151070110 1 to GND 3 5 ydOSn -
-

5 to Gnd ( .1.( 10" .rt.
2.0 GE CR15186 1 to GND o .$ A \D 9t TL

5 to GND b l' A

tn GF rQ1El A7 1 tn GND DT IN SThtLGC)
" 0*

5 to GND

4.0 GE PPD 137C6387P0101 to GND M of fe.sTED
" "

5 to GND
65.0 Marathon 1600 1 to GND ( .'% s (O n
R

5 to GND 3.0 % \O rt

6.0 C.H. C381ST 1 to GND 7$.O s10" a
5 to GND %5% \Dso

[5uc Nik e w N 4 L5 .

.n LntsbauM blay),c |
/. L er a p

MF Buchanan NQB 1 to GND 3 $* @ m fL 7.2 b D *\ D .II.

UN NTV) 5 to GND 4. 0 A 10 ft. $Y t.'7A\O*n,
7 5.0 % 18 a8.0 Weidmuller SAK-4 1 to GND

76 L(O" A ,4 tn GND

1 b''=C USpecimen Failed Tested By 6 w Date:

U b v b Tk /MC) Date: IM2 b3Specimen Passed / Witness

NNOA Written 0/A Sheet No. 1 of
') N/t d i /3/2/iIApproved

WH-614A [
. - . . - - - . .-.- _.
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PECOCustomer
WYLE LABOR ATORIES

Specimen Terminal Blocks

Part No. Various Amb. Temp. 78 f 9
Job No.

6960 4Spec. WLTP 46960-2 Photo V5 Report No.
' Air /,/6/54-Para. 3.2.3 Test Med. Start Date

S/N N/A Specimen Temp. Ambient

GSI N/A

7t:SP TEST Functional TestTest Title

Insulation Resistance Test !

Acceptance Criterion: Measured insulation resistance shall be greater than 1.6 X 10

Ohms with 500 VDC applied for 60 seconds.

Item No. Part No. Test Points

1.0 GE CR151070110 l to GND YA

5 to Gnd MA

2.0 GE CR15186 1 to GND id
5 to GND 4/d

d.S % /D " O-1n es ents;1 A7 1 tn r,ND

5 to GND do x/o" A-
#4.0 GE PPD 137C6387P0101 to GND c7,0 / /0 J3.
#0

5 to GND 0, o (/0 .tL
5.0 Marathon 1600 1 to GND "/d

5 to GND */4
6.0 C.H. C381ST 1 to GND '[7

5 to GND M/A
'

7.1 BuchananNQB(Ir$)1toGND h/
[NES)'hTy) 5 to GND NMi

7.2 Buchanan NOB b l to GND M/A'

( MdlLIM 14 9 ; en r,Nn

Specimen Failed Tested By - Date: M
Specimen Passed Witness A Date:i

NOA Written M bee bSheet No. i f

Approved N
W H-614 A
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Test Report No. 46960-4

SECTION H

TEST PROGRAM - PANEL METERS

1

1.0 REQUIREMENTS

{
1.1 Acceptance Criteria

1.1.1 Operability Test (GE Model 180 Target Panel Meter ONLY)

( The " target" General Electric Model 180 Panel Meter shall indicate 50% 15% full
scale with a 12.0 mA 10.6 mA DC input applied during the overcurrent test.

2.0 PROCEDURES

{ 2.1 Test Specimen Identification

An inspection was performed upon receipt of the test specimen components at
Wyle Laboratories.

The manufacturer, model, and part numbers were found to be:

( Item No. Description

9.0 General Electric Model 180 Edgewise Panel Meter (#1)
f 10.0 General Electric Model 180 Edgewise Panel Meter (#2)' 11.0 General Electric Model 180 Edgewise Panel Meter (#3)

r

L 2.2 Test Specimen Preparation

1. The two General Electric Model 180 Edgewise Panel Meters were taped-

together using a single wrap of 3M Number 69 glass tape such that the
meters were in contact with each other.

-

2. The two meters were mounted in an instrumentation rack which simulated
in-plant mounting. -

L

r

[
t

WYLE LABORATORIES
Huntsville Facility

.
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_

2,0 PROCEDURES (Continued)

2.3 Baseline Functional Test

L3.1 Accuracy Test

1. The following input currents were applied to Panel Meter #1:

Input Currrent (mA) % Full Scale

4 IX1 = 0%

8 IX2 = 25 %

12 IX3 = 50 %

16 IX4 = 75 %

20 IX5 = 100 %

2. The meter indications were recorded.

3. The meter accuracy was defined as:

I*" - I* * *#= x 100%Accuracy
g _g
X5 X1

where Ixn = % full scale reading from table above

Imeter = indicated % fullscale reading

4. The meter accuracy of 0%, 25%, 50%, 75% anc' 100% input current was
computed and recorded.

2.4 Overeurrent/Overvoltage Test

1. A 12.0 mA +0.6 mA DC signal was applied to Panel Meter #1 (target
meter).

2. The meter reading was recorded.

3. The input leads to Panel Meter #2 (fault meter) were shorted together.

4. A 600 VAC/19/60 IIz voltage was applied between the shorted Panel Meter
#2 leads and the cabinet for a period of five minutes.

5. The reading on Panel Meter #1 was recorded.

6. A 200 mA DC current (10 times maximum input) at 2 VDC was applied to
Panel Meter #2 for greater than 15 minutes. The output of Panel Meter #1
was monitored during the time this signal was applied. e

WYLE LABORATORIES
Huntsville Facility
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210 PROCEDURES (Continued)

2A Overcurrent/Overvoltage Test (Continued)

7. The reading of Panel Meter #1 was recorded.

8. A 2 ampere current (100 times maximum input) at 20 VDC was applied to |

Panel Meter #2 until the meter's internal shunt open circuited. The output
f of Panel Meter #1 was monitored during the time this signal was applied. I

L

9. The reading on Panel Meter #1 was recorded.

10. A 125 VDC voltage was applied to Panel Meter #2 until the meter's coil
open circuited. The output of Panel Meter #1 was monitored during the
time this signal was applied.

11. The reading on Panel Meter #1 was recorded.

[ 12. Panel Meter #2 was replaced with a new GE Model 180 Edgewise Panel
' Meter.

( 13. A 5 ampere current (250 times the maximum input) at 50 VDC was applied
L to Panel Meter #3 until the meter's internal shunt open circuited. The

output of Panel Meter #1 was monitored during the time this signal was
applied.y

'
14. The reading on Panel Meter #1 was recorded.*

15. A 600 VAC/19/60 Hz voltage was applied across the input leads of Panel
Meter #3 until the meter's coil open circuited. The output of Panel Meter
#1 was monitored during the time this signal was applied.

16. The reading on Panel Meter #1 was recorded.

17. Panel Meter #1 was de-energized.

18. Panel Meters #2 and #3 were disassembled and the internal damage
photographed (see Photographs II-2 and II-3).

3.0 RESULTS

There was no evidence of any effect on Panel Meter #1 when the various
overcurrent and overvoltage signals were applied to Panel Meters #2 and #3.
Panel Meter #1 successfully met the acceptance criteria of Paragraph 1.1.1
when subjected to the overcurrent/overvoltage tests of Paragraph 2.4. It is
therefore concluded that adequate physical and electrical separation exists when
two GE Model 180 F.dgewise Panel Meters are mounted in contact with each
other during the application of any credible electrical fault at the Limerick
Generating Station, Units 1 and 2.

,

WYLE LABORATORIES
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310 RESULTS (Continued)

The following table lists the effects of the applied signals to Panel Meters #2
and #3:

Effect on Target
Signal Applied Meter (#1) Effect on Faulted Meter (#2 or #3)

600 VAC from None No damage.
shorted leads
to cabinet

200 mA at 2 VDC None No damage (meter's internal 1/4 watt,
10 ohm resistor held current).

2 amperes at None Meter's shunt opened in less than 1
20 VDC second.

125 VDC None Meter's coil opened with a small are
instantaneously.

5 amperes at None Meter's shunt opened in less than 1
50 VDC second.

600 VAC across None Meter's coil opened with a small are
input leads instantaneously.

Figure H-1, which shows the internal circuitry to the GE Model 180 Edgewise
Panel Meter, is presented in Appendix I of this section.

Photographs H-1 through II-3 are presented in Appendix II of this section.
Photograph II-1 shows the test setup for the 600 VAC overvoltage test on Panel
Meter #3. Photographs II-2 and II-3 show the internal damage to Panel Meters
#2 and #3, respectively.

Data Sheets from the functional tests and the overcurrent/overvoltage tests are
presented in Appendix III of this section.

The instrumentation utilized in these tests is contained on the Instrumentation
Equipment Sheet in Appendix II of Section I.

WYLE LABORATORIES
Huntsville Facihty
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i
Accuracy Test i

Acceptance Criterion: Data taken for information only.
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S/N N/A Specimen Temp. Ambient
"I^GSI

OVERCURRENT/0VERV0LTAGE TESTTest Title

ACCEPTANCE CRITERION: The " target" General Electric Model 180 Panel Meter shall

read 50% +5% of full scale with a 1210.6 mA input during
_

the overcurrent/overvoltage test.

Signal Applied Panel Meter Damage to

to Panel Meter #2 #1 Reading Panel Meter #2

600 VAC from shorted 50% Mone.

[go c1Aoyg}leads to cabinet

200 mA 0 2 VDC [O7o b (Melef
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PECO
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70 Job No. 46960GE Model 180 Amb. Temp.Part No.
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Spec. WLTP 46960-2 Photo VO Report No.

II7/NAir Start DatePara. 114 Test Med.
'

N/A Specimen Temp. AmbientS/N
GSI N/A

OVERCURRENT/0VERV0LTAGE TEST (Continued)Test Title

Signal Applied Panel Meter Damage to

to Panel Meter #3 el Readina Panel Meter 83
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i i
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Test Procedure No. 46960-2

1.0 SCOPE

This document has been prepared by Wyle Laboratories for the
Philadelphia Electric Company (PECO) and encompasses the testing of
the physical separation, with respect to electrical faults, between
redundant Class lE systems and between Class lE and nonClass 1E
electrical systems in representative configurations at the Limerick
Generating Station, Units 1 and 2. This document details follow-on
testing of internal panel control wiring and is an appendix to the

!

Design Verification Test Report, Internal Panel Control Wiring I

Separation Criteria, Philadelphia Electric Company Report No. 48503
dated September 1, 1982.

1.1 Objectives

The purpose of this procedure is to present the requirements,
procedures, and sequence to test the design adequacy of worst case
configurations in the following situations:

( o Terminal Block to Terminal Block Separation (see Figure 1)

o Panel Mounted Meter to Panel Mounted Meter Separation (see

( Figure 2)

1.2 Applicable Documents

o Wyle Laboratories' Quotation 543/0752/WB to Philadelphia Electric
Company, dated June 29, 1983.

( o IEEE Standard 384-1981, "IEEE Standard Criteria for Independence
of Class lE Equipment and Circuits."

I o Philadelphia Electric Company Report Number 48503, " Design
L Verification Test Report, Internal Panel Control Wiring

Separation Criteria," dated September 1, 1982.
,

L 1.3 Equipment Description

This test procedure encompasses the testing of terminal blocks andr

[ panel meters as described below: '

Item No. Description
r

L 1.0 General Electric CR151070110 Twelve Point Terminal Block
2.0 General Electric CR15186 Six Point Terminal Block
3.0 General Electric CR151A2 Terminal Block

[ 4.0 Kulka Ten Point Terminal Block (GE PPD #137C6387P010)' 5.0 Marathon 1600 8-Point Terminal Block
6.0 Cutler Hammer C381ST Terminal Block

[ 7.0 Buchanan NQB Terminal Block
8.0 Weidmuller SAK 4 Terminal Blocki

9.0 General Electric Model 180 Edgewise Panel Meter (2)

wvLE LABORATORIES
* Huntsville FactHty
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Test Procedure No. 46960-2

1.0 SCOPE

1.4 Test Seqtience_ ,

This test program shall be performed in the following sequence:

o Test Specimen Identification
o Terminal Block Separation Tests

o GE Model 180 Panel Meter Separation Test

.

4

%
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Test Procedure No. 46960-2 REVISION A

f
2.0 TEST REQUIREMENTS

2.1 Acceptance Criteria

2.1.1 Insulation Resistance Test

Measured insulation resistance shall be greater than 1.6x106 ohms with
an applied potential of 500 VDC for 60 seconds.

2.1.2 Terminal Block Overcurrent Test

o Terminal block ignition shall not occur with 100 amperes applied
{ for 20 minutes,

o Adjacent terminal circuit continuity shall be maintained
throughout the overcurrent test.

o There shall be no evidence of breakdown or flashover with a
i potential of 600 VAC applied for 60 seccnds from the adjacent
I target terminal to ground.

2.1.3 Operability Test (GE Model 180 Panel Meter ONLY)

The " target" General Electric Model 180 Panel Meter shall indicate 50%
+5% full scale with a 12.0 mA +0.6 mA DC input applied during the A

{
overcurrent test.

I

r

L

<

k

[

(

l

l

{
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Test Procedure No. 46960-2
'

3.0 TEST PROGRAM

3.1 Test Specimen Identification

An inspection shall be performed upon receipt of the test specimen
components at Wyle Laboratories. This inspection will assure that the

test specimens are as described in Paragraph 1.3. Applicable
manufacturer, model, part and serial numbers shall be verified and
recorded. The test specimens shall be labeled to facilitate
identification throughout the test program.

3.2 Terminal Block Separation Tests

3.2.1 Purpose

The purposes of the terminal block separation tests are to: 1) prove
that a fault on any terminal point on a terminal block will not
adversely affect the circuitry connected to an adjacent point on that
terminal block and 2) determine the breakdown voltage level across two
(2) adjacent terminal points on representative terminal blocks used in
the construction of the Limerick Generating Station, Units 1 and 2.

3.2.2 Test Specimen Preparation

The eight (8) PEC0-supplied terminal blocks shall be prepared using
the following procedure:

:

1. Manufacture a 24" by 18" steel plate attached to a 24" by 18"
wooden frame.

2. Mount the following terminal blocks on the steel plate with the
terminal points running vertically (allow a minimum of four (4)
inches of clearance around each terminal block):
Item 1.0 General Electric CR151D70110 12-point terminal block

Item 2.0 General Electric CR15186 6-point terminal block

Item 3.0 General Electric CR151A2 terminal block (rail mounted)
Item 4.0 Kulka 10-point terminal block (GE PPD #137C6387P010)

Item 5.0 Marathon 1600 8-point terminal block

Item 6.0 Cutler Hcmmer C381ST terminal block (rail mounted)

Item 7.0 Buchanan NQB terminal block (rail mounted)
'

Item 8.0 Weidmuller SAK-4 terminal block (rail mounted)

3. Mount the 24" by 18" test fixture vertically on a wooden test
table.

WYLE LABORATORIES
Huntsville Facility
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Test Procedure No. 46960-2 REVISION A

3.0 TEST PROGRAM (CONTINUED)

3.2.2 Test Specimen Preparation (Continued)

4. Ground the steel plate.

5. Photograph the test setup.

3.2.3 Baseline Functional Tests

3.2.3.1 Insulation Resistance Tests

1. Connect a jumper from Point 2 of Item 1.0 to the mounting plate.

2. Using a megohmmeter, apply a potential of 500 VDC and record the A
minimum insulation resistance indicated over a period of 60
seconds between Point 1 and the mounting plate.

3. Disconnect the jumper from Point 2 and attach it to Point 4 of
Item 1.0.

4. Using a megohmmeter, apply a potential of 500 VDC and record the A

[ minimum insulation resistance indicated over a period of 60
seconds between Point 5 and the mounting plate.L

5. Disconnect the jumper from Point 4.

6. Repeat Steps 1 through 5 for Items 2.0 through 7.0.

( For each performance of this test, the measured value shall be com-
pared to the acceptance criterion, Paragraph 2.1.1, i.e., greater than
1.6x106 ohms.

r

3.2.4 Overcurrent Test

1. Connect 480 VAC/10 amperes /l phase power to Point 1 of Item 1.0
per Figure 1.

2. Connect the Multi-Amp CB 8130 Test Set to Point 2 of Item 1.0 per
Figure 1.

<

3. Adjust the Multi-Amp Test Set to supply 100 amperes through
Point 2.

L

4. Allow the 100 amperes current to flow for twenty (20) minutes.

( 5. De-energize the Multi-Amp Test Set output and the 480 VAC power
supply.

( 6. Record results of overcurrent test, particularly time of igni-
tion, if applicable.

7. Repeat Steps 1 through 6 for Items 2.0 through 7.0.

WYLE LABORATORIES
Huntsville Facility
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Test Procedure No. 46960-2

3.0 TEST PROGRAM (CONTINUED)

3.2.5 Post-0vercurrent Test Functional Tests

3.2.5.1 Insulation Resistance Tests The insulation resistance tests of--

Paragraph 3.2.3.1 shall be repeated.
.

3.2.5.2 Voltage Breakdown Test

1. Connect a jumper from Point 4 to Item 1.0 to the mounting plate.

2. Using an AC Hi-Pot test assembly, connected to Point 5 of
Item 1.0, increase voltage at a rate of approximately 100 volts
per second until evidence of breakdown occurs or a voltage of
4,000 VAC .is reached.

3. Record voltage level and leakage current at the point of
breakdown.

4. Using an AC Hi-Pot Test Assembly, connected to Point 1 of Item
1.0, increase voltage to 600 VAC at a rate of 100 volts per
second.

5. Maintain voltage at 600 VAC for a period of 60 seconds and record
the maximum leakage current observed.

6. Repeat Steps.1 through 3 for Items 2.0 through 7.0.

For all performances of this test (Steps 4 and 5), the observed values
shall be compared to the acceptance criterion, Paragraph 2.1.2, i.e.,

there shall be no evidence of insulation breakdown or flashover.

Photographs shall be taken of any noticable physical3.2.5.3 Photographs --

damage that might occur.

3.3 General Electric Model Edgewise 180 Panel Meter Separation Test

3.3.1 Purpose

The purpose of the GE Model 180 Edgewise Panel Meter Separation Test
is to prove that an electrical fault in one GE Model 180 Edgewise
Panel Meter will not adversely affect the operation of adjacent meters
in contact with the faulted meter.

1

WYLE LA80RATOR12S
Huntsville Facil.:y
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Test Procedure No. 46960-2 REVISION A

3.0 TEST PROGRAM (CONTINUED)

3.3.2 Test Specimen Preparation

1. The two (2) General Electric Model 180 Edgewise Panel Meters
y shall be taped together, using a single wrap of 3M Number 69
| glass tape such that the meters are in contact with eacn other.

2. The two meters shall be mounted in an instrumentation rack which
simulates in-plant mounting (see Figure 2).

3. Photograph the test setup.

3.3.3 Baseline Functional Test

3.3.3.1 Accuracy Test

1. Apply the following input currents to Panel Meter #1:

[ Input Current % Full Scale

4 mA IX1 = 0%

8 IX2 = 25%

12 IX3 = SM
16 IX4 = 75% A

r
L 20 I5= 100%X

[ 2. Record meter indications.

3. The meter accuracy shall be defined as:
I

I*" ~ ImeterAccuracy
7 _

x 100%=

1
L where: Ixn % full scale reading frcm table above=

r Imeter indicated % full scale reading=

L
4. Compute meter accuracy of 0%, 25%, 50%, 75%, and 100% input

current.

L

l
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Test Procedure No. 46960-2 REVISION A

3.0 TEST PROGRAM (CONTINUED)

3.3.4 Overcurrent/0vervoltage Test

1. Apply a 12.0 +0.6 mA DC signal to Panel Meter #1. A

2. Record meter reading.

3. Apply a 600 VAC input to the two jumpered input leads of Meter #2
to ground.

4. Observe and record the reading of Panel Meter #1.

5. Apply a 5 ampere current to Panel Meter #2. Slowly increase the
current until Meter #2 open circuits.

6. Observe and record the reading of Panel Meter #1.

7. Photograph the post-test damage to Panel Meters #1 and #2.

3.3.5 Post Overcurrent/0vervoltage Functional Test

The accuracy test of Paragraph 3.3.3.1 shall be repeated on Panel
Meter #1.

3.4 Quality Assurance

All test equipment and instrumentation to be used in the performance
of this test program will be calibrated in accordance with Wyle
Laboratories' (Eastern Operations) Quality Assurance Program, which
complies with the applicable portions of ANSI N45.2, 10 CFR 50,
Appendix B, and Military Specification MIL-STD-45662. Standards used
in performing all calibrations are traceable to the National Bureau of
Standards.

3.7 Report

Ten (10) copies of the test report and one (1) reproducible copy shall
be issued, describing the test requirements, procedures, and results.
The report shall be prepared in accordance with the requirements of
Section 8, Documentation, of IEEE Standard 323-1974, as applicable.
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FIGURE 1. TYPICAL TEST SETUP FOR TERMINAL BLOCK SEPARATION TESTS
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FIGURE 2. GE MODEL 180 EDGEWISE PANEL METER SEPARATION
TEST SETl!P _
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