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ABSTRACT

Testing was conducted to environmentally qualify protected
electrical Terminal Blocks, Buchanan Model 616508-6 and Buchanan Model
2B112N, which were mounted in the specified Junction Boxes for Public
Service Electric and Gas Company for the Salem Generating Station.

The test models consisting of junction boxes, terminal blocks,
and cables were assembled at the Salem Generating Station in accordance
with prescribed installation practices for that plant, and are identical
in all respects (excepting length of conduit connected to box) to such
equipment presently installed at Salem.

The testing demonstrated the capability of the Terminal Blocks

- and Junction Boxes to perform as required throughout the duration of

the tests in accordance with the specified acceptance criteria.
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Procedure for Qualification of Elec:crical
Connection Terminal Blocks in Containment En-
vironment of a Loss of Coolant Accident or a
Steam Line Break Accident, dated 11/30/78,
Revision 1, 1/5/79.

Public Service Electric and Gas Company Draw-
ing no. 212805 D 4131-1, Public Service El-
ectric and Gas Company Drawing E-101278 (sheets
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Isomedix Inc., Parsippany, New Jersey, dated

November 10, 1978.
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3.0

3.1

OBJECTIVE

The purrose of this test was to qualify protected electrical
Terminal Blocks and the Junction Boxes in which they were
mounted for a Loss of Coolant Accident (LOCA) and a Steam

Line Break (SLB) environment in accordar e with the Public
Service Electric and Gas Company Test Procedure dated 11/30/78,
Rev. 1, 1/5/79, shown in Appendix B.

APPLICABLE DOCUMENTS

Public Service Electric and Gas Company Test Procedure for
Qualification of Electrical Connection Terminal Blocks in
Containment Environment of a Loss of Coolant Accident or a

Steam Line Break Accident dated 11/30/78, Rev. l, 1/5/79,
shown in Appendix B.

Public Service Electric and Gas Company Drawing No. 212805~
D-4131-1, shown in Appendix C.

Public Service Electric and Gas Company Drawing E-101278
(sheets 1 and 2), Rev. @, shown in Appendix C.

Report on Terminal Block Irradiation Test for Public Service

Electric and Gas Company from Isomedix Inc., Parsippany, New
Jersey dated November 10, 1978, shown in Appendix D.

MATERIALS TESTED

Individual Items

r, s I, 4 Four‘(4) Buchanan Terminal Blocks (irradiated to 200

megarads), Model 616508-6, marked A, B, C, and D.

3:1.2 Eight (8) Buchanan Terminal Blocks (irradiated to 200

megarads) , Model 2B112N, marked E, F, G, H, I, J, K and
Lis

i P L Six (6) galvanized steel Junction Boxes measuring

13-1/2" x 13-1/2" x 6" with cover. These boxes were
fabricated in accordance with Public Service Electric

and Gas Company Drawing No. 212805-D-4131, Figure 3.

Each of the boxes was fitted with two (2) 2" close nipples
secured with a 2" Meyers scru-tite hub.
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P Twenty four (24) 10' long lengths of 9 conductor number
14 Control Cable rated for 600 volts. This cable was
manufactured by Triangle P.W.C. Inc. and was supplied
on Manufacutrer's Reel No. 17025 (Salem Reel No. S$5054).

X Assemblies

k P % | Six (6) Junction Box Assemblies each consisting of one (1)
Junction Box, two (2) Terminal Blocks, and four (4)
lengths of Cable assembled as per PSE & G Company sketch
E-101278 (sheets 1 and 2), Rev. P, shown in Appendix C.
These assemblies were designated as follows in the
actual test:

Terminal Blocks

Assembly Configuration Position 1 Position 2
1 Left Hand E F
I 2 Right Hand G A
| 3 Left Hand H 1
‘ 4 Right Hand & J
5 Left Hand K B
l 6 Right Hand L D
f NOTE

Positions of Terminal Blocks D and !, were interchanged
per direction of W. Raughley of Public Service Electric
and Gas Company. See Appendix B, Section III B.

4.0 TEST FACILITIES

4.1 The Irradiation Test and the DC High Potential Test were con-
ducted at Isomedix Inc., Parsippany, New Jersey (see Appendix
D).

4.2 All other tests were conducted at the Conax Nuclear Products

Testing Laboratory, Buffalo, New York. The boiler system

used includes a 200 KW electric boiler (Fulton Boiler Works)
which supplies 90 to 100% saturated steam, a 50 inch diameter
25-1/2 inch long cylindrical autoclave (Conax Corporation)
constructed of boiler plate and high strength bolts, an auto-
matic water conditioner, two 350 gallon spray solution storage
tanks, and associated pumps, controls and valves.

FORM NO 00%
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5.0 TEST EQUIPMENT AND CALIBRATION DATA
Conax
[tem Manufacturer Serial Number
AC Milliommeters Simpson 31 thru 42
Multimeter Digitec 2120
Multimeter B&K 290
DC Milliommeter Simpson 27
DC Milliommeter Simpson 2]
AC Ammeter Amprobe RS3
DC Power Supply B&K 1602
Megohmeter Hippotronics 3920-1102
Dielectric Tester Hippotronics 2
Chart Recorder Esterline Angus 53640
Chart Recorder Leeds & Nerthrup 610032

Calibration
Date

12/78
11/78
3/78
9/78
11/78
4/78
kef. Only
10/78
12/78
12/78

12/78

Range
Used

0-10 ma
0-200 VAC
0-300 vDC
0-200 ma
0-100 ma
0-6A
0-400vV
0-5000 VDC
0-3750vDC
0-500°F

0-400°F

Accuracy
% F.S.

2
0.5
1.5

2

0.5

g
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6.0

TEST PROCEDURE

Testing to be conducted in accordance with the Public Service
Electric and Gas Company Test Procedure for Qualification of
Electrical Connection Terminal Blocks in Containment Environ-
ment of a Loss of Coolant Accident or a Steam Line Break
Accident dated 1/30/78, Rev. 1, 1/5/79, shown in Appendix B.

The Test Procedure is summarized below

§.2.1 Test Preconditioning (not conducted at Conax).

6.2.1.1

Terminal Blocks - All blocks were exposed to a
Cobalt - 60 Gamma field at a dose rate of 0.98
megarads per hour for a total of 200.2 megarads.
Pre-exposure and post-exposure high potential tests
were performed on all terminal blocks.

6.2.2 Preparation for testing.

6.2.2.1

6.2.2.2

6.2.2.3

6.2.2.4

The "as supplied" terminal blocks to be removed
from the junction boxes and replaced with the
designated irradiated terminal blocks.

In each junction box, one thermocouple to be
mounted on the top of one of the terminal blocks
and one thermocouple to be mounted on the inside
surface of the junction box. The thermocouple

lead wires to be run out through the 2 inch nipples.

The openings of the 2 inch nipples to be filled
with PR855 fire resistant RTV silicone foam
packaged in SEMKIT two part sealant cartridge.
All space in the nipples not occupied by cable
to be filled with silicone foam.

Two (2) 1/4" weep holes to be drilled in the bottom
(as situated in the test chamber) of each Right
Hand Junction Box.

§.2:3 Test Service Conditions.

6.2.3.1

LOCA Test #1 and SLB Test #2

G§.2:3:.1:3 All terminal points of one block in each

test assembly to be wired to an AC source
so as to impress 140 VAC across neighboring
points. 0dd numbered terminal porints to
be energized to carry 2-5 amperes.
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Cidr3. .2 The lower six terminal points of the
second block in each test assembly to be
wired to a DC sour~® so as to impress 140V
across neighboring bpcints. Line current
to be limited to 100 milliamperes.

9.2:3.1.3 Test circuitry to be arranged so as to
identify single point failures (see figure
A and Figure B).

6.2.3.1.4 The above service conditions to be main-
tainsd throucghout the duration of each
test except when insulation resistance
measurements are being performed (approxi-
mately 20 minut~s, twice daily).

B.2:3:.2 SLB Test #3.

6.2.3.2.1 Terminal points of one block in ~ach test
assembly to be wired to a ©C source so as
to impress 140V across neighboring points:
i1&2,5%&6, 11 &§ 12.

6:.2.3.2.2 Test circuitry tc be arranged s. as to
identify single point failures (see Fignre
C).
NOTE

Test service conditions for SLB Test #3
were specified per direction of W. Raughley
of Public Service ©lectric and Gas Company.
See 6.2.4.3.

6.2:4 Test Profiles - Environmental Conditions (IDEAL).

6:2.4.1 Loss of Coolant Accident (LOCA) Test #i

6.2.4.1.1 125°F @ 0 psig to 256°F @ 50 psig in 10
seconds.

6.2.4.1.2 Maintain 286°F @ 43 psig until t = 2 houre,
47 minutes.

6.2:.4¢1:3 15 minutes gaximum ramp of 286°F @ 43
psic to 240°F @ 10 psiqg.

6.2.4.1.4 Maintain 240°F @ 10 psiy until t = 240 hours.

-
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6.2.4.2

6.2.

6.2.

6.2.

6.2.4.3

6.2.

6.2.

6.2.4.4

Steam Line Break (SLB) Test #2.

4.2.1

4.2.2

4.2.3

.4.2.4

125°F @ o psig to 350°F @ 43 psig minimum
in 5 minutes maximum.

Maintain 350°F @ 43 psig until t = 10
minutes.

15 minute ramp of 350°F @ 43 psig to 240°F
@ 10 psig.

Maintain 240°F @ 10 psig until t = 24 hours.

Steam Line Break (SLB) Test #3.

4.3.1

.4.3.2

.4.3.3

4.3.4

125°F @ 0 psig to 350°F @ 43 psig minimum
in 5 minutes maximum (because of the
characteristics of saturated steam, 131
psig was required to achieve 350 F).

Maintain 350°F @ 43 psig for 1 minute
minimum.

15 ginute ramp of 350°F @ 43 psig to
240°F @ 10 psig.

Maintain 240°F @ 10 psig until t = 1 hour.

NOTE
Test Profile Environmental Conditions for
SLB Test #3 were specified by W. Raughley
of Public Service Electric and Gas Company.
These conditions differ from 6.2.4.2 above.
See 7.7 "Discussion".

Chemical Spray to consist of 1.2% (by weight) boric
acid solution with sufficient sodium hydroxide
added to maintain a pH 05 8.5 to 10.0. Spray rate
to be 0.15 to 0.2 GPM/FT". Spray to be initiated

5 minutes after achievement of peak temperature

and continued for 24 hours (1 hour for SLB Test #3).
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6.2.4.5

6.2.5.1

6'2.5.2

7.0 TEST RESULTS

The basis for the evaluation of accelerated aging
is the American Society for Testing and Materials
(ASTM) document D2304.

Based on the relationship developed in the above
document, the following equivalencies are estab-
lished:

1 hour @ 840°F is equivalent to 2963 hours
@ 152°F

237 hourso@ 240°F is equivalent to 7022.3 hours
@ 152°F

6.2.5 Description of Tests.

Test #1 - Test Assemblies 1 and 2 subjected to
LOCA, chemical spray, and test service conditions.

Test #2 - Test Assemblies 3 and 4 subjected to
SLB, chemical spray, and test service conditions.

Test #3 - Test Assemblies 5 and 6 subjected to
SLB, chemical spray, and test service conditions.

NOTE
Test #3 was from a LOCA test to an SLB test at
the direction of W. Raughley of Public Service
Electric and Gas Company. (See Appendix B,
Section VIII C).

6.2.6 Acceptance Criteria.

The assemblies are expected to perform, throughout

the duration of the tests, in the mode described in
Section 6.2.3 above. If leakage current of any test
circuit exceeds 1 ampere, post test examination shall
determine the cause of the leakage current, that is, if
the failure was in the tested circuit or in the connec-
tions to the test circuic.

T+1 Test Preconditioning (not conducted at Conax)

-]l 0=
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T2

p % RE | Inspection of the twelve (12) Terminal Blocks after
exposure to the specified radiation showed no evidence
of physical deterioration or dielectric deterioration.

7+1:2 The certified test report from Isomedix Inc. is shown
in Appendix D.

Test Setup

Tedsl The test items were assembled, installed, energized, and

subjected to the specified environmental conditions as
shown below:

Assembly Configuration Test
1 Left Hand LOCA Test #1
2 Right Hand
3 Left Hand SLB Test #2
4 Right Hand
5 Left Hand SLB Test #3
6 Right Hand

Tl 8 Figure D shows two (2) of the assemblies.
7.2.3 Figure E shows the test chamber set up.
Tod ol Figure F shows the instrumentation set up.

Testing was monitored in accordance with the Conax Nuclear
Quality Assurance Program (see Q.C. stamps on Data Sheets).

The initial part of LOCA Test #1 was witnessed by W. Pavincich,

G. Supplee, and W. Gailey of Public Service Electric and Gas

Company. SLB Test #2 and SLB Test #3 were witnessed by W.

Raughley of Public Service Electric and Gas Company.

Detailed Data Sheets are shown in Appendix A.

The test results are summarized below:

7.6.1 LOCA Test #1.
7:6.1.1 Pretc st Insulation Resistance Test at 500 VDC

between each point and ground, and between ad-
jacent points.

Tobud s dolk Meansurements ranged between 75 and 5000
megohms.

ell=



FORM

i
i

CONAX

I m———

CONAX CORPORATION
Naiden Ave Bull

No.

iPS=400

_HGU?;E D

IUNCTION BOX ASSEMBLIES

- PRETES




FORM N

23

CONAX ]

CONAX CORPORATION

Waiden Ave Bultalo New York

No.

IPS-400

FIGURE E

TEST CHAMBER SET UP

e
-] {=-



00 56

FORM N

WK

CONAX

e ——————————————

';
|

CONAX CORPORATION

Walden Ave Bullalo New York 14225

No. ips-400

LT

S v
X

INSTRUMENTATION SET UP

\\

!



FORM NO D0S6

CONAX

CONAX CORPORATION
2300 Walden Ave Butalo New York 14225

IPS-400

7.6.1.1.2
1:.6.1.2

7-6.1-2.1

7.6.1.2.2

7.6.1.2.3

7.6.1.2.4

The results are recorded on Data Sheet D.

LOCA Exposure.

The terminal points were energized as shown
in Figure A and Figure B.

The specified chemical spray was initiated

at t = 5 minutes and continued until t = 24
hours;2 Spray rate was maintained at 0.164

GPM/FT".

The actual test chamber temperatures are
shown in Figure G.

Summary of LOCA Exposure (Data Sheets
A, B&C).

t=0

125°F chamber temperature

t = 10 seconds

245°F chamber temperature
32 psig chamber pressure

t = 20 seconds

278°F chamber temperature
50 psig chamber pressure

t = 1 minute

2860F chamber temperature
50 psig chamber pressure

t = 5 minutes

289°F chamber temperature
45 psig chamber pressure
All leakage currents @ 140 VAC measured O.
AC line currents measured between 3.0
and 3.6 amperes.
Line currents @ 140 VDC measured 54
and 50 milliamperes for the Left Hand
and Right Hand assemblies respectively.
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t

= 1 hour

290°F chamber temperature

45 psig chamber pressure

All leakage currents @ 140 VAC measured O.

AC line currents measured between 2.8 and
3.4 amperes.

Line currents @ 140 VDC measured 50
milliamperes

= 2 hours 47 minutes

290°F chamber temperature
46 psig chamber pressure

= 10 hours

243°F chamber temperature

11 psig chamber pressure

All leakage currents @ 140 VAC measured O.

AC line currents measured between 3.1 and
3.6 amperes.

Line currents @ 140 VDC measured 50
milliamperes.

= 50 hours

243°F chamber temperature

12 psig chamber pressure

Leakage currents @ 140 VAC measured
between 1.8 and 3.6 miiliamperes

AC line currents measured between 2.9
and 3.4 amperes.

Line currents @ 140 VDC measured 50
milliamperes.

= 100 hours

2440F chamber temperature

11 psig chamber pressure

Leakage currents @ 140 VAC measured
between 1.3 and 3.8 milliamperes.

AC line currents measured between 3.3
and 3.6 amperes.

Line currents @ 140 VDC measured 50
milliamperes.

= 200 hours

245°F chamber temperature
12 psig chamber pressure
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Leakage currents @ 140 VAC measured between
<1.0 and 2.6 milliamperes.

AC line currents measured between 3.2
and 3.5 amperes.

Line currents @ 140 VDC measured 50
milliamperes

t = 240 hours (termination of test)

2459? chamber temperature

11 psig chamber pressure

Leakage curremts @ 140 VAC measured be-
tween 1.0 and 2.3 milliamperes.

AC line currents measured between 3.6
and 3.9 amperes.

Line currents @ 140 VDC measured 50
amperes.

TsBeli@al Insulation Res‘stance was measured twice

daily betweer. ¢« 1 terminal point and
ground, and between adjacent points.

Measurements ranged between 0.10 megohms
@ 30 V and 0.11 megohms @ 500 V.

The results are recorded on Data Sheet D.

T+8.1.3 Post Test Insulation Resistance Test at 500 VDC
between each point and ground, and between adjacent
points.

T:8:1.3:2 Measurements ranged between 0.6 and 80
megohms.
TuBel:3:2 The results are recorded on Data Sheet D.
7.6.1.4 Post Test Inspection
i, S B | Lelt Hand Assembly (nc weep holes) -

Black sooty deposit (apparently from
rubber grommet on nipple) concentrated

at cable entrance -

Cable tie supports glued to box loosened but
cables remained in place -

Slight deposits, apparently from electrolytic
action, on Block F (D.C.) terminals -

Fine accumulation of condensed water on
inside back of box.

-18~
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7.6.1

7.6.2 SL

7.6.2

7.6.2

7.6.1.4.2 Right Hand Assembly (2 weep holes) -
Same as 7.6.1.4.1 except Block A (DC)
terminals appear to have experienced
more electrolytic activity than the AC
terminal.

7.6.1.4.3 Figure H and Figure I show the Left Hand
and Right Hand assemblies respectively.

«5 Post Test Dielectric Strength Test @ 500 VDC for
ten (10) seconds minimum between each terminal
point and ground, and between adjacent terminal

points.
7:6.1.5.1 All terminal points passed.

B Test #2.

oy | Pretest Insulation Resistance Test at 500 VDC
between each point and ground, and between adjacent
points.
TsBedalsl Measurements ranged between 38 and 6000
megohms.
Tebodsldld The results are recorded on Data Sheet H.
.l SLB Exposure
Tl dsdvd The terminal points were energized as
shown in Figure A and Figure B.
T.6.2:.2.2 The specified chemical spray was initiated
at t = 11 minutes and continued until

t = 24 hours2 Spray rate was maintained at
0.164 GPM/FT".

Tob:e2:2:.3 The actual test chamber temperatures are
shown in Figure J.

1:6:2:.2.4 Summary of SLB Exposure (Data Sheets E,
F & G).

t =0

125°F chamber temperature

t = 30 seconds

300°F chamber temperature
72 psig chamber pressure

-]l9=
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t = 5 minutes

338°F chamber temperature

110 psig chamber pressure

All leakage currents @ 140 VAC measured
>10 milliamperes.

AC line currents measured between 2.6
and 3.4 amperes.

Line currents @ 75 VDC measured 100 and
40 milliamperes for the Left Hand and
Right Hand assemblies respectively.

NOTE
The DC Power Supply had tripped out on
overload just prior to t = 5 minutes (the
overload setting was 220 milliamperes)

t = 8 minutes

DC voltage restored to 150 volts with
| 90 ma in left hand assembly and 40 ma
| in the right hand assembly.

‘ t = 15 minutes

280°F chamber temperature

| 35 psig chamber pressure

! Leakage currents @ 140 VAC measured be-

! tween O and 1.2 williamperes.

AC line currents measured between 3.1 and
3.4 amperes.

Line currents @ 140 VDC measured 50
milliamperes

t = 1 hour

244°F chamber temperature

12 psig chamber pressure

Leakage currents @ 140 VAC measured
between O and 2.4 nilliamperes

AC line currents measured between 2.7
and 3.4 amperes.

Line currents @ 140 VDC measured 50
milliamperes.

t = 10 hours

244°F chamber temperature
11 psig chamber pressure
Leakage currents @ 140 VAC measured
. between O and 2.3 milliamperes.
AC line currents measured between 3.2
and 3.4 amperes.
Line currents @ 140 VDC measured 50
milliamperes.

FORM NO GOSe
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t = 24 hours

2430F chamber temperature

11 psig chamber pressure

Leakage currents @ 140 VAC measured be-
tween 1 and 2.8 millamperes.

AC line currents measured between 3.1
and 3.4 amperes.

Line currents @ 140 VDC measured 50
milliamperes.

7:6.2.2.5 Insulation Resistance was measured three
(3) times during the test bet' .en each ter-
minal point and ground, and between adjacent
points.

Measurements ranged between 0.10 megohms @ 50
V and 0.15 megohms @ 500 V.

The results are recorded on Data Sheet H.

7:6.2.3 Post Test Insulation Resistance at 500 VDC between
each point and ground, and between adjacent points.

1:6.2.3.1 Measurements ranged between 58 and 5000
megohms.
Tobilds 342 The results are recorded on Data Sheet H.

7.6.2.4 Post Test Inspection.

7.6.2.4.1 Left Hand Assembly (no weep holes) =
Slight film deposits on entire block H
(AC) -
Whitish deposits, apparently from electrolyti
action, on all terminal screws on block I
(DC) =

7:6.2:.4.2 Right Hand Assembly (2 weep holes) -
Slight film deposits on entire block C
(AC) =~
Whitish deposits, apparently from electrolytic
action, on all terminal screws on block
J (bC) -

7.6.3 SLB Test #3 - In order to verify that the leakage current
on the terminal points during SLB Test #2 was minimal,
it was necessary to show that the 220 milliamp power supply
was the limiting factor in the test. The combined leak=-
age current of two blocks with the 100 milliamp load had
exceeded the 220 milliamp capacity of that power supply

-24-
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indicating at least 120 milliamps minimum was due to
leakage current. SLB Test #3 was set up to measure, with
a greater degree of accuracy, the indivicdual leakage
currents per terminal point. To accomplish this goal,
the profile selected for this test was that of the
transient period of the SLB conditions, as all data from
SLB Test #2 and LOCA Test #1 supported the performance

of the equipment in the post transient period. Further,
on~e the actual leakage current per terminal is determined,
all other data taken at post transient conditions would
be the same as that determined in SLB Test #2.

1:6:.3:.1 Pretest Insulation Resistance Test at 500 VDC
between each point and ground, and between ad-
jacent points.

7.6.3.1.1 Measurements ranged between 1300 and
5000 megohms.

TelhsDelnid The results are recorded on Data Sheet K.
Tolbsdud SLB Exposure.

T+6:.3.2.1 The terminal points were erergized as
shown in Figure C.

7:.6.3.2.2 The specified chemical spray was initiated
at t = 11 minutes and continued until
t = 1 hour. 2Spray rate was maintained
0.164 GPM/FT".

7¢6.3.2.3 The actual test chamber temperatures are
shown in Figure K.

1:6.3.2.4 Summary of SLB Exposure (Data Sheets I & J).
t =0

126°F chamber temperature

t = 1 minute

333°% chamber temperature

110 psig chamber pressure

Leakage currents @ 140 VDC measured
between O and 20 milliamperes.

w25
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333°F chamber temperature

102 psig chamber pressure

Leakage currents @ 140 VDC measured be-
tween O and 30 milliamperes.

334°F chamber temperature

103 psig chamber pressure

Leakage currents @ 140 VDC measured
between O and 30 milliamperes.

338°F chamber temperature

110 psig chamber pressure

Leakage currents @ 140 VDC measured
between O and 30 milliamperes.

344°F chamber temperature

120 psig chamber pressure

Leakage currents @ 140 VDC measured
between O and 30 milliamperes.

350°F chamber temperature

131 psig chamber pressure

Leakage currents @ 140 VDC measured
between O and 40 milliamperes.

330°F chamber temperature

90 psig chamber pressure

Leakage currents @ 140 VDC measured be-
tween O and 20 milliamperes.

t = 2 minutes
t = 3 minutes
t = 4 minutes
t = 5 minutes
t = 6 minutes
t = 10 minutes
t = 30 minutes

241°F chamber temperature
11 psig chamber pressure
Leakage currents @ 140 VDC measured O

= 1 hour

241°F chamber temperature
11 psig chamber pressure
Leakage currents @ 140 VDC measured O

2 -
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76:3.2:5 Insulation Resistance was measuredoimmed-
iately following t = 1 hour, @ 241°F and
with chemical spray, between each point

and ground, and between adjacent points.

Measurements ranged between 0.10 megohms
@ 40 V and 0.21 megohms @ 550 V.

The results are recorded on Data Sheet K.
7+6.3.3 Post Test Insulation Resistance Test at 500 VDC

between each point and ground, and between ad-
jacent points.

TelbisIedsk Measurements ranged between 0.81 and 12.0
megohms.
TeBe3:e3:2 The results are recorded on Data Sheet K.

Telbe Pl Post Test Inspection.

I
' 7.6.3.4.1 Left Hand Assembly (no weep holes) -
Slight dullish discoloration of terminal
screws -
. Neposits on terminal screws -

! Some condensation of water on side of box -

! 7.6:3.4.2 Right Hand Assembly (2 weep holes) -
Dullish discoloration of terminal screws -
Slight deposits on terminal screws -
Black deposits in bottom of box -
Whitish deposits on wires (possibly

chemical spray entered box through cable
jacket) .

7.7 Discussion

During the SLB Test #2, prior to t = 5 minutes, the DC Power
Supply had tripped out. As shown on Data Sheet F, the voltage
was established @ 75 V at t = 5 minutes and @ 140 V at t = 8
minutes.

As shown in Figure B, the ammeter in each of the two DC circuits
measured the sum of the current flowing through the load
resistor and the leakage currents across terminal board points.
The load current for both assemblies equalled 100 milliamperes.

The DC Power Supply was set to trip out at a total current
flow of 220 milliamperes. When the power supply tripped, the
‘ only conclusion that could be reached is that the combined

-28-
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load current plus the leakage ~urrent had exceeded a minimum

of 220 ma. When the power subply was re-established, the currents
returned to the acceptable levels previously experienced in

the LOCA Test.

During SLB Test #3, the maximum total leakage current for the
six (6) paths tested measured 130 milliamperes. If this
level of leakage current was added to a load current as used
in SLB Test #2 the total current would be 230 ma. This
explains why the DC power supply tripped out during SLB Test
$2.

As shown on Data Sheet J, actual leakage currents measured during
SLB Test #3 ranged between 0 and 40 ma which supports the above
discussion. Further, the 40 ma maximum per circuit is an

acceptable value as it would only cause a 0.412 volt drop at a
device at the end of a 2000 foot run cf #14 conductor, in fact,

a 220 ma current would only cause a 2.266 volt drop at the
device.

8.0 CONCLUSION

The testing demonstrated the ability of the Terminal Boards/
Junction Boxes to perform throughout the duration of the LOCA
and the two (2) SLB tests in accordance with the Acceptance
Criteria prescribed in Section IX of the PSE & G Test Procedure,
dated 11/30/78, Revision 1, 1/5/79.
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DATA SHEET

IS

APPENDIX A

TEST DATA

TITLE

Environmental Condition
Electrical Conditions
Electrical Conditions
Insulation Resistance
Environmental Conditions
Electrical Conditions
Electrical Conditions
Insulation Resistance
Environmental Conditions
Electrical Conditions

Insulation Resistance

TEST.
LOCA Test #1
LOCA Test #1
LOCA Test #1
LOCA Test 1
SLB Test #2
SLB Test #2
SLB Test #2
SLB Test #2
SLB Test #3
SLB Test 3

SLB Test #3
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APPENDIX B

Public Service Electric and Gas Company Test Procedure for
Qualification of Electrical Connection Terminal Blocks in
Containment Environment of a Loss of Coolant Accident or

a Steam Line Break Accident, dated 11/30/78, Revision 1, 1/5/79



I.

‘l’ II.

I11.

PUBLIC SERVICE ELECTRIC AND GAS COMPANY

TEST PROCEDURE FOR QUALIFICATION OF ELECTRICAL
CONNECTI1ON TERMINAL BLOCKS IN CONTAINMENT
ENVIRONMENT OF A LOSS OF COOLANT ACCIDENT OR A
STEAM LINE BREAK ACCIDENT

COPE ES

The following specifies the test procedure for qualifying
protected electrical terminal blocks for a LOCA or SLB envi-
ronment. The test models consisting of junction boxes, ter-
minal blocks, and cable, were assembled at the Salem Nuclear
Generating Station in accordance with prescribed installation
practices for that plant, and are identical in all respects
(excepting length of conduit connected to box) to such equip~-
ment presently planned for service at Salem Unit No. 2. The
test models were assembled using terminal blocks which were
not irradiated; however, the tests will be performed with
replacement terminal blocks which have been irradiated (See
11 below).

TEST PRECONDITIONING

A. Terminal Blocks - Both the Buchanan 2B112N and 616508<6
blocks were exposed to a Cobalt-6G0 Gamma field at a dose
rate of .98 megarads per hour for a total of 200.2

megarads. Pre-exposure and post-exposure high potential
tests were performed on these terminal blocks.

B. Cable -~ The cable, 9 conductor number 14 wire, has been
gualitied for 200 megarads exposure though the cable used
n this test was not actually exposed to radiation.

MATERIAL TO BE TESTED
A. Individual Items:

l. Four Buchanan Terminal Blocks
(Irradiated to 200 megarads) Model 6165086,
These blocks are marked A, B, C, and D.

2. Eight Buchanan Terminal Blocks
(Irradiated to 200 megarads) Model 2B112N.

These blocks are marked E, F, G, H, I, J, K
and L.
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ITI. MATERIAL TO BE TESTED LCON:['D,)
A. Individual Items (Cont'd.,)

|
.
L
-

3. 8ix galvanized steel junction boxes measuring

| 13-1/2" x 13-1/2" x 6" with cover. These

’ boxes are fabricated in accordance with Public
Service Electric and Gas Company Drawing number
212805-D-4131, Figure 3. Each of the boxes is
fitted with two 2" close nipples secured with a
2" Meyers scru~tite hub,

4, Twenty four 10' long lengths of 9 conductor
number 14 control cable rated for 600 volts,
This cable is manufactured by Triangle P.W.C. Inc,
and was supplied on Manufacturer's Reel No. 17025
(Salem Reel No., §5054),.

B. Assemblies To Be Tested:

Six junction box assemblies each consisting of one
junction box, two terminal blocks, and four lengths of

. cable assembled as per PSE&G Co. sketch E-101278 attached,
These assemblies are to be designated as follows:

Terminal Blocks

Assembly Configuration Position 1 Position 2
1 Left Hand E F
2 Right Hand G A
3 Left Hand H 1
a Right Hand ¢ J
5 Left Hand K B
6 Right Hand D L

C. Modifications;:

l. PSE&G Co. Test Coordinator may modify the test assem-
blies prior to test initiation. Modifications can
include (but are not limited to) drilling of weep holes
filling of boxes with insulating material, or rearranging

. terminal block positions.



3.

C. Modifications (Cont'd.):

2. Test assembly quantities may be increased if any

tests are aborted due to external circuitry prob-
lems,

IV, PREFAFATION FOR TESTING:

A. Assemblies are to have their "As Supplied” terminal
blocks removed.

B, Irradiated terminal blocks are to be installed in accord-
ance with 111 above,

C. Thermocouples are to be mounted on the top of at least one
of the terminal blocks and a thermocouple is to be mounted
on the inside surface of the junction box. (Location to be
determined by PSEAG Test Coordinator).

D. Thermocouple lead wires are to be run through 2-inch
nipples.

E. Opening of 2-inch nipples are to be sealed using PR-855
fire resistant RTV silicone foam packaged in SEMKIT two
art sealant cartridge. All space in nipples not occupied
g} cable is to be filled with silicone foam,

V. IEST - SERVICE CONDITIONS

A) All terminal points of one block in each test item will
be wired to an AC source so as to impress 140 VAC (120

VAC and margin) across neighboring points. 0dd numbered
terminal points to carry 2 - 5 a,

B) The lower six terminal points of the second block in
each test item will be wired to a DC source so as to
impress 140 VDC across neighboring points. Line
current will be limited to 100 ma,

C) Test circuitry will be arranged so as to identify
single point failures,

D) The above service conditions will be maintained through-
out the duration of the test except when circuit in-
sulation resistance readings are being performed,
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VI. ZTEST PROFILES - ENVIRONMENTAL CONDITIONS - (Cont'd.)

A)

B)

C)

LOCA
1) 125°F @ o psig to 206° @ 50 psig in 10 seconds,

2) Maintain 286°F @ 43 psig until t = 2 hours,
47 minutes,

3) 15 Binute- maximum ramp of 286°F @ 43 psig to
240°F @ 10 psig.

4) Maintain 240°F and 10 psig until tz 240 hours.

5) Duration of the test period to be determined by
PSE&G Company Test Coordinator.

Steam Line Break (SLB)

1) 125°F ® 0 psig to 350°F @ 43 minimum psig in &
minutes maximun,

2) Maintain 350°F and 43 psig until t = 10 minutes.

3) 15 minute ramp of 340°F and 43 psig to 240°F and
10 psig.

4) Maintain 240°F ana 10 peig until t = 24 hours,.

5) Duration of the test period to be determined by
PSE&G Company Test Coordinator.,

Chemical Spray

Spray to consist of 1,2% (By Weight) borie acid solution
with sufficient sodium hydroxide added to maintain a

pH of 8.5 to 10.0. Spray rate to be .15 to .2 gallons/
min./8q. Ft. Temperature of solution to be established



" D)

A)

B)

C)

A)

<)

NT D)

by conditions required to maintain test chamber tem-
perature. Chemical spray to be initiated 5 minutes
after achievement of peak temperature of test profile,
Spray to be maintained for 24 hour duration,

All the parameters specified in A, B, and C above are
to be considered as ideal and any variation of these

values must be recorded and their effect evaluated at
the end of test,

DATA RECORDING

Hourly

1) Chamber “emperature

2) Terminal Block temperatures
3) Enclosure temperatures

4) Chamber prossure

5) Chamber water level

6) Spray solution flow rate

7) Voltage

8) Line Curreny

9) Leakage currents

Prior to beginning of the test, and twice daily for the
duration of the test, IR & 500 VDC, point to point and
point to ground,

Every 12 hours, spray solution pil,

RESCRIPTION OF TESTS

Test 1 « Test assemblies 1 and 2 subjected to environmoﬁtal
conditions noted in VI A (LOCA) and VI € while subjected to
service conditions of Vv,

Tent 2 -~ Test assomblies 3 and 4 subjected to environmental
conditions of VI B (ALB) and VI € while subjected to ser=
vice conditions of Vv,

Test 3 - (1f required) Test assemblies 3 and 4, modified
as directed by Test Coordinator, subjected to environmental
conditions of VI A (LOCA) and VI € while subjected to sor-
vice conditions of V. This test to be performed in event
of fallure of Test 1,



VIII. DESCRIPTION OF TESTS (CONT'D.)

D) Test 4 - (If required) Test assemblics 5 and 6, modified
as directed by Test Coordinator, subjected to environ-
mental conditions of VI B (SLB) and VI C while subjected
to service conditions of V, This test to be performed
in event that Test J is required,

IX. ACCEPTANCE CRITERIA

The assemblies are expected to perform, throughout the dura-
tion of the tests, in the mode described in V above. 1If
leakage current of an{ test circuit exceeds 1 ampere, post
test examination shall determine the cause of the leakage
current, that is, if the failure was in the tested circuit
or in the connections to the test circuit,

X. TEST REPORT

A formal test report shall be provided encompassing all
tests that were performed, This test report should include
all photographs, drawings and data involved with each test
and each pont test inspection. This report and all in-
formation regarding the equipment tested is to be classified

as Proprietary Information.

WMPihh, v1f
11/%/78
Revised 1/5/79




CONAX | No. ps-400

CONAX CORPORATION !
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APPENDIX C

Public Service Electric and Gas Company Drawing No.
212805 D 4131«1, Public Service Electric and Gas Company
Drawing, E<101278 (sheets | and 2)
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APPENDIX D

Report on Terminal Block Irradiation Test for Public Service
Electric and Gas Company from Isomedix Inc., Parsippany,
New Jersey, dated November 10, 1978
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ISOMEDIX

November 10, 1978 P

Mr. G. W. Supplee

Chief Electrical Engineer

Public Service Electrical & Gas. Co.
80 Park Place

AT Jrf W

Newark, New Jersey 07101
Dear Mr. Supplee:

Enclosed are revised data sheets to Yves Doyle's letter of
October 5, 1978, Earlier sheets omitted Isomedix and PSE&G Co.

identificaticn.
Very truZours i
grbles Ronk
General Manager

Encl.

CR:km

Isomedix Inc. ¢ 25 Eastmans Road. Parsippany, New Jersey 07054 « (201) 887-2666
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October 5, 1978

Public Service Electric & Gas Co. fj ,’/
80 Park Place 4 / ‘{
Room 616-MP bﬁzf l‘]

Newark, New Jersey 07101

Attention: Mr. G. W. Supplee
Chief Electrical Engineer

Dear Mr. Supplee:

This will summarize parameters pertinent to the measurements and
irradiation of your twelve Modified Buchanan terminal blocks,
catalog No. 2B1l12N (8) and No. 616508-6 (4), identified as samples
A through L.

Each block had a D,.C, high potential test (500 volts D.C.) before
irradiation with our Bendix Insulation Testor, Type 60B4-1A
(calibrated 4/28/78) at 500 V.D.C., and also after irradiation.
From each point to ground and from point to point, no current was
detected beiore and after irradiation. Attached you will find the
data from these tests,

For irradiation, your samples were placed in a Cobalt-60 Gamma
field, such that the dose rate was 0,98 Megarads per hour. They
were exposed for a total of 204.1 hours, yielding a total dose of
200,.,2 Megarads, Rotation of 180° was made halfway through the
exposure time to obtain a more uniform dose distribution,

Dosimetry was performed using an Atomic Energy of Canada, Ltd.
(AECL) , Red Perspex system with Type BC-2 readout. Calibration
of the Perspex is made by AECL using Ceric dosimetry traceable

to the U, S. National Bureau of Standards. 1Isomedix regularly
cross-calibrates its AECL system with an in-house Harwell Perspex
system, and makes semi-annual calibrations directly with NBS,
using the NBS Radiochromic Dye system. A copy of the dosimetry
correlation report is available upon request.

Isomedix Inc. ¢ 25 Eastmans Road. Parsippany, New Jersey 07054 « (201) B87-2666



Mr. G. W. Supplee October 5, 1978

Irradiation was conducted in air at ambient temperature and
pressure. Radiant heat from the source heated the samples
somewhat, but the temperature did not exceed 85°F, as indicated
by previous measurements on an oil solution in the same relative
position.

Irradiation was initiated on September 15, 1978 and was completed

on September 27, 1978,
Very truly youprs;\ {{
Nud /CJ7 '

Yves L oyle
General Manager

YLD:mv

Enc.

Isomedix Inc. ¢ 25 Eastmans Road. Parsippany, New Jersey 07054  (201) 887-4700

CNIC‘GO D'V'S'ON . RN Nagie Ave Mortin Growe Hhinges G004 (112) 966 1160



PUBLIC SERVICE ELECTRIC AND GAS COMPANY
ENGINEERING AND CONSTRUCT ION DEPARTMENT

SALEM NUCLEAR GENERATING STATION
AUTHORIZATION A6300.1

ATTACHMENT TO REQUISITION NO. E-17512NU
DATED SEPTEMBER 11, 1978

; TERMINAL BLOCK IRRADIATION TEST FOR

{i PUBLIC SERVICE ELECTRIC AND GAS CO.
¢ -

'

'

SCOPE

This test shall be performed to certify the effects of gamma

radiation on the dielectric characteristics of two types of
terminal blocks.

TEST MATERIAL

(a) Eight Buchanan Terminal Blocks, Catalog. No. 2B112N

that have been modified by removal of the marking
strip.

(b) Four Buchanan Terminal Blocks, Catalog. No. 616508-6

that have been modified by removal of the cover and
marking strip.

PRE-TEST MEASUREMENTS AND IDENTIFICATION

(a) A pre-exposure D.C. high potential test (500 volts D.C.)

shall be made from point to point and point to ground of
each terminal block.

(b) Each terminal block is to be marked in such a manner that
it can be identified after exposure so that pre-exposure

as well as post-exposure high potential tests may be com-
pared.

IRRADIATION TEST

(a) The terminal blocks are to be irradiated at a dosage rate
of not greater than 1 megarad per hour.

(b) A total dosage of 200 megarads is to be achieved.



Attachment to Requisition E-17512NU Page 2

5. POST RADIATION MEASUREMENTS

(a) A post-exposure D.C. high potential test (500 volts D.C.)
shall be made from point to point and point to ground of
each terminal block.

6. RESULTS

(a) Ten certified copies of the test report are to be forwarded
to Public Service Electri¢ and Gas Company to the attention
of Mr. G. W Supplee, Chief Electrical Engineer.

(b) Upon authorization from Public Service Electric and Gas
Company's Chief Electri:al Engineer, the Terminal Blocks
are to be shipped to:

Conax Corporation

2300 walden Avenue

Buffalo, New York 14225

Attention: Mr. Frank Illig
Manager of Testing
Nuclear Products.

‘ The package is to be clearly marked as material for testing for
Public Service Electric and Gas Company.

WMP:hh
9/11/78
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