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|

'
J TEST SPECIMEN'

Okottite rand 3M Companies
10 MANUFACTURER _.

40 SUMMARY .

Various cable splice asemblies, as described in Paragraph 6.0, were subject to the
en gental qualification program described herein. These specimens are as installed in

amayower C*-sny's Farley Nuclear Generating Station.

| , is Quali ation Test Program was performed to satisfy the intent of IEEE Standard
323 1983, Standard for Qualifying Class 1E Equipment for Nuclear Power

NGenerating S tions".
W .-

1
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6.8 REPORT FORIEAT ,

flhe Test Program was performed as specified in Reference 8.1 and as detailed in this test :!
report.' 'he individual;teet results and test procedure are presented in the following <-

- eections: -- _ .- . .._
.

1Section I-- -- Baseline Functional Tests !.
'

Seation E Radiatlan Exposure t

. Section m - Post-Radiation Exposure Functional Tests >

Section !Y -- hermal Aging . . . . . - . . . .

; .. $_Section V Post-Derrnal Aging Funettonal Tests
~ '

Section VI : - Imes of Coolant (LOCA) Test '
'

Sectic, VE - Poet-LOCA Functional Test
Section VI!! - Wyle Laboratories Qualification Plan No. 17942-01, Revision A.

J
Dis report covers testing on the 15-year test specimens only (Specimens 1.1 through 14.3). i

: Also included in the Qualification Plan of Section VEI is testing on 40-year specimens.

;
(Specimens 15.1A through -15.3) and 4000 volt specimens (Specimens 16.1 thropgh 17.3).
These tests rare not completed in time to be discussed in this test report, ar4 shall be
documented ir. addenda to this document.

I g.
6.0 TIST SPECIMEN DESCEIFTION

i
I. De test specimens consisted of 14 different splice constructions as listed below. '!hree of

each specimen _were buBt (4 for Specimen 10) with the XX.1 specimens undergoing the full ,
test sequence. -De XX.2 and XX.3 speelmens were spares which were aged and irradiate <'':

but were not subjectsd to the LOCA test. The test specimens were constructed by Wyle
Laboratories' technicians using materials provided by the Farley Nuclear Generating Station ' ;
and under the s@ervision of Alabama Power Company technica1 representatives.:

.

,

Spesinnen W** Test-- . Test -
Now Ca M e E se(s) rhfleuration* Overlap Voltane Current

1),1.2,1.3 1/0 to 1/0 AWG NTO2 1/2* 833 VAC 27A;

2.1,2.2,2.3 1/0 to 2/0 AWG NTO3 3/4" 833 VAC 27A
,

3.1, 3.2, 3.3 1/0 to 8 AWG NTO6 1" 833 VAC 27A

4.1,4.2,4J 2/0 to 2/0 AWG VTO2 1/2" 633 VAC 130A

5.1, SJ, 5.3 ' 2/0 to 2/0 AWG VTO3 3/4" 833 VAC 130A

~ 6p8.2,8.3 2/0 to 1/0 AWG VTO6 1" 833 VAC 130A,

- 7 p .2, 7.3 1/0 to 12 AWG TO2 1/2" 833 VAC 20A

8.1 8.2, 8.3 8 to 8 AWG TO3 3/4" 833 VAC 20A

3.1,9.2,9.3 8 to 12 AWG TO6 1" 633 VAC 20Ab:

wns u.c==
Maritsvoie Feca.ty

,

a
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L. .

8.0 TEST SPECDEN DESCRIPT10N (Contitmed)

specimen spuce** Test Test
No. Cable haf=C Configurntion Overlap Voltage _ _ Carrant

/ /
,10.1 A & 10.1B 12 AWG to ASCO NTG1 1/4" 137.5 VDC 200 m A" *

10.2, 10.3 land
.

11.1, 11.2, 11.3 12 AWG to ASCO VTO1 1/4" 137.5 VDC 200m A" *
Lead

/
12.1, 12.2, 12.3 12 AWG to ASCO TO1 1/4" 137.5 VDC 200m A* S *

Lead

;. 13.1, 13.2, 13.3 12 AWG to ASCO NO3 3/4" :,37.5 VDC 200m A" *
~

Lead

14.1, 14.2, 14.3 12 AWG to ASCO NO6 1". 137.5 VDC 200m A* "
Lead ,

NOTES: ,

; m

* T= OKONITE T-95 Insulating Tape. Applied in 2 half-lapped layers. < ~

N= OKONITE No. 35 Jacketing Tape.'-

Applied in 2 half-lapped layers over T-95 tape.

V= 3M Scotch Super No. 33+ Vinyl Jacketing Tape.
Applied in 2 half-lapped layers over T-95 tape.

Overlap refers to distance from end of lug to end of T-95 tape (Specimens 1-12)"
*

or No. 35 tape (Specimens 13 and 14h When Jacketing tape was used, it was
applied 1/2" beyond the end of trat T-95 tape. _

Circuit load was an ASCO 125 VDC Solenoid Model No. HV202301 - 23 Watt*"

provided to Wyle from Parley Nuclear Generating Station.

7.0 TEST PROGRMA RESULTS

It we.s demonstrated by testing that the test specimens are qua11 fled to the below listed
environmental conditions in accordance with IEEE Standard 323-1983, "IEEE Standard for
Qua18fying Clasn IE Equipment for Nuclear Power Generating Stations".

Radiation Dose 22 Megarads Gamma
'

Service Temperaturet 120 F (Containment),104 F (Main Steam Room)

Qualified Life: 15 Years

Design Basis Event (DBE): See Test Profile in figures of Section VL

wytsLAnonATomta
. umsv u Faca.ty

- . . .. . _ _ - _ _ _ - _ _ _ ___ ___ _ _______________________________________________ __ _ __ _ _ A
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7.8 TEST PROGRAM RESULTS (Continued)

Two snomalies occurred during this test program. nese anomalies are discussed briefl
below and in more detailin Sections II and VL

Kotice et -- --- -- ~ - - - - -

- Anomaly-

No. Date Descriptian
__

1 9/23-25/87 Documents the usage of a high-speed line printer
that was outside of its calibration Interval during
the LOCA test. De printer was checked after the
test and found to be within the manufacturer's
tolerances. The LOCA test data in this report came
from another source of hard copy information. This
anomaly is judged to have no Impact on the
qualification of the test specimens.

2 9/30/87 Documents radiation level overexposure on
Specimens 10.1A through 14.3 during the radiation
exposure at the Georgia Institute of Technology,'.
These specimens were irradiated to 22 megaradp
versus a requirement of 2.2 megurads. This errot-
occurred because of a mistake in specifying th&

*requirements to GA Tech. The anomaly resulted in
an overtest to the Main Steam Room specimens but
did not impact their performance during the LOCA
test.

8.0 REFERENCES

8.1 Wyle Laboratories Quallfleation Plan Numbe - 17942-01, Revision F
" Qualification Plan for Splices Fabricated with 3M dutch 33+ Vinyl Plasti
Electrical Tape and Okonite Splicing Tapes No. 35 ana T-95 for Alabama Powe
Company for use in Farley Nuclear Plant" (see Section VIID.

8.2 12:EE 323-1983, "IEEE Standard fx Qualifying Class 1E Equipment for Nuclee
Power Generating Stations".

8.3 IEEE 383-1974, "IEEE Standard for Type Testing of Class IE Cables, Fiel-
Splices, and Connections for Nuclear Power Generating Stations".

8.4 Regulatory Guide 1.89, "Quahfication of Class IE Equipment for Nuclear Powe.
Plants', dated November 1974.

8.5 10 CFR 50.49, " Environmental Coalification of Electrical Equipment Impcetan
to Safety for Nuclear Power Plants, U. S. Nuclear Regulatory Commission'
dated January 21,1983.

8.6 Code of Federal Regulations 10 CFR 21.
v

8.7 Code of Federal Regulations 10 CFR 50, Appendix B.

WYLE LASCRATORIES
HuntsnHe Facihty

.
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[ 9.8 QUAI 2fY ANURANCE .

- All work performed _on this test program.was done'In accordance with Wyle Laboratories'f
; Quality Asurance Program,'which complies with the applicable requirements of 10 CFR 50,
Appsndix B, ANS1 N45.2, and the " daughter standards. Defects are reported in accordance .a

'
' with the requirements of 10 CFR Part 21.

:18.01 Terr EQUIPMENT AND INSTRUMENTATION

L AR.' 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 apeelftention MUeSTD-45662. - Standards
: usedLin performing all. calibrations!are traceable to the National-Bureau.of Standards by o

report number and date. When'no national' standards exist, the standards are' traceable to
'

international standards or the basis for calibration is otherwise documented.

a.

} r.

i ..

3 i

[ ;

*
.

A

'

.

F

5

.

k

.

WYLE U fcAATDRIES
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SBC'I M I

BASELDS FUNC11r''ALTESTS
?

LS~ REQtmtnumer5

L1 Test IDeminen Preparation.

De test < specimens shall be prepared in accordance with Table IV and Figures 5-22 of.

Section VHL i

Lt. Amosptanea Criteria

L2.1 contiretty test
'

Continuity shaR be 1 ohm or less when measured with a digitc1 ohmmeter.

1.1.2 huulatlan Resistesse ' I
i

1rsmlation Resistance shan be measured at 500 VDC for 1 minute for Information only.l.
~ , .

% ,;
2.0 PROCEDURE-

2.1 Visualkupsetion

A visual inspection was performed on the test speel:nen asembly components upon their
receipt at Wyle Laboratories. There was no visual evidence of damage to any length of ,

cabia ce smembly component found during this inspection. The assembled test specimens
were photographed and tagged'with Quality Amurance ? Test Specimen" tags to facilitate
their identification shring the test program. ,

2.21 Test W Pteparation
1

All of the materials regdred to prepare the test speelmans were provided to Wyle-
Laboratorias from the Farity Noeleer Generating Station (FNGS) stock. Wyle technicians

,g -asembled the test specimens under the supervision and guidance of on-site Alabama Power
Company technical representatives. De completed assemblies were approved by Alabama
Power Company representatives prior to commencing testing. De _ following procedures

; were followed in the assembly of the test specimens:
W/
L

1. IS4ach pleens of the- following emble sizes were cut from the cable
R provided to Wyle Laboratories. For the Main Steam Room specimens 3
L (Specimens 10.1A to 14.3) the ASCO leads were approximately 9-12 inches
p and were eut off ASCO solenoid coils provided from FNGS.
L
,-

.

I' WYLE LAeORaTORIES
k] Muntenue Feeinty

, .
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~ 2.0 PROCEDURES (Couthused l
.

L Lt . Test speehme Preparation (Cetinued).

speeta==-,

--

Neusbert Lead 1 " Lead 2 * * -

.1.1,1.2 & L3 1/C 1/0 AWG 1/C 1/0 AWG
2.1, 2.2 & 2.3 1/C 1/0 AWG 1/C 2/0 AWG

. 3.1, 3.2 & 3.3 1/C 1/0 AWG 1/C-8 AWG-
'

4.1, 4.2 & 4.3 1/C 2/0 AWG 1/C 2/0 AWG
5.1,~ 5.2 '& 5.3 - 1/C 2/0 AMG 1/C 2/0 AWG

- 8.1, 6.2 & 6.3 1/C 2/0 AWG 1/C 1/0 AWG .;
7.1, 7.2 & 7.3 1/C 1/0 AWG 1/C 12 AWG

'

8.1, 8.2 & 8.3 l/C 8 AWG 1/C 8 / WG .

9.1, 9.2 & 9.3 1/C 8 AWG 1/C 12 AWG ',

10.1 A,10.1B,10.2 & 10.3 1/C 12 A W G 1/C 18 AWG ASCO LaEd*" '

11.1, 11.2 & 11.3 1/C 12 AWO 1/C 18 AWG ASCO Lead"* -

12.1,'12.2 & 12.3 1/C 12 AWG 1/C 18 AWG ASCO Imad"*
13.1, 13.2 & 13.3 1/C 12 AWG 1/C 18 AWG ASCO Lead *"
14.1, 14.2 & 14.3 1/C 12 AWG

1/C 18 AWG ASCO Lead"* h.p
* 'three identical speelmans of each type (4 for Specimen 10) were '

. - essembled. ~ '!he latent was to test the XX.1 specimen with the XX.2 and
XX.3 as spares.

- ** Cable supplied to Wyle was 1/C 1000 VAC, Okonita (epi-CSPE Cu cable.
1he FNGS emble codes were 1/C 12 AWG4A2,1/C 8 AWG404,1/C 1/0
AWG408, and 1/C 2/0 AWG-JO9.

*"' 1he glass braid on these leads was pushed beek or cut beek as the splice was
prepared.

2.I An appropriate size compression lug was attached to each end of the above
wires. 'Ihe Burndy lugs were supplied from FNGS and crimped with a Wyle
Burndy crimping tool

>-

b~ - 3. '!he lugs were joined using copper or stainless steel hardware.

L
y

.

--g M

MuntsvlHe FaCHily
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2.0 - PROCEDURES (Castinued):
,

2.2 Tsuespeatman preparatsa (Catinued)
~

'. sheatme. Typeet
Itsabers Jaakoting Tage Overlap

.

1 Okonita No. 35 ' 1/2"
2: Okonite No. 35 1/2"
3- Okenfte No. 35 1/2"-
4 3M Sootch Super 33+ 1/2"

- 5 3M Sootch Super 33+ 1/2"
8 3M Scotch Super 33+ 1/2" !

7 None N/A:
8 None N/A -i
9 None N/A

-

.,

10 Okanita No. 35 1/?"- J
*

.
11 3M Scotch Super 33+ 1/2"
12 None N/A-
13 None N/A
14 None N/A

.

7.- Specimens L1, 2.1, 3.1, 4.1, 5.1, and 8.1' were installed inside' a 24" x 24" x
5" NEMA 1 enclosure. This enclosure contained four 2 in. holes with Myers
hubs and the test specimen leads were routed through these holes.1he
paint was scrapped on the subpanel and the spUce mounted flush with this
surface..

8. Seelmans 10.1A & 10.1B,10.2 & 10.3,11.1 & 12.1,11.2 & 12.2,11.3 &
12.3,13.1 & 14.1,13.2 & 14.2, and 13.3 & 14.3 wars mounted inside 3/4-c

'

inch Type C condulet . Ottings. The leads were routed such that the
18 AWG ASCO wires penetrated one end of the condulet and the 1/C
12 AWG wires penetrated the other end.1he 8 condulets were tie-wrapped
to a 38" L x 30" W x 4" H ! adder rung cable tray for handling during the
radiation ~ exposwe., ,

.

- 9. Specimens 7.1, 8.1 and 9.1 were mounted in a 12" W x 36" L x 6" H. cable
s

. tray for Baseline Functional Tests and radistion exposure only. For jthermal aging and the LOCA Test, they were inside the housing of a j
Limitorque actuator (see Section IV).:

.

,

%'aw % ,,-

M LA N TQ5Ha5
nwon= Facmey,

||? -
;
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1.S . PROCEDURES (Castinued)

. L2 Tsut Men Preparatica -(Catinued)

c
' L he Okanite T-95 lasulating tape was applied over the' bolt and lug area to-

a . thickness 'where no sharp edges could be felt. We T-95 tape was
tensioned to approximately 75% of its initial width as it was applied.

- 5. Okonita T-95 lasulating tape (thecimens 1-12) or Okonita No. 35 tape-

(Specimens 13 and 14) was applied to the cable insulation in two __ half-
-

lapped layers to the~ overlaps listed below. - Dese overlaps were mounted
from the end of the emble insulation and not the and of the hat. It should

- be noted that no attempt was made to clean the emble_ surfaces during
-assembly. His was felt to be the most conservatin approach with respect -
.to aeosion of the tape., he T-95 or No. 35 tape was tensioned to 75% of
its initial width as it was applied.-

"

Sr.wissen :
ltusmbers Overlap Distance j-

I1 1/2" |..

2 '3/4" 5
(- 4

3 in
4 1/2"
5 3/4" -

6 1"
7 1/2" l

8 3/4". .

9 1"-
10 1/4"

'

11 1/4"
12 1/4"
13- 3/4"
14 l'

,

8. Okonita No. 35 or 3M Sootch 33& jacketing tspes were applied ovar tlw
Okonite T-95 tape to the "ollowing listed owelap distances.-_ Dese tapes >
were also tensioned to 75% of their Initial width prior to application.

.

.

5

m

; Huntsvm. Poemty

w. 4. -. M
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~ 2.0 PROCEDURB (Contimmed) -

;

2.2 - Test W Preparatism (Centismed)

.,
, 10.-_ So .remainirig specimens were tie-wrapped to the rungs of the 38" L- E

,

' 30" W x 4" H oable tray such that the splice was inwsontact with one of the+
.

-rungs.

11. . Photographs were .taken of ' the' complete asembly and dring the - :i
'. preparation of eseh specimen type.,

W- _

L : 2.3 BaseMme FuentlemalTests
.

2.3.1 tesidation Basistanee Test

Using a magohmmeter, a potential of 500 VDC was applied twtween one end of the specimet
cable and' the - tray, condulst or enclosure to which .the specimen was . mounted. The

.. Insulation Resistanee was recored after 60 seconds and the spesimen de-energized.

2.3.2 Centimatty Test I
#

-

p The resistance between the two ends of the swimen cable was measured using a
~

L ohmmeter whleh utf11 sed Kelvin Bridge citer's. Rene veJ we were recorded as soon as a'

4 : stable reading was ~obtained. ~

'
:

[ 3.8 - EBULT5
p.

'

; h e test specimens- were -subjectMI to . the . lageetionw, preparatiott and testing of
y ' Paragraph 2.0 which met the requiremt.nti, of Faragraph 1.0. ,,

1The data recorded from this piase of testing is presented.in Appendices ! through m as
noted below:

e: Appendix ! contains Photographs 1-1 through I-19 which show the speelmens
,

during 'astembly and mounted in their trays, condulets or enclosure.

-e- Appendix 5 contains the Baseline Funettonal Test Data Sheets. .,

!

.- e appendix E contains the Instrumentation Equipment Sheet which lists the
D equipment used to take data. >
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|DATA CHEET.

.

Custome, Alabama Power

Sfecimen Okonite Tape Splices

YIPart No. T-95. No. as and scotch 334 Ame. Temp. . lob No. 17947
17'47'01'Spec. M F 17492-01 Photo _ /E4 Repon No.

Alf '/* PPara. 33 Test Med. Start Date
SIN N S #Cimen Temp. Ambient.-
GSI Ho

bA#I/>LJ6 runctional TestTest Title

Acceptance critaria, Insulatien Resistances (at 500 VDC Jgr 1 minutet and centse
Resistances (via Kelvin Bridge Method) shall be measured fc

information only.

.-

Specimen No. Insulation f.esistance Contec_t Resistance.

). ,.3 Y lo ' A JL 'd 35 . '1.1

1.2 2.0 Yle " A - D.Shm;.

.1.3 3. C R (c '" ./L C. [.
2. 6 M IO " s\ C1. 3 / .2.1

1.~7Alo'2 ./L o . 32 -2.2

23 1.4 A fo '* A O 3T -
3.1 9. C' YIo '" JL. [ .Ob
s.2 I .c X te '' at /. !o,'

s,s 2.s* Xte ''ju I . || +

/ . O A /0''JL o .J 741

4.1 1. 3 Ylo'' A O Des
<.3 I.0 Xlo''JL 0 28s
s.1 f.| Y fo '' R O.Q@r
s.1 ( .g g to o _n_ o . ,) p ,

s.s 9.G gro'*_n_ O.2e,'

Tested B Date .!
Witness. ^* Date:

Notice of f Sheet No. 1 -- of .'

Anomaly Approved * d b ~ W'!
' '

9d. - . . . . . . .
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INSTRUMENTATION EGUIAMENT SHEET MGE . ;
, , , . _. . . . . . - - . --

MTE: V!/01/B7 Jul UER: 1*147-00 "T.!* MIA: L.IO. U
*C41C* AN C. AARX7M CUETDER: .u , G ER *YDC 737: !. R.

C. :'GTOOT WeEACTJER Mt SERIAL e dnI e EMET ! M Y: CAL %it CA.:LE

I 'Ci M1 64 1964 L37113180 011838 53-$0fDet $tatsG 04/%/67 ;3/%/87,

2 'Ei MTR IDER4. AADIO 1&&2-C 257 102192 .$-2I1 C a -is 05/16/87 11/18/07
3 M S NTE AML.lA 4150 62123 101060 .02-2 c e .02106 03/10/87 $1/:0/87
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17947-41Test R
DATort No.A SHEET

Customer Alabama Pover WYt.E LABORATORIES_

Specimen okonite Tane splicas

7E*',Part No. T-95. No. 35 and Scotch 33+ Amts Temp. Job No. 17947

Spec. WLQP 17492-01 Photo VE6 Report No. 17947'O

Para. 3*3 TestlAed. . Air i Start Date 9'/ ~f

Specimen Temo. Ambient~

Test Title M[// [ P a tional Test

(Continued)

Speciman No. Insulation Itesistance Contact Resistan:

O12.1 |,|)(lo A 4.6
6,8 i /c '' A T.7I12.2

12.3 6. 7 A lo '' A. /0. /r
13.1 '#) . O % I o ' JL f 67.fI
12 2 .2 ,1/ Y to'' JL } /o . /6

;
13.1 40 X lo '' A. lo .n
14.1 5.o X lo'' _A. 9./z

l .S* YIo'' 1 6.n .1<.2

7.6 FIo'' A Ro . Sc14.3
.

3. 6 / IO ''.E. 3 iz15. u

is.la (,2 i jo ''A 3. Ig .

15.1c A .O $lO A 3.a ?
3. 2 X/o'' t S .o4n.n

1s.2m JP. 2 XIo '' A 3. Io
15.3 .2. Y X /o ''.)L 3 i2

3

j Tested By C' o Date:

Witness - NN Date:
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WYLE LABORATORIES

Specimen Chontte Tape splices

W.,, art No. ?-95. No. 35 ant secteh 33: Amb. Temp. Job No. 179'?
S',ec. ~LCP 1?492-01

'

Photo t/ % Report No. 17947-01
,

Start Oate Y~ /* 7 7Para. 33 Tast Mec. Air
. -

' SIN No SAGCimen Temp. 1*^t.

GST N*
.

n
Test Title fJ ehf//N Funttienal Test

, _
-

(Continued)
__

Specimen No. Insulation Resistance Contact Resistance

6.1 |. l Y 10 ,,0 C |/ ,2
6.2 f . H .t 'O ' 1 O 3' 2
s.3 ! I t'le'2 A h .1 ; .mR

;2.S k |: '' JL 2 R r a.. L:
,.1

,.2 lI \ lo '' Ji 2.22mk
b - Q d 'C ' J1- . 2 36 ~S g_

7.1

a.1 I. [ k oc ''JL i . ?. > + Jt

!!. 6 Y IC ''' f,_ I8EQ8.1

2 87/o' * .!L J 4 / m fl._3

h .O N !.; R ? . 4[* C1
'#9.1

,

8. 9 / 'e ''.,1, 3.0 7,w;L9.2
_

9.3 e' . S \ 'O " jl .$, t 2 m L
10.1A Q e,, ( l p ^ ,,,g,,,, ,3,3 7 o e 1
10.18 ,2 @ k 8 0' JL b.20.%1
10.1 i ,,2 x c'; n_ G . C G A.s

,~. c ? r C ' '' .P 9. I $ .n110.3 <

11.1 t/ .O ) 'O " R /C . af ./t
11.2 R E J' 'O /l I I ' *,t | 3

n.1 ,2 ? r :c ''.Q ! & s r # A.
M"e A' cate: *' ' ' *)

i . i

Testea ey
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SECTEDN E
j

miaM['30N IIPOSURE
.-

,
i k

! 9- ggi,
,

The test speelmens shnu .be lavadiated to a radiation :enposure of 22 megarads for !
Containment %*rimens 1.1 to 9.3, and 2.2 megarade for Main Steam Room Specimens 10.1A i

n to 14.3 using a Cobalt 80 soures.
{
;

2.0 PROCEDUR E
;

De test specimens, mounted in their respective trays, condulets or enclosures were placed
;In the hot een at the Neely Nuclear Research Center of the Georgia Institute of Technology ,

and redir led as foBows:
!,

*i i

hashness Dese Este Time Total Dose

1.li2.1,'3.1, 4.73E5 Rads /Hr 48.55 Hr 2.20E7 Reds J
4.1, 5.1 & 6.1 .

' ' '

10.1 A to 14.3 4.67E5 Rads /Br : 47.13 Hr 1.20E7 Rads

Remaining items - '4.68E5 Rads /E 47.01 Br - 2.20E7 Reds )
[ . De. test specimens were not powered du'ing the exposure period.

*
. . . . t.

13.8' :REBULTS

The test. specimens possessed suffielent integrity to withstand the radiation exposures of
Paragraph 2.0 without compromle of function. No physical change was noted on the
specimens after the irradbtion ps lod. .

I- One= anomaly ocourred during the radiation exposure and was not detected until the test had
been completed. Thk anomaly, Notlee of Anonsaly Number 2 in Appendir 1, documents the
overesposure of the Main Steam Rosm Speelmans 10.1 A to 14.3. Dese specimens were to -

receive.2.2 megareds but were exposed to 22 magarads. His error coeurred because the
wrong does levet was spneified by Wyle Laboratories to Georgia Tech. Dese specimens did,

- ' however, complete the. test satisfactority and thus their quallfloation exceeds their radiation f

requirement.

': The deta~ from this phase of testing is presented in Appendices I and II. nose
L appendices contains-

e Appendiz ! eentsins Notice of Anomaly Number 1.
v *e Appendix H contains the letter of certification on the radiation exposure

from Georgia Tech,

wyg,g i annaaTonMS
HuntevtHe Fecahty

+n_...__....._.-___m.___.___' _ . . . . . _ . . _ , _ _ . . - - - . ~ . _ _ , - _ . - , . - - , _ . . . - . . , _ , . . - _ _ _ . . . - , _ . - - . _ .
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'

WYL.E.- . . . .

NOTICE OF ANOMALY ^ ' '
october 5, 1987

'NOTICE NO; P.O. NUM B ER: CONTRACT NO:
CUSTOMER: Alabama Power Company 17947WYLE JOB NO:

'

NOTIFICATl0N W A0E TO: Rick Woodfin-

, NOTIFICAfl0N DATL Sept. 30, 1987
NOTIFICATION M ADE BY: Joe Hazeltine On-siteygg.

CATEcoRY: O f#ECIMEN D PROCEDURE O TEsf EQUIPMENT UNo'uatYsept2-4,' '
1987

PARTNAML N/A
!PARTNO.

"* D '"#"TEST:
l.O. N O..,. N/A

SPECIF6 CATION; WQP 17942-01, Revision A Table IV,,g gg

g REQUIREMENT 5;

5.The specimens shall be irradiated as specified in ;able IV. Table IV specifies
2.2E7 Rads for Specimens 1.1 to 9.3 and 2.2E6 Rads for specimens 10.1A to 14.3.

t
I
i
<

DESCRIPTION OF ANOMALY;

Specimans 10.1A to 14.3 were irradiated to a total .4one of 2.2E7 Rads.

o

J5 POSITION . COMMENTS RECOMMENDATIONS.
-

The mistake in the above radiation exposure was not detected until the test program
had been complete. This error occurred because the wrong dose level was specified
by Wyle Laborataries to the Georgia Institute of Technology Neely Nuclear Research
centest. These specimens did, however, successfully complete the IDCA Test.

This anomaly resulted in an overtest to the main steam room specimens, but
apparently did not impact their performance during the 14CA Test.

NOTE:
IT IS THE CUSTOMER 1 RESPONSilluTY TO ANALYTE ANOMAuES AND COMPtY WnN 10 CFR PART 21.

/
g

VERIFICAT10N:
PROJECT ENGINE D *}I -

TEST WITNESS; Rick Woodfin
~ PkOJECT M AN AGEh I S /O

RE/ RESENTING; AIADAEA ECW*# CC3"EADY (N / /Y / 2
'

O NAT

/*fr!NQUAUTY ASSURANCE; *#'
a -

Wyle Fernt W9 1004 Row. 4AM 's4 __:

pgp / et I

4

. . .. _ _ .

. - . . - .
- - - - - - ~
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'

Georgia institute of Technology
NEELY NUCLE *AA AESEARCH CENTER

900 ATLANTE CRIVE ,

ATLANTA. GECRGIA 3033D-0425 ,,,

,. .

'

October 5, 1987

Uyle Laborntories
7 BOO Gourtors Drive
Huntsville, Alabama-. 35807-5101

P

Attentiont Mr. Joe Hazeltine Referenco: 4-7103-5
720992

;-

Gentlemen:
|

The-items covered by the above number have been irradiated in accordance withJ
quality assurance requirwenta using Cobalt 60 (, sama energies 1.173 Hev,1.332'

Hev) to the total dose requested.

We certify the specifics of the irradiation as follows:

' Irradiation Period: Interval between September 2,1987 through September 4
| 1987 as shown on the enclosed Gamma rraciation Log

'

Sheets.

f. Dose ~ Rete: '(NTE) 1.00 E6 Rads /hr-(Air Equivalent)
,

Total Dose: 2.20 E7 Reds ( Air Equivalent)

Dosimetry: Victoreen Model 5003-1 Integrating / Rate Electrometer
System with ionization chaucer probe. Calibration by

-Victoreen traceable to FSS Cobalt-60.

Calculations, a sketch, or photographs of the arrangement are enclosed. Please
_ .let us know if any additional information is needec.

Yours truly,

' [g . go = _ ,

*

Dr. R.A. Karam
: Director-
! t

RAX:jlr

Enclosures

,..
!

- - .-
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GEORGIA INSTITUTE OF TECHNOLOGY '

Nuclear Reseircn center
900 Atlantic Onve. N.W.
Attenta. Georgia 30332

4404)894 3606
GAMMA 1RRADIATION LOG

Cilent: _ !'u f a f2 W mearfer NRC Reference; 720992.

'

Reference: d-71nt c Total Dose: 2 2 E7-
__

,

I

| tem: rakt= Trmy!1 =>. uste-- Dose Rate: JNTt) 1.0 t6

1

Laosed _ Dose Rate Total Dose Curt ; 'itive ;Start Stop
Hours Rads / hour Rads Dose + Rads '

9/2/87- 9/4/87

1037- 0910 46.55 4.73 t$ 2.20 E7 2.20 E7
|

r

e

h
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#
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;
,

:

.,
DOSE RATE DETERMINATION

E x P x D x T.x H x H x R s Dose Rate, Rads /hr (Air Eqiuivalent) :

E Electrometer High Level Conversion
P = Probe Efficiency
D e Dose Conversion,-Roentgen to Rad
T = Temperature Correction to O Degree Celt vs~

H s Pressure Correction to 760 Millimeters .ercury
11 s Time Conversion, Hinutes to Hours
R s Electrometer Reading

E P- D' T M- H R - Dose Rate, Rads /hr
w. .

100 0.939 .0.869 1.050 1.025 60 36.95 4.68 E5 I
'

~ ~

100 0.939 0.865 1.050 1s025 60 88.66 4.67 E5
100 0.939 0.868 1.050 1.025 60 39.80 4.73 ES .

<
.

's

WLE LABORATORIES: 4-7103-5r.

GEOROIA TEC;1 NUMBER: 720992

.

s

. ' .

-

!

(
L Ts

'
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GEORGIA INSTITUTE OF TECHr10 LOGY
Nuclear Researen Center
900 Atlante Orwe. N W
Artanta. Georgia 30332

i4041894 3608

GAMMA IRRADIATION LOG
Client: "Vl* I'*b*'''*'A**

N RC R *'''* *C *: "
'' Reletence: 4-7103-2 rogag ons,; 2.20 h

pose pg, , (NTE) 1.0 t6 |item: Cable Tray /18 ea. Splices

tart Stop Lapsed Dose Rate Total Dose Cumulative
Hours Rads / hour Rads Dose Ra0s

9/2/07 9/4/87 |
1

1039 0940 47.01 4.68 E3 2.20 E7 2,20 g7

|

' $
1

d
-

_

O

e

Date-- -
'

'Perforcsed *

#A _- 1eI /o -, o - f 7-

Reviewd w G,7
, ,w.

s

-

+ = - -
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Test Report No. 17947-01-
'

CESREIA INSTITUTE OF TECHNCLOGY
Nudear Researen Center *

*

900 Atlanuc Drive. N.W.-

Ausnta. Georgia 30332
,

(404)894 3408
GAMMA IRRADIATIOh LM '

Client: Wie wraeories NRC Reference. 720992
E

Reference: 4-7103-8 Total Dose: 2 2 F7
'

'
-

.

| tem: Nome Enclosure /6 solices Dose Rate: (NTE) 1.0 E6

,

Lapsed Dose Rate Total Dose Cumu!stiveStart Stop
Hours Rads / hour Reds Dose Racs

9/2/87 9/4/87

1037 0910 46.55 4.71 E5 2.20 E7 2.20 E7-

t

t
f

-

i
)

t

t

,

m Date
'

Performed M- _ ) /6~_ C - M_

~ q),L_J/cW '
'

- . . ~
,m ,

_

949-
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GEORGIA INS UTE OF TECHNOLOGY
Nuclear Aesearch Center
900 Attantic Onve. N.W.
Atlanta. Georgia 30332

6404#894 3608

GAMMA IRRADIATION LOG
Client: ''Vl* Ubotec*ti"* NRC Reference: '#9''

'~ Reference; "~Y103~5 Total Dose. 2.'2 E7

| tem: Eight (8) Condulet Tittings
_ _ _ _ pose pate. (NTE) 1.0 C6

lALsed | Dose Rate Total Dose Cumulative, , , , . . gg D
i.1,' Hours ? R.sds/ hour Rads Dose f ads4

9/2/87 9/4/87
-

1040 0948 47.13 C. 2.20 C7 2.20 E7
.. _

;-

,

.e6<-

'
*. ~

* ==

0

=

Y

M

j WWehyg

,,,,, p} | fp t ( p.yPerformed
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Test Beoert No. 17947-41-*

p
~
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+
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:1
. . . .

11tACEABILITY DATA *

,

. . .

Victoreen Electrometer-
Model Ne'aber 5005-1
Serial Number 340 -

!

- Callbrat.ed November 17, 1986 !

Ey: Neely Nuclear =Research Cent.or- '

- Georgin Institute of Technology
900' Atlantic Drive, N.W.

. Atlants, . Georgia 30332
Next Calibration Due: . November 17, 1987 . <

+

.;
Instruments Used &

.. l,

Keithley 11c, m Source
'

<

Mocal Number-261.
Serial Number 71967

. Calibration - October. 9, 1986
By: . General Electric Company '

Integrated Communication Sirvices Operation - ,

2825 Pacific Drive, Suite A
..

Norcross, Georgia 30071 --
'

Next Calibration Due: - October 9,1987

. General Electric-Traceability-
SLN-7081- Number 000480 (Dated J'J1y 17,1986 and dus January 17, 1987)
KEI-515 Number 23666 (Deted December 6,1985 and Jue December 6,1986

Hewlett t'aokard M Voltmeter -

- Model Number 3460s -
' Serial Number -709-001334

Calibration:- September 10, 1986
:Sys. Hewle tt Packard

.

-

Prot.act Supp1rt Division
2000 South Park Place

'Atlanta, Georgip 30339
h:JIt Calibratict Due - March 10,1987

Hewlett Packard Traceability
N.B.S. Number 234494 (Dated April 30, 1986 and due October 30, 1986)s

- ._ .. - ,
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..

.

Traceability Data Continued

~.
Victoreen Probe

Hodel Number 550-6 A
Seritl Number 502

Calibration: June 30, 1987
By: Victoreen, Inc.

10101 Woodland Avenue
Cleveland, Ohio 44104

Next Calibration Due: June 30,1988 -

Victoreen Traceability

Test Number DGS118/83
Calibration: September 29, 1983
FTW Chamber Model 3C-343 .

Serial Number N23361-142 ' *

;

#
.

m

4

w

e

-- -
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POST-RADIATION EXPOSURE
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FUNCTIONAL TESTS
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Page No. 5-1

Test Report No. 179 6 -01

SECTION III

POST-RAMATION EXPOSURE
.' FUNCTIONAL TENTS

1.0 REQUIREMENTS
~

bsulation resistance values were taken for informational pumoses only. Contact t esistance
shallbe 1 ohm or less when measured with a digital ohmmeter.

2.0 PROCEi,aAES

The test specimens were subjecte' to the testing per Paragraph 2.3 of Section L

3.0 RESULT 5 - ;
The test specimens were subjected to the tescs of Paragraph 2.0 which met the requirementh
of Paragraph 1.0. The data conected during these tests is presented in Appendices I through;
M as noted below. 1

_,

e Appendix ! contabs Photographs m-1 through m-3 which show the
specimens mounted in their respective trays, condulets or enclosure.

e Appendix U contains the Insulation Resistance Test Data Sheets.

o Appendix m contains the Instrumentation Equipment Sheet which lists the ,

equipment used to collect data. ,-

.

s

HuntsytHe Fecauty

_ _ _ - - _ _ _ _ - _ _ -
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PHOTOGRAPH NO. III-2
i

POST-RADIATION EXPOSURE VIEW OF
SPECIMENS 7.1, 8.1, AND 9.1
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DATA SHEET
.

Customer - u h= Pme W WORATONES
Socctmen okenits Tape apliens g
Part No. T-95. No. 35 and Scotch 33+ Amb. Temp. Job No.
g M P 17492-01 Photo we5 Report No.

[ 3.3
-

Start Date i'4*I7Test Med. Air
'

p
-

SIN No Specimen Temp. A"DA*"*

GSI No
.

Test T1tte 'To- Functional Test*

Acceotance critaria, Insulation Resistances (at 500 VDC fer 1 minute) and contact
~

Resistances (via Kelvin Bridge Method) shal1 be measured for

.

information only.
_

_ rdO A 1.W :n f.e

Specimen No. 4astrie*6en Resistance CStteet Resistanc$
-

1 ,,n. ;
. lJ r /o ./t c.y 3 301.1 ,

1.2 3.64 10'' A l.7 y to'#Jt. J g
, _

1.3 3. L.10' JL ,,7.3 < 16"A
'

-n so
2.1 31 so A 20 ,/c ft

I 9 A2
1 2.2 3.2 v10 A l.v fo x

(- *3 }3,go''JL /, y ,fo''r..
,

3.1 - /, ], |O'), 'l.'l , t 0 "JL
.t t

3.2 l . i * 10 ft I. a v /0'A~

6

3.3 I . ! ,10 A dI y10 A-
1 m a

4.1 L' _L ,Q y y9o 3 jo, /0 .pt.~4

M
, _ ,

23 lo JL /,Jyfo A4.2

l' 4.3 k 9 ,10 p |.|Wi0 12.
'

5.1 3. d y hi ,A. /. 3 ,/ o /t

"52 AV,IO^n t. o ,10 JL
*

5.3 ) g ,;o % 7 p , ,o## /t

n .

Tested By6 o- Date: 7' T*O
Al/A b Dato: NAWitness

Notice of Sheet No. 1 of 3
.

' OnF Approved 11 dAA 9~ "b7Anomaly
w,, w can. m s.

- - - _ _ _ _ _ _ _ _ - _ - _ _ _ _ _ - --
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DATA SHEET

Customer Alah Power
WYLE LA80RATORIF.S

Specimen Ok8"it* Tape Splices
,

Part No. W95, No. 35 and secteh 33+ Amb. Temp. Job No. 17947
Spec.. wt4F 17492-01- Photo 9 Report No. 17947-01

-- Para. 33
Test Med. *

Start Date I*'' W
SIN #

Specimen Temp. Ambient
G$l No

Pcd b.4..-Test Title runctiona1 re.e
-

(Continued) ,,d,) "' r,. . /J.e '
.

Specisma No. '- * '-- Rasistance GoetuTt Resistance

3 l n iO''JL * S ,10 ' 'f. .6.1
.

3.1, , c ' ' /t i.3,,c"c6.2

6.3 3. 3 s /6 L. l.? e IC si.
-

t

7.1 0. 3 e /0 'A Yo, so" [
, -

-7.2 0 ,10' n 3 b o o'> et
4.3 0 $ e 10' [L .> 04 /$ ll'

_

S.1 /. <7 a 4 J.0 y ic ';L-

8.2 |. S % 10 Il. 51 'Ib n.

l. i s 1O Q $0v/C ./:,e_1 "

9.1 1C v /0 fu J ,1 s ro'Ie

9.2 38 = 10 & 23t to A.
9.3 3.1, lo # $ 2. t r io 'll

*

10.1A 3,3 , [f /,7,so 14
_

10.is 9J > /O' ru /.7,fo #A#

10.2 4;,jg A /. 6. /o 'h,

10.3 - a3 $ , J O' 'A /.Erw/0 /L
10,/o"JL / 0, lo "e.11.1

.

,8 4 , / O ; /1. ) 0, io A.
, aa11.2

~J
_

od 111.3 /. O v /0 /w / 3 v/o /t
' ' ' ' # Date: M ''' 'Tested By '' ' --

* Witness ^//h Date: // /A,

Notice of Sheet No. 2 cf '

Ancmaly AIA O b Approved 7 "_ A bk
= . .. u. 3. (
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DATA SHEET

Customer Alabama Power - - - - '

WYLE LABORATORIES
Specimen OkC"it' T*P* 8Pli *8

-- -

Part No. T-95, No. 35 and Scotch 13+
.

17947Amb. Temp. Joo No.
so,c, wLQP 17492-01 Photo ;s Report No. 17947',01

- Pera. 33-

Test Med. Air Start Date ' ' " ~ ' '
SIN No Specimen Temp. Ambient
GSI No

Test W.le 9,) . 4. Functi nal Test

(Continued) p Mh ;Ig,. )) .o . , , ,

3peciman No. ' :E n_x. Rasistance eentact Resistance
ad12.1 / O , /0 "A /5 /0 n_ , ,

12.2 9. t ,10 * (L f ''] < , o r
4 a's12.3 .

j,g ,,o jt f y , , o pg i

$,(,fo'Q f g , / 0 '#13.1 -

1. 0 x I d ' A > 7, i n ' A13 2
. .

13.3 p O , so # jt /, G , , o * f7,

9.J,/0h /. is /d A.
~

14.1

14.2 6. 6 y / o '',4 8 d , , e *4

14.3 S. 3, )Q fL )l , on e_

15.lA [
15.13 //
15.1c .fi/LL. r%T* S*lD*N1?&d

1M_2A

15.23

15,3

.
_ . . .

4

I

i
' "

''' '- Date: 9'"*k 7Tested By
Witness ^|| A Cate; ^|| |'

.

Notice of Sheet No. of
Anomaly onf Approved '" OA A ~ ~

m % w e 4a n *ea s.
|

_ _ _ _ _ _ _ _ - _ _ _ - -
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INSTRUMENTATION EQUIPMENT: SHEET W 7

.- ,_ . -

YXs OS/M/87 J3 NLMIER:'17347-00 *EST AREA: LO,3
{'EDm!CIMt C. AfluOll CUSTCEla 4.A.93E2 TYpi! TEST: FIACTIlNAL - !

!w istipe 7 merensEn . mas mia. e wwt e est : c::acy I ca.snTE c.taz
1 DIE M ~ WlufLLA 4150 82123 101040 .02-5001 .02556 03/10/87 01/10/87'

,

2 MS M M 1864 657113160 0!!aN h5eTDM 2-554ANGE 04/06/87 10/06/87

'

3 MB llTR EMNE. IRDID it6t-C 257 10iSW ' .5-EE 3ENI + 35 05/18/37 !!/18/87 !

.

,

i

: 1

O
'.. . .... . - ,

|

,

i

I

I

fk kk M NfM|
*

TMCSEE TO THE MTT38t. SullE23 7 STMEWEDE.

j DISTEMENTATIDI *
DEDG 8 IECE2VD SY b

Qt/~ g J V -- f. CAO *

'

g. A. e c4 09 99
L

-

; w,
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Fag 3 No. LY-2 .

Test Report No.- 17947-01..

L0 RESULT 15

.De test specimens possessed suffielent integrity to complete the thermal aging prot
without asidence of excessive degradation. The Okonite leads for Specimens 13.1 to
were Iw flexible and the outer layer of the Okonite and 3M tapes became slightly bei

-

here was no evidence of cracking in any of the splices or cable insulations.

Appendlees I through III contain the following data from thermal aging

Appendix ! contains Photographs IV-1 through IV-4 which show the thee
aging chambers and setup for Specimens 7.1, 8.1, and 9.1.

-
gix II contains typical thermal aging circular charts from 110 Ce
150 C aging chambers.

e Appendix III contains the Instrumentation Fxtuipment Sheet which list:
thermal aging chamber instrumentation.

+

f
i
'

6
,

l

I

4

WYLE LABORATDfut5
Huntenue Facmty
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ABCTBN - IV - 'I
. . ;.... .: ...- ._ . ...... . . . - . .

.

TEIRMAL AGDEG
.:- ;

1.8 REEtDMEMENTE

- - 1he test specimens shall be thermally aged as follows:

W Agist * Tima* Equivalent
No. ,Teaserates (Bouge) IJfe Years

1.1 to 10.3 -110'C 112 15

11.1 to 12.3 -- 110'C - . 100' 15

13.1 to 14.3 150'C - 250 15 I..
,,- t

L ' Tonereneess (-O'C, +5'C), (-0 Hours, +3 Hours) i
; .,

f SA| PROCEDURE
<

1he' test. specimens, mounted in their respective tray, condulet or_ enclosure, were placed*

inside two medima stsed. test chambers and aged as desertbed below. Specimens 7.1,- 8.1,
:: and 9.1 were removed from the emble tray and mounted to a Limitorque actuator fixture as-

shown in Photographe IV-2 and IV-3.'-

W Agist Thee
we. '' Tesserstere (sours)

1.1 to 4.3! 110*C~
7.2, 7J, 8.3, 8.3

- 112
'

'SJ and 9.3
,

7.1, Sol and 9.1 110'C 114

10.1 A to 10J 110'C 112
.

.11.1 to 12.3 110'C 110

13.1 to 14.3 - 150'C - 253
4

4 y.
.

Huntowas Feenity.

- ~ . - - __ .-. -- , , , , _ _ . _ .
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P0ff-Twirmaf AL AGING ,'

FUNC110NAL TERN.

1.8 REQUEERMIFIB

Insulation resistance values were taken for informational punoses only. Continuity shall be ;

1 che or less when measured with a digital ohmmoter.
'

18 PROCEDUREN.- |

'!he test specimens were subjected to the testing per Paragraph 2.3 of Section L

'I
AS REBULTB.

'the test specimens were subjected to the tests of Paragraph 10 which met the requirements .
'

of Paregnph 1.0. The data colleeted during these tests is presented in Appendless I through '
M as noted below.

!Appendix ! oontains Photographs V-1 through Y-4 which show the specimense
mounted in their respective trays, condulets or enclos:rea.

Appendix !! contains the Punctional Test Data Sheets.e
*

Appendix !!! contains the Instrumentation Equipment Sheet which lists thee
equipment used to colleet data. ,
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Resis ances (via Kelvin Bridge Methodi shall be measured for

information only.

Speciman No. Insulation Resistance Contart Resistance
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SECTION VI

LGM OF COOLANT ACCIDENTTEST

.

1.0 asememnom
1.1 Asseptunee Cr;teria

'!he splices shan maintain voltage and circuit continuity within t25-percent of applied
eteetrical supply.1he splices sha11 not cause their assoelated fuses to blow.

1.3 Imakage Cierests

' Leakage currents to ground on Specimens 10.1 A & 10.1B,11.1 & 12.1, and 13.1 & 14.1 shall
be measured for information punases only during the LOCA Test.

LO. PROCEDUREB ;.

L1 Test M en Preparattaa i

'the test specimens scheduled for the LOCA Test (Specimens 1.1, 2.1, 3.1, 4.1, 5.1, 6.1, f.1,
8.1,9.1,10.1A,10.18,11.1,12.1,13.1, and 14.1) were removed from the enclosures used to
age. the specimens and train the wiring. 1he specimen leads were connected to Wyle-
supplied 1/C Teflon-insulated leads through splican insulated with Raychem nuclear
insulating sleeves as indleated below

Speeksen Men Wyle Test * Emyehem WCSF-N
h Lead MaoGO Lead Sise Sireves Used " ,

-)
1.1 1/0 AWG 10 AWG 115/300 w/500 |

10 AWG 115/300 w/5001/0AWG -

l

2.1 1/0AWG 10 AWG 115/300 w/500 ;

2/OAWG 10 AWG 115/300 w/500 ;
.

I

!. 3.1- 1/0 A WG 10 AWG 115/300 w/500
L 8 AWG 10 AWG 115/300 w/200 |

,t:
'

4.1 - 2/0AWG 2 AWG 300 tape ** * w/650
- 2/0AWG 2AWG 300 tape w/650

L
5.1: 2/0AWG 2 AWG 200 tape w/S00

2/0AWG 2AWG 200 tape w/500 5
,

6.1 3/0AWG 2 AWG 200 tape w/500
1/0 AWG 2AWG 200 tape w/500

,.

j' WYLE LaSORaTORIES
|

Mwetsnne Facnaty
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2.0 PROCRDURES (Contimed)

2.1 Test specimse Preparation (Continued)

specimen specimen wyne Test * maychem WCSF-N
No. Leed Xse(s) Lead size Sleeves Used **

.

7.1 1/0 AWG 10 AWG 115/300 w/500
12 AWG 10 AWG 070 w/200 ,

8.1 8AWG 10 AWG 115 w/200
8AWG 10 AWG 115 w/200

9.1 8 AWG 10 AWG 115 w/200
12 AWG 10 AWG 070 w/200

10 - 14 ASCO 14 AWG 050 w/115
12 AWG 14 AWG 070

Wyle leads were 1/C 10g0 Volt.t,200'C, Teflon leads (10 AWG and 2 AWG)*

and 1/C 600 Volts, 200 C, Teflon (14 AWG). 'i
.

** Indicates shim sizes applied to smaller emble and overall sleeve size. Fer
example, "115/300 w/500" on Specimen 1.1 Indleates WCSF-N-115 and 306 g
sleeves over the Wyle 10 AWG and an overall sleeve of WC3F-N-500 applied over
the shims and the 1/0 AWG test specimen lead.

*** Indicates that Okonite T-95 tape was applied over the sharp edges of the bolted
connection. A11 other connections used uninsulated butt spilees.

After splicing to the Wyle test leads, the specimens were re-installed in their enclosures as
noted below: -

libeeimen No. Enclosure ifpe

1.1,2.1,3.1, 24" x 24" x 6' NEMA 1 enclosure with paint
4.1, 5.1 & 6.1 scrapped off subpanel. Enclosure contair.ed four

3 in. Myers huS>s and 12-inch long 3 In. OD conduit
nipples exiting from the side and bottom. A 1/4 in,
weep hole was drilled in the lower right hand corner
of the enclosure.

7.1, 8.1 & 9.1 154" x 101" x 8s" Limitorque cover bolted to a 1/2-
inch thick steel plate. '!he Limitorque gasket was
installed and there was no drain in the cover. The *
specigens were routed through a ll-in. Myers hub
and 90 elbow pointed downward. The splice rested on
the ~ aver spproximately 3/4 in, below the bottom of
the conduit entry.

.

WYLE LASORATORIES
Huntsnne facihty
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L0 PROCEDURES (Continued)

L1 Test!'paahmen Properatka (Continued)

Enclosure TypeSpecimen No.
.

10.1A & 10.1B, 3/4 in. Type C condulet fitting with cover and
11.1 & 12.1, and gasket. One end of the condulet was attached to

13.1 & 14.1 FNGS-supplied 3/4 in. flarible conduit (Anaconda
Type EF) and the other end was attached to an LB

. fitting through a 6-in. nipple. De LB fitting

contained another 6-in. nipple pointed downward.

L2 Chamber Preperstka

The test specimens, mounted on their respective test fixtures, were attached to carbon steel
frames and installed inside a 60-inch diameter, 60-inch long (flange to flange) LOCA test
chamber. De fixtures wers tack welded to the chamber to ensure a solid connection toDe Wyle-supplied Teflon wiring wasground existed for the leakage current circuits.
carefully routed out multiple chamber penetration assembifes in the rear of the chamber.j
De 125 VDC wiring was segregated from the 632 YAC wiring and exited in a separate (
Penetration asambly. The chamber - penetrations were sealed with a Senteheast No. 91J
potting compound per Wyle Laboratories standard practice.

The chamber water level control system was adjusted to ensure that the speelmens did not
become submerged during the chemical spray period in the test. In addition, the chemical
spray flowrate was adjusted to deliver 3.75 gallons per minute (0.15 gpm per square foot
over a 25 foot square area). Chemleals were prepared as described in Appendix IV.

13 Instrumentation Setup .

The instrumentation setup for this test consisted of 30 electrical and environmental
Dese signals were fed into a Daytronics System 10 Data Acquisition Systemdannels.

(DAS) whleh displayed requested information on a color monitor, fed a high-speed lineThe HP-1000 system
printer and fed a Hewlett Packard (HP) Model 1000 minicomputer.
acquired data on a haad disk and generated plots of requested channels. The data acquisition
system was operated at its maximum rate during the temperature / pressure ramps and for
the entire Main Steam Room test, slowed to one-minute intervals after approximately
69 minutes, and then slowed to 10-minute intervals from the 5 hour 38 minute point to the :

Mf'the test. - - - - _

HisA 24-hour circular chart was utilized to record and monitor chamber temperature.
system was used for contro1 purposes once the saturated steam environment was achieved in
the chamber (t hour into the Containment ,est). This system utilized two Type "T"
thermocouples mounted in the same location as Channels 1 and 2.

wnE 1.A80RATORIES
wu iseme rsemtya
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LO PROCEDURES (Continued)

L3 Instrumentation Setup (Continued)

'Ihe channel number, specimen number, signal units, and signal monitored were as follow

Channel Specimen~

No. _NL Units Signs 1 Monitored

1 An P Chamber Control Type K" the
couple mounted to the top e
of the NEMA 1 enclosure.

2 All P Chamber Control Type K" thc
couple mounted to the cor
cover for Specimens 11.1 and

3 All *F Chamber Control Type K" the
couple mounted to the cent
the Limitorque )ctuator
plate.

'

4 All "F Average Temperatbe of Cha
"1, 2, and 3.,

5 An PSIG Chamber Pressure Transducer

8 An GPM Chamber Spray Plowrate

r[5,6 VAC Input Voltagt. A-B7
,

g@ VAC Input Voltage, A-C8

9 : 1-3, 7-9) VAC Input Voltage, B-C
_

10 1-3 Amps Current, Phase A

11 1-3 Amps Current, Phase B

12 1-3 Amps Current, Phase C

13 7-9 Amps Current, Phase A

14 7-9 Amps Current, Phase B

15 7-9 Amps Current, Phase C 3

16 4-6 VAC Input Voltage, A-B

WYLE LABORATORIES
muntsnne Fecmty
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2.0 PROCEDURES (Continued)

2.3 Instrumentation Setup (Continued)
. .

'

Channal Speelman-

No. No. Units _ Signal Mortitored
_

17 4-6 VAC Input Voltage, A-C
,

18 4-6 VAC input Voltage, D-C

19 4-6 Amps Current, Phase A

20 4-6 Amps Current, Phase B

21 4-6 Amps Current, Phase C

22 10 VDC Input Voltage-

'
23 10 Milliamps Load Cunent

(mA) ~ ~ - - ~ _ . _ . .

'
- / D 10 VI' * mA Leakage Current to Ground *

25 11 & 12 VDC Inpu't' %ftigi~ ~ ~

23 11 & 12 mA Load Current

<h Ob 11 & 12 VI - mA Leakage Current to Ground *

28 13 & 14 VDC Input Voltage

29 13 & 14 mA Load Current

30 13 & 14 t/l mA Leakage Current to Ground *,

"' -c;g. ,
.. .. . - - . _ _ . . _ _ , . .

, _ .
,

Leakage currents to ground were calibrated to a 10 microampere*

resolutios
x

%' '~~ . . .
*- -- - --

_

"-.+s .-. . . . . . . , , _

s

__ _

WYt.E LABORATORIES
mumsvme racoity
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2.0 PROCEDUltI!S (Continued)

2.4 spechnen operabnity

ne test specimens were electrically connected to the circuitry in Appendix III. The ciret
were energized continuously through the Main Steam Room test profils. For
Containrr.ent test pronle, tra specimens were powered as listed below:-

Specimen No. Voltage CurTent Operations

1.1, 2.1, 3.1 632 YAC 27A None. Continuousl:
Energized.

4.1,5.1,6.1 632 VAC 130A None. Continuous 1:
Energized.

7.1,8.1,9.1 632 VAC 20.2 A Powered for the first
65 Minutes. De-enert
until the 46-hour poi:
then re-energized fot
2 minutes.

f
g N 10.1 A & 10.18 137.5 VDC 200m A* None. dontinuous13
/ Energized.

,

..

11.1 & 12.1, 137.5 VDC 200 m A * Powered for the first
g

,

t 13.1 & 14.1 60 minutes. De-eneri , _ y
4 for remainder of tes

/,-
/ 1'

/ Loading provided by an ASCO Model HV2023013U Solenoid Valve*
'

/ (23 Watt,125 VDC) provided from the FNGS.

2.5 Accident Simulation

ne test specimens were subjected to two temperature / pressure profiles. De first pro
(Main Steam Room test) was gerformed as shown in Figure VI-4 of Appendix V.
temperature requirement of 323 F was met in 15 seconds and the pressure requirement
6.4 PSIG was met in 2 seconds during this test.

f | The second profile (Containment test) was performed as shown in Figures VI-29 to VI-31

f prepure req. De temperature requirement of 393 F was met in 109 seconds and the p
Appendix VII

uirement of 53.3 PSIG was met in 217 seconds. Temperature was held av

|
393 F for 304 seconds price to the temperature decay. Chemical spray was initiated at

,

_.61-minute _pointand continued to the 25 hour 8 minute point in the test. The t W tI i *
! J profiles were performed one af ter the other.
i.

,/

WYLE LABORATORIES
Hunttvint FtCdaty

1

_ _ _ _ - _ _ _ - _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ - _ _ _ - _ - _ _ _ _ _ _ _ _ - - - _ _ -



-__ _ _ _ _ _ _ _ _ - _ _ _

Page No. VI-7

Tc .! Report No. 17947-01
. .-

3.0 RESUI!!S

All of the test specimens demcastrated the ability to conduct the speelfled currents, at the
speciflo:1 voltages, ' Nghout the LOCA tests.

"

One anomaly occurrec. Ing this test and is documented as Notice of Anomaly Number 1.
M ===1Y ~ docwamita_the usara._af tha hl'rh--a=*d._ printer that was outside of its.
caHbytionJntarval Mring-tha LMA-test.--his error was ditcoYered_RLtheX-Four _pgfill:In
the test and no other. printers of ,the re@Yed. speed were available. The _.t-test _

ceHbratigrtMieck found tha. printer to be famide_theJnanufacturer's toleran_en. should be ,,

noted that this printer provides hard copy backup data anTal1~6f~ilie~picts in Appendices V y~

through VM were made from data off the hard disk on the HP-1000 minicomputer.

'Ihe recorded leakage currents to gmund were

Specimen Leakage Current
No. to Ground (mA) Notes

10.1 A & 10.1B 0.00 -
.

t

11.1 & 12.1 1.20 (1)

'
~i 13.1 & 14.1 0.00
\J

NOTES: (1) This signal existed for approximately 15 minutas during the Main Steam
Room test (see Figure VI-25). However, the signal was not erratie, u most
leakage current signals tend to be. Troubleshooting commenced at the 15-
minute point found the 125 VDC leads tied to a short length of a 34,
208 VAC power cord for the circuit on Specimens 4.1, S.L and 6.1 When
these ties were cut, the signalimmediately dropped to zert,. It is therefore .

concluded that this signal was most likely induced and not specimen
related.

The data from this phase of testing is presented in Appendices I through IX. These
appendices contains

e Appendix ! contains Notice of Anomaly Number 1 and the Post-Test
Calibration record,

o Aspendix H contains Photographs VI-1 through VI-14 which show the
specimen, chamber, electrical and instrumentation setu;%

AppendLx m contr, ins Figures VI-1 through VI-3 which show the electricale

circuitry used to energize the specimens. N

W .*

WYLE LABORATORIES
numsme F. cony
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10 RESULTS (Contimed)

Appendix IV contains the calculations for the chemical spray solution and
'

e
flowrate.

Appendix V contaim Figure VI-4 which plots the chamber thermocouplese
and presr!.re for the Main Steam Room test ..

Appendix VI contains Figures VI-5 through VI-28 which plot the electrical*
data recorded during the Main Steam Room test.

Appendix VII contains Figures VI-29 through VI-31 which plot temperature,e
pressu e and chemical spray flow during the Containment test.

e Appendix VIII contains Figures V1-32 through VI-55 whlen plot the
electrical data during the Containment test.

"

Appendix IX contains the Instrumentation Equipment Sheets whleh list
equipment used to take data. The high-speed line printer was inadvertently j
lef t off and was added after the test had completed.

' 5
I
i
" M'

..

>

4

.

%

WYLE LABORATOmES
Huntsvine Facshty
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DAT L
NOTICE OF ANOMALY september so. 1987

" "~

NOTICE NO:
_

,P NUMsEA; .. CONTRACT NO:

CUSTOM ER: Alabama Pswer Company wyLE Jos NO:.i7947

Rick 'Voodfin 9' '

NOnnCATION CATE:NOnFICAtl0N MADE TO:

Joe Ha 41 tine On site~

NOfinCATeoN MADE sT: VtA.
.

DATE OF
CATEGORY: t] SPECfMEN Ol'ROCEDURE U TEST EQUtPMENT ANOMALT. S e p t . 23-25, 1987

High Speed Line 19 inter T1.R08 7.0, ART N AME: ,,,y uo,

LOCA Test N/ATEST: ,,g, n o,

SPECIFICATION: W1.QP 17942-01 3.9.2,gga, no
,

-

R EQUIR EP.lE NT S.

The Data Acquisition System shs!! be operated at its peak rate during the ramp and at I
minute intervals thereafter.

6

h
i

DESCRIPTION OF ANOMALY: ,

The Teams Instruments R0810 High Speed Line Printer, used to record hard copy data, was
founa to be outside its calibration interval. This error was discovered after the test had been
running for approalmately 24 hours and no spare printers, of the required speed, were
available.

,

|
1
,

*

DISPOSITION COMMENTS * RECOMMENDATIONa:

| The LOCA test u 24 completed using the out of calibration high speed printer. The printer
was calibrated as soon as possible after the test and found to be inside the manufacturer's

,

! tolersaces.

The line printer does not transfairm the data fed to it from the Daytronics Data Acquisition
System. A malfunction would cause the printer to record either unintelligible data or no Ata
at all. The calibration of printer involves checking the printer ribbon intensity . .i d

i

alignment, rocker switch positions (set the baud rate) and the power supply voltages.

it should be noted that the plottt) data comes from the Hewlett Packard Model 1000
,

Ininicomputer. This data is also fed from the DAS and thus the hard copy data is used for1

i bsestup purposes only.

NOTE: IT is r it CUSTOMER *$ RESPCHs45tuTY TO ANALYII AMOMAUES AND COMPLY WITN to CFM PAAY 21.

VERIFICAT/JN: PROJECT ENGINEER: #

B
$ROJECTMANAGEAtl -Q ff J f %?ils 'TEST WITNESS.Georce Lanoford/ Rick Woodfia - - - - --

REPRESENUNG: Bechtel/ Alabama Pwer Co. [MfdarN: - 18 ',

QUALITY ASSUR ANCE; $ W f s /f f 9 7,,,, #'

w,. . - R. m ,.o. 1 .t 1
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AL POWER COMPANY - 17947

.

CHEMICAL SPRAY CALCULATIONS

.

1. Borie Acid (gwL)

Desire 2500 ppm Baron

Weight Water = 120 gal x 8.??.5 Lb/ gal = 999 Lbe

o 61.81 Lb H B0 has = 10.81 Lb Boron*

3 3 61.?1 H B0
3 3

. !*

2* 7J'2500 com.x 999 Lb = 2.49 Lb Baron c h x 2 90:o weec >,,. a - Jur
61.81

M'ast add 2.49 Lb x = 14.3 Lb H DO~

3 3
10.81

2. Sodium Hydroxide (NAOH)
9

o Add to get 10.7 pH

e Maintain 10.5-11.0 pH during spray

3. Flow Rate (8.15 gym /ftb

2e 0.15 gpm/ft x (5' x 5') = 3.75 gpm
,

o Maintain 3.75 to 4.25 gpm.

>

WYLE LABORATDmES
wunteve Fecmiy
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Eb : TO8' 632 VAC507 VAC
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b.h -h~ ' h-' 4 /600V

-

-)||k *TO DAS# c h o'Na NC 6 TRAns$ dip"

8
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.s

0-563V ~'
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USED TO RECORD HARD COPY DATA FROM DAS
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HEWLETT-PACKARD MODEL 1000 MINICOMPUTER USED TO 3

RECORD DATA ON HARD DISK AND TO GENERATE
PLO17 OF REQUESTED INFORMATION
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L'050 EQUIVfFOR WYLE. TEST REPORT REPORT ON OKONITE FOR V-TYPE SPLICES
b ' Ar 'vation Energy:'.65.eV |

- Am.'srence Temperatures 329.0556 degrees-K ;

t 1 IL0 seconds !

- ;,3 T 1. I 491.3334 degrees X '

' 'L;t | 21 - 160560 ; seconds
-

'f 2 8 .390.7778 degrees K ;
y.,
;e-

. -

Equivalent Time'= 5999476 seconds- i

99991.26 minutes
.

=

1666.521-hours i
'

=

69.43838 days :=
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DEG EQUIV FOR WYLE TEST REPORT PEPORT ON OKONITE FOR V-TYPE SPLICES

! An' .vation Energys 65 eV
*

.
~

R6.arence Temperature 132.9.F

Plcnt Profile Test Profile
LTime (dt.f'/ Temperture (T) Time (days) Temperature (F)

1.166667E-04 338 0 425
1.166667E-04 385 1.858333 244
1.166667E-04 406
2.333333E-04 414
5.833333E-05 3994

5.833333E-05 386 j1.166667E-04 370
1

2.133333E 04 340
3.458334E-04 277 )1.018333E-02 269 '

.3.009167E-02 259
3. 24 0417E- 02 - 255
.050925 250
.1111083 245
.2291667 230 '

.25 216 .
..2847209 200 f

10- 192
|109 120 j

El.,.. valent Time = 169.9495 days Equivalent Time = 69.43838
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SECTION YH

POST-LOCA FUNCTIONAL TESTS
.

1.0 REQ 3EMENTS

Insulation resistance values were taken for informational purposes only. : Continuity shan be
1 ohm or less when measured with a digital ohmmeter.

.

2.0 PROCEDURES

The test speelmens were sejected to the testing per Paragraph 2.3 of Section L
.

3.0 RESULTS , , .,

The test specimens were subjected to the tests of Paragraph 2.0 whleh met the requirementsf
of Paragraph 1.0. The data collected during these tests is presented in Appendices I throught
IH as noted below: J

_

e Appendix ! contains Photoguphs VH-1 through YH-5 whleh snow the
speelmens mounted in their respective fixtures..

e Appendix U contains the Punctional Test Data Sheets.

e Appendix ID contains the Instrumentation Equipment Sheet which lists the
*

equipment used to colleet data. '

,
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PHOTOORAPH NO. VH-2
,

CLO6EUP YEW OF SPECIMENS 1.1-6.1. NO EVIDENCE OF
ARCHING OR INSULATION BREAKDOWN WAS VISIBLE ON

,

ANY OF THE SPLICF3. THE OUTER LATER OF TAPE
WAS BRTITLE BUT INTACT.
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CLOSEUP VIEW OF SPECIMENS 1.1-4.1. NO EVIDENCE OF
ARCHING OR INSULATION BREAKDOWN WAS VERBLE ON

ANY OF THE SPLICE 5. THE OUTER LAYER OF TAPE
WAS BRITTLE BUT INTACT.
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POST-LOCA VBW OF SFBCNEWS T.1-8J

|- THERE WAS ABOUT 1/1* OF WATER INEDE THE LDEORQUE COVER
' AND ALL THREE WIJCES WERE WET UNDERNEATE. NOTE '!HB

CHEAGCAL SPRAY DEPO 8t? AND CORROSEN JUST BALOW THE
MYERS HUB. THERE WAS NO EVIDENCE OF INSULATION

BREAKDOWN OR ARCING ON ANY OF THE SPIJCES. >
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POST-LOCA CLOSEUP VIEW OP SPUCES INSIDE CONDULETS.
ALL CONDULETS CONTAINED RUST INSIDE. THERE WAS -
NO EVIDENCE OF ARCINC OR INSULATION BRFJLEDOWN

ON ANY SPLICE.
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AND ,

OEONFIE 5FtaC300 TAFFS NOS.30 AND TM
>

Pnt
'
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Pass 2

Restates A

i
1A SCOPE I

,I

his h has been preparte Ly Wyla Laioresones for Alabassa Poeur Congesy, hereisaker
teferred to as tae customer, for aquipment used at Farley Nedsar Plans. J

*
-

!
4

|'
t

11 h
!

De purpose of this desument is to presset the approach, meshods ;"'- f' : and procedures for |
-

queldying the egelpament idessided is Seedes 1J for use is Farisy Nedser Flass. |

Nedser ensinamental geallSasse el any :-_"J, . / _ - f 'devies to meet the requirasmess of IEEE, ;
3D.1974 is esenBy e shree esop prosess, Ls., (1) sermal radiation seposers, (2) aging, and (3) desige '

basis evoet W (selsmie, and where applicable, MSLB, HEL3 or I.OCA). De purpons of
the first two seeps is to pet the test speelmens less a esadidas that repressess the worst r,tase of :

deseriorados that the pleet operieer wis permit pehr se taking sorteedvs na'ars La., ks end of.
qualdled life enadidos. De sea step demoesstases that the speamos edil has adequase integnty to [
wishasaed the added envireessessal stresses of the spenGod desige basis eveens and adil perform it?

'

~ , , - 7 am hm.
-

;.. ,

.,
.

1J Amalisahim Danumanan ,

i
e to CFR SIL49,"Eavironmensal Q&iae of Elserie Egelpment imponent so Safety forj

; Nedent Power Plaess,' U.S. Nacisar Regulatory Cr ' ' , Jassary 21,198L-

+

o IEEE 351774,1EEE Standard for Qaalifying Class 1E R_', r for Nuclear Power-

! Sandoes',

i
'

. .
; . e

o IEEE 3831974, '!EEE Standard for Type Test of Class M Electric Cables. Field Splices,
and c- for Nacisar rower osserming stations.- .

,

i o NUREGM, Casagery 1, Revision 1,1 *1eserim Stedf Possion of Esmroemessal i

W of Safety Astoned Elementaal Equipmes:,' deled Jak 1SgL
.

o Rossenery oeide tm, oessasessa of cines 1E Egeirmest for Nedser ro or rLuss..
Noneber IFM.

'

o Wyle Lahoreneries 0,:Jisy Asseresse Proyese Massal, April,1987. ,

o Ah Power Camp y Pwehens order Number Or tasp. -

.

L3 Een'.amana nameripsies
'

~

The wquipment to be quaiWied are clearical splices fahncated wkh the follones tapes and assembled
=3.

per Secnos 3.2 and Figures 5 through 19,25, and 26. Refer to Tabis IV for splies types, specseen 4
14sembers, and flgere members.

'
.

numem resu.e, -

5

m.

, . . , . _ a,.a..,;.~,,,,-,,,,-,4.,_....-_ . . ;_ _ ., :._ w , _, . ,,_.... . a.- _. . _ . . - ~ _ . n. u. c , _ .__
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Revisies Ac
-

.

iA .d.0P3 (Candoned)

!

4 Emmipment Dneertasman (Camdeesd)
.

)
3M Scotch 33 + vinyl plassic electrical tapec o

o Chamine jacketing tape Nasser 35

o Okamme imumledes sage Nemiser T 95
.

Nose: Ferier Nedser Plass cumatly eseeks 3M Scosch at vinyt plieds einserieel tape which is
ide.nemi to sense n+ meep for ihiekseen. sines Sesseh n+ is thaner ihas Sanch as, tesums or
Seats 33+ is seasidered esanervesm and will quandy the Seeseh as tape if the test is amaesenfel

1.4 omaatamesan saammans e

he 7 "" proyen shallbe ' - :Ila the fobowing sequenes: j*
r

Reem4Impsedes I=

; '

o 5,.dme. Pr.p.nsi e

o Baselies FussissalTest

o Radimion F.aposure

o FuemissalTest

o Dermal Aging '

o FumaionalTest

o Aandens Samulation

o Pess Tem lampeaine

.

e

.

4

WYLE LA80AATOWN
Hvaiseme reemey

h'

1

_- --
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1
4 Revisies A
d

i
i

2.0 QUAIRICATION REQUIREMENTS,

|
2.1 Diamatian af Sarner Candideas'

:
"

i
i

I LIJ M N..

| 11 is assemed that adequese margins have eat been indeded is the ; "==L= to account for
normal venasions la cummeraal produzios of egepaneet and variadoes is serncw h

' Therefore, margia per Paragraph 6J.1.5 of IEEE 32319e shes be added to the fonowns
,

'
2 h y

o Tom persaarm + 15'r ce DBE peakj
i
; o Prensies: + 10% of gauge, but not to escoed 10 psig ,

<-
.;

! o Tasse: + 10% of post DBE operation tisme (1 hour minimuss, , ,

j totti) |
'

k,o lh + 10% of assidset dose .

#
o Voltage: +1 VAC for 575 VAC, + 15 VDC for 125 VDC

:
' Camanimamama hinen Saman Ramms

{ 2.L2 Marmal Candidams

o Pe6 2.0E7 rods (15 years) 2.0E6 rada (15 years)

(ladedes acadest dose) 527 rods (40 years)4

'

! o Temperanus 120*F _ 104'P
t.

! o Pressere: 14.7 psia 14.7 psia ;

I

! o Relathe Hemidity 4 90 % 40 90 %

i

i 1 13
;

! o Radianom 2.0E7 rods (d years) 2m4 reis(15 years)
'

|- (includes monaaldoes) 5.0E7 rads (40 years'j
,

' T==perater (peak) 37s*r 30s*r: o-

~

o Premare (psek) 63.1 pain an.5 psia

'

Relative Husmidary(peak) 100 % - 100 % $o

2o Spray 0.15 sys/k N/A
'

H 50 (2500 ppe boros)3 3
! _ NaOH (10.5 pH)

www.we aeen.sv
i

.
,

w g - - - , - e e- --y,q- ,,.-w. i=, + . - . , - - , w - , , , . . . ,~ -w n, # .-
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,.

Elev6eise A

2A QUA1JFICATION REQUIRDtD(T5 (Caedmeed)

.

'

1.1 nuaniden af servise Canadens (CN) -
.

2.1.3 masMema candideas (Caednesd)

m Main samma Ranma

o Dweden 30 days Isas than 1 hour

he mais steen room teenperature and pressure proSas for a mais stessa Ese break are shown in
Figures 1 and 2, respostively. The -Ma aossamment teenparature and pressure proGes during a
LDCA/HEL5 are sho w in Figsres 3 and 4 E, - .J,,'

~ ~

1.L4 Other Earv6se camedens

. De subiest spEsing tapes are lastated os cables which supply les motors and smotor and solenoid
operosers os vaissa. Typient einstrisal supply is 375 VAC 210% to the fan motors and s' sore
operseers and 12$ VDCA10% to the M

,d
- - . . . .. . . . . . . . . . . .u m__

ne saany eindasudes of this e,si,ms.: is ciese is. ne subiset e,mipment provides mes tial
ser*es in suppen d emerymsy mener shmiseen, -" heksima, reemer core cooling and
oomaimment and seester heat resnesel, or is asherwise amendel in providag support to prevent
sipiSeems reisses of radiuessive material to the environment.

'
'

2.3 Amamammen cdwa

De fo5 swing aampsames seenrin bas nem estabushed for the perpenas of this 7 ""-=" effort.
Fabee to meet thsee erinaria sher met mesessarily be seasidered a failure of tie test specinea. but
sheE be imuusilgued and analysed by the test ensimmer.

: e na W shat meistain vokass and chemic esadmeity whhia A2s pereset of appiir.4
elemnea emppe , ne sysses shes as summ iheir maschsed enen a blow.[, r

4*p, .-
.g .
u

.

.

.

y', ,

'

WYLE LASDILA1130 LIES
nunweine renne,

e

|

|
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Levisies A
|

i
; ;

,

r

j- 3a QUA1JF1 CATION PROGRAM .. ,

! ;
'

)i
4

! 31 Esi d a d e. ' '

;. |

1 An inspostico shot be gerformed apos rasipt of the r---a at the test faciliry. nis inspection j

! shall assare that the ognipment receiwd is as deemibed la Parayaph 1J. Applicable senes, model, i

i part and/or serial ausbers aba5 be verted. De resuks of the inspecnice (composest idsstification, j

j gasessise, i- . ess.) shaE be recorded. j
i

i
The subisa test spesismens shat be labeled, as deemed assensary by the Test Engineer, for positin4

| Idessianarios of the specimens daring au phaans of the test proyees.
*

I

!

) 3.2 !Immeiman preannesian

{
i.

| As speedlei by cessemer, fifty-five (55) specimens in 17 ddlerent configurations shall be prepared per
; Figures 5 through 19,25 and 26 and the fogowing (Refer to Table IV for splies types, specia 4 1

| emmbers, and fleurs sembers.): ,

a

|'
1

i la pseeral, arip 1/4" from the ends of 2 sesions of sable to espens the condemor Crimp an;

L . . , . - ", siend, uniemanned ierminal ing to one end of sah emble and bok the ley together per e
| Figures 5 through 19,25, and 26. Apply the specified tape in half 4apped layers and eased the taps _
j bayend bash ends of the splies as required, no Ohonies Nos. 35 and T 95 tapes shat be tensioned to

' 3
i ", 3/4 of origloel width (about 1/21emb) as W by the maneinsterer asse it is..

| appEed over the splies. Okomise anclear splicing semesa shot be used as an adhouve self as the 40

i Paar specimens (11a), ns 3M Seesch 33+ tape sheE be tennissed to appremissata/ 5/5 of its

: original widsk (about 1/2 insk) as m" by the easeleserer.
4

| Position and a8is specimens 1.1,2.1,34 4.1,it, and 6.11a a NEMA 1 esmosers (referenes Fgure *

| 20). Posision and nflis specimens 7.1,5.1, sad 9.1 is as open sabis tray (Note: these era--== shall
"

bs plesad in the cover of a Unisorges 85 wisch consportment prior to DBE testies . reference
'

i Figes 21). Posities and adRs speem :.4 and 10.1b is a 3/4 insk emedalet (reference Figure
; 22).- Pasision and aEs speelmene 10.2 and 10.3 is amesher 3/4 lash sondelet. Posision ard affis pairs -

! of specimens 11.s and 12.s tagsther is sepernes 3/4 lash esadeless (e.g.11.1 and 12.1 tether).
Repeat for pairs of spesinees 13.s and 14a. AE e edelses sheE be afand to as opes cabis tray.

I Fossies and adEs speamens 111a,111h,111c,112a,15.2b, and 15J la a sessed NEMA 1 enclosure
i (refereses Figure 23. Mose: spesimees 15.2a,15|Jb, and 113 shaR be resmoved frees the enclosure

|' prior se DBE teming). AE remaining speamens (1.2, la 2124 313A 14 415A 516.2. 61
| 7.2,7A 8113,94 and 9.3) shaE be pr=mians and aGhed hi as opes cable way. All of the

specimens shall be i===ia-ad such that the sphoed maasa= touches metal.

-
1

1

I
t

'

i
1

)> k
:

!- .

<

t

i Wyt.E t.AsonAToeses

;_ e.wn,me ree,wy

| *

|

i-
;

i

j !
'

_ _ _ - . _ , _ _ _ _ _ . _ . , _ _ _ _ _ . . ._
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Reviseen A *

i

i

3.0 QUALIFICATION PROGRAM (Qedseed)

3.4 nsaarm.lassian af Passadal W Machaniaans (Camdened). -
,
1

3.4.1 Tammaresere (Cassioned)

;

3.4.1.1 Adam Maark mala n

A liserense seersh of Wyle's Aging Ubrary has been esaiand to obtain andhable aging desa. For
composasas winL thes/eamparense roissed aging meshamises, the aging analysis was based apos
avestable medisands aging desa, as eased la Tabis I. De Arrhamies aquesions whid are most.

appropisse to t.hs maserials and their appliension have been osalised when move than one egension is
komen. The enleelseed agemed thus of the sammetaluc' maserials, as well as the radiat on thresholdi ,

for sesh r,seerial, ase tabeissed la the Aging Masrie, Table 1. . .
^*

.

.

p
,

As eased is es Aging Maarts Table 1, some of the maserials whid are required for the ;:'- To ,

perforu their ' , . ' ' kusion are aos sensinve at the-baselins temperaseres unk
commiderassem. Thereforc, thermal agies of the apasiness is requesd. J

, ,

3.4.L2 .mahnnan Lins (Taham ID

ns library esieressmhich form the basis of the analysis and/or h of this report, as wou
as those stdiand in the properados of the Aging Mastis (Table I) are tairdated is the Refersecs List t

(Tabis !!).-
i -.

3.4.1J Nannai Servien Candidana (Taben fin

The normal servies conditions which are used as the basis for the M6 is abs Aging Matris
,

'

- (Tabis I) are docesessedin Table UL

3.4.1 Enladma m

For isselados syssoms, tk e5ect ed a hundd enviroomset is aos considered as aging mechanism. As
easedlaIArary Cods 0255 40:

.

I damage to the insulassen, the isselados wears sesy or creds for other reasons. Moiseure
aserely presides e diress sleesrical padrway betwess theer metere den 4ces and greend?|

,

k

._ __ .

Huna Poemte

.

WW 5- ,- 4 e v #w.:m- m ei,e., p. pq g ym y .,g,. , , , , _ , , y _ . ,, _._ __
_ _
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' l
,

3A QLIALFICATION PHOGkAM (Camdeesd)
i

.

3.3 RaamilesFamadammiTam. ,

I Cumuneby of the massedded specimens shaR be vereded. Condmahy is deGeod as a reading of 1 oks

|
or less sees seassesd wkh a digital ohmesser.

th resistanse sheE be messered for ladormaties only aber plades sack specisnes os a
younded surfans and appipeg Joe VDC between the sendemar of the spileed cable and yound for

'
,

oss misess. If a reading commet be obtelmed at 300 VDC, the voksgs ahnE be redened undt the -

insularies resismens is sneeserehle. AI resubs shat be recorded.
..

'

3A 1hamusineens af Pnesspimi Asnma Idsshamisms

Eash r--a'in the est#ess equipment has besseedened is order a essertain the safety related
-

samaanels of comareaden. Then a desarmiassism of the aging meshamisms which may asest the ,

sobinet materials is aa- =f =W by rodswing the sardse semesises to whisk the equipment Mil be8

quapsed. The made s ddess a be addimmed mer.
-

, ,

,

'
|

+

o Tessperusere
-

,
i

. . .. . _ . .

, .
oo Pressure

,

o' Rademies

'
3A.1 .Tsunsamams: ;

'

Nors:al N ve eseddess .W whh timis ereens as aging mechanism known as
thee/temperusere dese, As mesed in LArmy Code E39680 . .. .

"11s espeamm of palpmars se the im8useas of andressessalimmers over a period of time
generag leeds se doenrieresien la phymmel proponiss?y ;

Appends A passides a detaBed suplemanien of the essehedelag used to'determies thermal age
'sessinMey and aging per==an== - .*

Tiis desired qunidad ties of the subjssa equipmeer are 15 years for spesinees 1.x through 14.s. and [
487 ease for spesimons 15.a.11|s equipment sheE he assigned a mesimum =A==/. .' - r -

,
,

- imeerval se g wiser than isc gesREnd Ms. - |
<

I
Eask eenpasses in the selfen equipmess has been redened ier fansska and ass-selated failure a4meshan==s whink semid asar ica sensman. As Asms Maois (Tahis o has be prograd which .

' - - - - - - !deans the sempeesses, e muoriais,insperesure redags, servise --ad-= m

and thermal ass seasidvity for eash maseriaL Tts =maanish *h tabulated in Table I is
bened om data obtained from the menuissarers. (See ^=h 1).L

,

numsmacpenemy<
i

f

w --- -e w-,e v - m v. -.-w wT-+----,,ir-w- es--, w--w,- - , - - e,-- -%-s c ., w- w - , ac y- =n ,-,.,r. - r - --rw s. vv ,-ww-- ----t-, r.,,--
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| Revieles A

;

:
3

| 3.0 QUALFICATION PROGRAM (Camdemed)
;

}
} 3A Datenaiendas af Pasmaatal Asian Mashemisme (Ceedomed)

1

I

i 3A.2 Raiashe Messidier (Canal = mad)
'

] IEEE 1171F% Parayaph 3.33 stages

s

i "Meistere is used to make dimisseric tests soore dineersing of physioel and thers.at damage to

I sesserisellsmeiss!an spesems?

S

| As Aerther eseed in Lhrery Code 0010-78, le a disconsies of seeisture ; of theneally need"'- "

1 test spechases

|
|

"Meissue aseddesias is lealmdad in'the tiest1 procedure (o(IEEE 1171974) as a probe for
dansreieing leselsdom fausrss at the tL4 they esser and la een la lassif lemanded in he ne4

|.. asien fasacr (emphaels added). Most sieseriaal h. as it therusally ages, lassesses in
ahirsy to ehmerb meisters, which in ture is sh in a lower inssiedom remissene had

; L

i oserespondag einseriset streagih?
-

i

; w '

J
!.

-

The 1%siger Reydesery Caemmiassa, is a decessles of esameens en in CFR Part 30 assess~-

!
.

1

"It has not been dessestrated that the i: verissies is humidly we prodnes* "

,
>

j any di5eresses is dayadation of stessrie equipmees/
,

.

|
;

} ''

|
343 h ,

i

f
* ,' N Nb eM M M O d $ M,b [Mirery Cods M

V ' thy mens by 44 lashes of ammes the Undied Simeen. Whhis the same lossoon, the

; mesa dagse les e lashes of eesh puer Quemmenies seguremeses for =- ,'
'a

i poemamekeepss withis the Emiss of lashes of ase W to be of so y aisce' ' -

, eeisher4Assy endamMEA ser atSHO esand as desensesmal - T achanges.*

| ' + . z- em w
|

' ~M
_ mms

' .; . . . . .
. '

I 3AA i
i m V4. ..

hee been meh of the feession of the P meterials.' This laformaanos has boss
Ik, esmposedto andtshie dass to desensies the : , ~ y of the maserial,is ins ,," "' . to the;

i

! " sedadesegeses levelspeeded.
: w.% a m ..

*/*Ma* w e)q p e . ,3
; .)
' * , , , ,.

:
-

, , ,,

* 't s .
,

1

L

J
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Hunes=me Pu*er

!
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3A QUALI" CATION PROGRAM (Consiseed)
4

3.4 nsaannimaalan af Pasemeial Asian Maehanisms (Camdened)
. .

3.4.4 jadadas (Ceedeeed)

A literature seerd of Wyle's Aging Ubrary has been utilised to obtain tbs radiation threshold values
tabelased in Table I. Ubrary Code C30641A deAmes the radiation threshold as:

"ns lowest radiation does which ledeems permaneet deser, is a smessered property of a
masenal,'

and also as:

"The first desessabis changs is a proporry of a material des to the e#ect of ramla= *

For causerusion, the lowest rednesion threshold of a maserial, consisteet with its applacation, is'us$d
in this procesare.

|

per Tabis I, at of the subjest equipment how radasion thresholds less than the requiremesis.
^*Theredore, redission agoners is aquired to smearn the capabilay of them specimens to pararr

their - " j. '- ' fasanon is the spesi5ed h

3J ammesian Ermamme

3J.1 Radiasian Espanere asfam Wanmal Anime
,

Testing spramored by the Nuclear Regulatory Caesmissios _(NRC)'and reported.by Sameia
'

Lahoresories (WAL Gm 40) has shone redusses prior to thennai asies causes some polymers to -
dayeds to a poner esent them when irradiased fauseing thermal agles. The report states: "no
membenissis peseless is that redission clemed bonds, in the form of radianis, roam with asyges to
give dayadados predese, lededies permedes, The penaldes as chemisouy week links which are
+ to therari deengs. nas thermal paadde casense gives more redisais which, is the ,

pressess of asygia, lead to more doyadation and more pomeless. Thenaal agios prior to
irradiados does set %=W derept the polymer's original molesaler stremers over the normal
sisased tempererare tsages which, in ters, reselas is a lesser dayes of dayadasion than may be

'

agessed 4 asseel plant i," - Thus, the ampiam== of the daysdesion prosses caused by
'

the thaneet paredds sieswege mest be -d for by performing radiessos esposure prior to
thanaal aging,'

~

Subsegeset testieg sposeered by Sandia Laboresaries, as reponed le SAND 80 2149C (WAL 04% -
st), amablishes p formies ihnmal aging da irradia io. m the cair maned in which to ameoeet for
the strong synergem des to radiation'and high temperature foemd is some polycers. "The joint _..

g
e8est of gamma radianos-and elevased temperansre was also foemd to accer whos _the two.
environments were apphed is sequeenal fashaos but only when the esperiments were perfonned in -
that onier: rd=== at room temperature fonowed by elevated temperature * -

wns t.AeostAttMtests
eiunie,.n. asemi,

..

. _ . _ .
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3A Q;'AIE*, CATION PROGRAM (Caedsmed)

3J RadMn Esanames (Candeesd) .

33.1 Emendam Emmaamm Badare Danmal Anima (Camdeesd)

norders, the applicados of the easire radiedes dess prior to thennel aging is conservedvs.

Other NRC sponsored saadas by sendia Lahermense (WAL 08N41A) Inds' ens that the mechanical
damass resuking from a ghes tesal dess is W en dose reas der seems polyssers. Testing was
perdenmed at 123 and 136 reds / hour. Poe the selyness tasand, more dayadames oscorred at the
no or dem reas. ne report asses, sesEsises dna has now been assumeissed from the low dow rus
superineses to indones that dess esas eSans are presamt Ear seery maserial which we have sendied
and mas, theseems he seasidered before omrapoiadas hidt dose rees aseelsrused simulasanes to low
dose runs ambises somedenst no equipenet ender eensideradme eossaias several polyssers.

' "
343 namesann Emmmmmme Emma

,
, ,

no specimens sheB he Irradmand as spesided in Tabis IV. 8 adI=86 agoners shat be perforped at
a dans rene 1ssa than LSE6 reds / hour. , ,

no test speshmens sheE be esponered during the redseles egenue. Elearical monisoring of the
nem apedmass is met required during the redsmen myeome, .

,

. . ,

34 Fa=msa=mA Tass,

no 8==m'===l est of Persysph 33 shsE be repensed aber reassina esposers.
'

t
,

a :,a3 - ,

.L u 'ej = 9fs

normal MYthe spanismens sher be partemynd is an air .cinaissus oues as spea6ed is Table
IV. De therusal agies preyn.s is based se the louest aalunden emery for the smasenals of the tape
anime as she prismary i=, amata= no Arrhenius celselndens whimit document the acosisrated aging

(inimme seeimdaded as Amashnessa 2.
~'

#
W QM:>~:.; . ,

test spesianas shaE be _ ;_ d during thermal'agius Elemencal monitoring of the test.

[gsposieses is oss regered during this phase of testims
_

4

m.,ey

ne tummeoman test of Paragmph 33 shna $s repened aher thermal using.
s

%

**wassume Poemsy

.

- _ _ - _ _ . _ _ _ - - _ _ _
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3A QUALIFICATION FROGRAM (Ceesiased) !
:
' |
*
'

i

3J Amendset slaminaism'
,

i 1
1 - 1

! 33.1 Test spankman Prunnensiam ;

i
prior to paundame simulatips teming, the foGowsag irrediasc1| and apd test specamens shall beI

! prepared as sanome:
J

1. Tbs NEMA 1 assineert couaimung spec *unens 1.1,24 3A 44 5.1, and 6.1 sha8 be snoussed
and a5med to a W,L rOf test ibnere in the test a6aseber is as sprisis crisatauos.
Specimens 7.1,11, and 9.1 shall be enoussed is the bestess of a Ussinorque limit swach1

casspartment cover ss.:h that the spiless toesh metal (refereses Figure 21).- A Wyle. , ,

fabnsessa acier plese shall be used to endoes the oneportment. A 1 1/2 inch hole consered ~ ,

8
at the benema of the plass shat be fisted with 'a Myers hab and a 90 elbow onessed

-

downward to assomanodem wire feed-through. The endosed compartanoet' sham bc .
noussed as a Wyle suppled test thaere is the test chassber with the stor opeesus ories; led -

,

downward. The 3 condelets couraining specisness 10.1a and 10.1b,1L1 and 124 and 13.11
and 14.1, . - - J,, shall be moussed is an open cable troy and positioned in the ,est
cham' *e. The NEMA 1 enclosers sensaieing spedmeas 15.la,15.1b, and 15.1c shelf be - a
moensed as a W,L . . " I test thaere in ths testh is as upnght arisotation.>

- i

Nees: spedsmans 14 la 2A 24 3134 4A 4A 5A 5A 616A 7A 7A 818.3,9A 9A
10110A 11.2, lia 12.2,12.3,13.2,13A 14.2,14.3,15.2a,15.2b, and 15.3 are spares to be

4

1 ssored for feiers tests. .

2. Wyle supplied teGoa. insulated cables shall be utilised for slaariant conaealoes which shall
pematross the test chamber. Each cable shat be :.. "; 20 feet is leagik. Enact'

'

leagik requiremesas shaR be desamined during test properassen. Each end of each tefloo.
==lanad cable shat be uripped and spliced to the specimes leads per Wyle !.aboratories
*

'

standard premises.

, . As cabies shes be roeied through chamber poemrations, which shes be poned per Wyic3.
tabweemies mandard p=sima.

4 Esek cahis abau be labeled for id--*-hew

. - .' - haE be takes of the test e= and the test setap.L 5. F- - s

6. - Ones and secure the chastSer aesses door.
.

.. e

l'

'

WYt2 LABORATOmeBS
m me.me pee,s.iy -

I'

! L

*

,s 9 wm-. . - ,,p g._. . -- ..y ,_...,6 ,,-,...,.~,,p ,.,-y 9y,p ,_,,.g 9,., . ,,_.,.,3 ,,, ,.%,,,, 3,%.,,,,,y ,-.ny.,.#,. ,g, r.,g,.wgo. ,,,,,yw y -i,gu,-



.-.--.____.._._._ _ _.. __-._ _ _ _..__ _._ _. _ . - _ _ _ . ._. ___

rago av. s w se
Test Report No. 17947-01y pi,,g.,g m g

Per D I
,

Revisies A
,

3J QUALFICAT10N PROGEAM (Caeslausd) ;
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3J Amident Slamalasian (Cassioned) .a

.

d

33.2 n ambs 0 enemmmendas

nree c - - ,' : shes be losased le the envireamsuial chamber withie two inches of the suface-

of the inst theures and shat be usamed to meneer the shamber sempersnes, ne individual reademos
shotbe resorded sad eversend, and the everses resorded, n ? -- .' rossiering the highest
aseparessrs shes he used se sammet she domher inspersas dains ite isidal and sessedary ramp.
ne menos dihe,einse 6 theihm L - f den be used ser semmoishersease.

Chessbar psessere shsE be monisered wkh en approprisse possare samslms devies (la, trasedmast).
Rasshs shnE be resorded.

.<
Fleur rues of she ehemiset spray shaR be asemisored by e Geir ansser. Resubs sha5 be remorded.

no Deressies Syssues 14 Desa Aegeisides Sysases (DAS) shsE be opererH *i hs peak t from

inhissima af ensk ramp endi 10 minems, and at 1.miasse inservals thanenter emia esse compisch A
pse.det ressedse shst be povided ahe so - _ , moniser the chamber temperwars.

'

.

-
.

.J

Chamashr of the DAs shot be provided to monher voksen sad surrent of as test spennees.
Chassais of the DAS sheE aise be provided to moniser f r _ f Isakage curvesi- of
spesieses 10.1a,10.1h,11.1,12.1,13.1, sad 14.1. ,

9

3JA rewaaddsma ammehmer
-

, . . -

|
AE the spesimame inessEnd is the shamber shes be cesshed for overshEky by applying vokass and
carna = dessted honum hassee the man of the assessa ims. Rasens of these isms e it asiakimb s

, i psedennemme ashade ser and W ohin sher be esapared so the measurumeens takse denne
u the resident ses,,,. ..

+

1 n. .

b W%
%| N,

*s

. 1.a. u M 435VAC 27Ampass.

k f ' 4.1,51, a 1. . ass VAc unAmpone
7.3, a.1,9,1 433VAc 20Amparas

.iarr[:nA; i. asuna,13b. . 137J VDc
~

%( as sugsired by Asce suissoid valve end device
.

|
u.14 su 1stJ VDc - as e. guised by Asco seismaid veio si device-

~
|

,

113,14.1 137J VDC as regsired by ASCO seinesed veks and device
c 1114. M.lb,15.1s 633 VAC 27Amperse
(
.

V
> >

e

e.weeane res.wi,

|

|

.

V

f

, - . . . _ - , , . . . - . - . , - , - - - . . ~ . - - - . - - . ~ - - - , - - ..~--;. . . ~ . - . . - - . . . .:-,.--.....---.-
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3A QUALFICAT10N FROGRAM (Castioned)
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33 Anddent Shanlasian (Camelound)
'

33J Aaddsat Siandatima Tant

0i Pdor to the initiados of the accident simulation,'the test chassber shall be eM=d at 123 F and
held fu se inest 30 mimaass.

Begimming whh the imidal W the test spesisuess' shat be subjessed to as assident sissuintion
test that shat sovelop the pendas shows in Figure 34 whiah indades the ,, y.b margins. The
teenperature and pressure emedkines shat be panorated by imiesnoe of saperbessed steams to -
me the chessbar lessperature and pressure. The resaps shaR be anained as a best eSort basis.

ne chemical spray shaR be initiated ater the seemed' ramp when oseditions become segurated
(280*F at 35 pois) whkh occurs at ,, "; 93 minutes isso the test and shall coensus fpr 24

'

2hours. The spray rate sher be 0.15 spe/It . One chenmal of the DAS sher be used to rsonrd Sdn
runs. ;.

;
-

-

He post.DLE temperrurt requirement firees the 240'F point at SAE3 sesseds (84 minutes) imeo ins . ,
wood trans ema cua be e.amlermed by elevanas the temperature.. De post.DBE accelerated aging
time indsding eart.a is 43 hours and 17 riimuses (+2 hours.4 hours) at 240*F. The timme is bened on..

as Arrhenius calemindra det asse as attivasies ensry of 1.23 eV which is the lemust activation
emergy for the materials of the tape asting as the pehmary ismaiados for the splices that are required
to operam dudag the sessed transisms. Canadsties of ime poss-DsE noing timw is "" in
Attachsnest3.

3J4 Aaddams OmarmhGity

The specimens shaR be checked for operabilwy by applying vostags and current as described below.
Performanos of the test specieses shall be anomisored en the DAS.

Imadman .Yaham . Cum h Durnsina
1.1, 2.1. 3.1 W VAC 27 Amperes mart of test used sed of test -
4.1,5.1, 6.1 GIS VAC 130 Amperes start of test untilend of test
7.1. 8.1. 8.1 W VAC 21.2 Amperes 65th misuse 1 hour

45th hour 2 minutes
10.la M e 137J VDC ASCO start of test untiland of test
LLI. d 1373 VDC ASCO . samtof tes t hour
13.1. 14.1 137J VDC ASCO start of tes = 1 hour
15.1a,15.1b, ' 633VAC 27 Amperes start of test until cod of test
15.1c

)

WYLE LA80AATOsuSS
m reen.e,

_ _ _ - _ _ _ - _ _ - _ _ - _ .
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3J Anddant Slamladas (Camdeemd).

,

3.94 Anddamt Omarabiner(Cassimand)

If a fuse for a test speannes blows during the test, the specunes shall be 'uisendied, together with the
tiens and the escenstances, ne spearwe shall act be doesned to have failed until the post test
laspecnos required by Session 3.10 ==embl=6 he root ceans of the failure.t

Speassess 7.1, p.1, and 9.1 are cair required to fumation for 2 unimenos faRowing necklemt initiation.
Although act a Taah'a= t-Q -- . they are being tested dereg the last hour of the test for
fraylity purposes. Failure of the araa=*== aAer the first hour does act disquehfy them.

,

-t

t

3.19 Pass.TantImammenam

The equipment shaE be vunally i=p= *=d ne equipment shall be disassembled to the |suaent-<

seessaary to perform the inspession, ne ea-dialam of the equipment shall be recorded,
d

!
..

3.11 in.Preeman Imamanian

AI test specuness sheE be cuandmed for possibis damage foRoung au nevers tests. AB important
resmits shat be legged.

Photoyephs skalbe takes at any -: hi physical damass which any occur.

..

'

AIwork : - " this prey m.45be seedmaadis encordamos with Wyle t.aboratories'ouahcy
Assuramas Polisies and Procedures Massal, which conforms to the applicabis peruces of ANSI ,

N45.2,10 CFR SO A9 pends 5, and MEitary ( * - MIL.STD-45662. Standards unimod in the
'

penimmenes d all caerations are traceabic to the National seress of standards.

52 RRPORT

A report shot be issued whid shall describe the test regarements, procedures, and resels. The -
. . report shau also include rauensis and )==aneneian required for the test and shau describs those tm

, 'soms which penned the tassa. De customer shat rosesse three bound copies plus oss reproducible -
copy of the report. Raw test data wGI be made avedeble ces year aher proyam completion.

,

)

,-
*_ ae

|wre,me away

r

. - - - . -e ,,... ,,-,.,,.n n,. _.,,,..,,-n ,-, - , .., ..~.,v,,,~.. , , wAa e,.<,.~,'~,, ,, ,.,,,,.,-eem=s .,..--,,,,,.,....c,s-
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,

2.0 04R475 E. f4 Deuf101 fut - 10lNe est 1.tl S.E REftsta, l.W I 3
'

EIIIILDE pupRSE m- estassi cens 8

. .

3.0 GWWW 18. E JEIET118 INE 10000 980 A5 &W EETRIDE, 7.M % -t

15988 W $bt180R statt

-

4

*
1

1.

l

r

Y

. . . . . . ~ .

>
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TABLE II-AEFERENCE LIST 09/22/87

CODE TITLE

00197$ "HUMIDIFICATIOM IN THE THERMAL LIFk DETERMINATION OF MOTORETTE |

IWSULATION SYSTEMS. L.M. JOHNSON. NRL REPORT NO. 7469, SEPTEMBER |
,

7, 1972.

OO2175A "DEGRADATIOL1 CF POLYMERS." C.H. SANFORD AND E.F.H. TIPPER, ;

'CGMPREMENSIVE.CNEMICAL XINETICS,* VOL. 14,_ EXCERPTS PERTAINING l

TO dGING) EL5EVIER SCIENTIFIC PUBLISHING COMPANY. ;

i

0226795 " INSULATIONS AND JACEETS FOR! CONTROL AND POWER f4 ALES:IN. THERMAL- y

RE40 TOR MUCLEAR GENERATING STATIGNS." ROBERT 3 ALODGETT AWD ;
^

ROBERT E. FISHER, 'IE6M' TRANSACTIONS,0N. POWER APPARATUS AND CYS-
TERS,' VCL. CAS-44. LEO. 3. MAY,E1969.

4

02S540 * INDUSTRIAL MGTOR USERS * HANDBOOK OF JNSULATIUM /OR REWINDS.' L. ,

J.-REJDA AND XRIS NEVILLE. ELSEVIER '1977. f~

:
*

T 025660 * ELEMENTS OF POLYMER DEGRADA* ION.' LEO REICH.~ET AL. MCGRAW-HILL
BOOK COMPANY, NEW YORE, 1971. ,

;

'
036940 ' CLIMATIC ATLAS OF THE UNITED STATES,* U.S. DEP4RTMENT OF COM-

NERCE. REPRINTED BY THE NATIONAL OCEANIC AND ATl;OSPHERIC ADMIN-
ISTRATION, 1974. ,;

027180 "A STUDY OF~ STRONG SYNERGISM IN POLYMER. DEGRADATION," R.L.-
CLOUGH, K.T. GILL 3W,tAND.E.A. SALAZAR. SANDIA LABORATORIES. NO. *

SAND-79-092*CK. AUGUST 8,.1979. '

i

i
.!

0311804 " DEMONSTRATION OF 40-YEAR LIFE FOR NATERIALS.",THE OKONITE
. COMPANY.

, .

:
'

. i

0313&OA "SUALIFICATION OF OKOGUARDfETHYLENE-PROPYLENE' RUBBER INSULATION-

FOR NUCLEAR PLANT SERVICE 1 MEDIUM-VOLTAGE CABLE AND FIELD-
SPLICE)." OKONITE. COMPANY. FORMLG-3. FEBRUARYL 16. 1979.

4
- 1

0434411 "THE.USE'OF. PLASTICS AND ELASTOMER $'IN NUCLEAR RADIATION," W.W. ;-

PARKINSON-AND O. .SISMAN. ;

!s

- us A N.
amneswee reses, - ;

-
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:19e00/87TABLE II-REFERENCE LIST

CODE TITLE

,047441 " RADIATION-THERRAL DEGRADATION OF PE AND PVC: MECHANI d OF SYNER-
GISM AND DOSE RATE EFFECTS." R.L. CLOUGH AND K.T. OILLEN.

*

SANDIA NATIONAL LASORATORIES. SAND 40-2149C.

049981 QUALIFICATION REPORT. WESTINGNOUSE ELECTRIC CORPO.1ATION. TYPE At
CIRCUIT BREAMER. REY. 2. DATED 11/30/79. ,

.. ..
,

OSO681A " RADIATION EFTECTS ON ORGANIC MATERIALS IN NUCLEAR PLANTS." M.B.
ERCCC AND R.V. DAVIS. EPRI REPORT NC. WP-2129.'

.

-|
.

'
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&
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TAlt.E III
.

.

s2A+M* pes NORMAL SERVICE CONDITIONS
SASELINE NAME FAR120

TEMD SCALE (F/C) F TIMt ACALE (H/58 H

TOTAL. TIME 131400 HOURS FCMpf *P'1 CRITERI A 10000 YEARE

NUMSER BASELINES: 1

TEMP (F) TIME (H) 'tD3 .*R ?

120 1314M

<
x.

*
.

. -

.

-.
# 4 ath &4

# |

e

-

wee raen

..
. . . . . . . . . . . . . . . . . ..

.
. _ _ _ _ _
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Table IV Wh Mas hm

F1omet/
Sassians De#* .C.aMr Rads.si narwal Asian ** Assideal

0*

3 3,1.2, LJ 6/NT02 1/0 AWG Okoguard/ 2.2E7 112 hours @ 110 C CNMT,

1/0 AWG Okogsard
24 2A13 7/NTIO IN AWG Okoguard/ 2.2E7 112 hours @ 110'C CNMT

2/0 AWG Okoguard
034313.3 4/NTD6 1# AWG okoguard/ 2.2E7 112 hours @ 110 C CNMT

8 AWG Okognard
4.1,4.2,43 10/VTU2 2/0 AWG Okoguard/ 2.2E7 112 hours @ 110*C CNMT

2/0 AWG Okognard
5.1,5.2, 5.3 11/VTtD 2/0 AWG Okognard/ 2.2E7 112 hours @ 110'JC CNMT

2/0 AWG Okoguard
864646.3 12/VTD6 2/0 AWG Okoguard/ 2.2E7 112 hours @ 110 C CNMT

1/0 AwG Okoguard
74 7A 7.3 14/TU2 1/0 AWG Okoguard/ 22E7 112 hours @ 110*C CNMT

12 AWG 06aguard j.

84848.3 15/TU3 4 AWG Okognard/ 2.2E7 112 hours @ 110'C CNMT
8 AWG Okoguard |

'

8919A 9.3 16/T06 8 AWG Okoguard/ 2.2E7 112 hours @ 110 C CNMT :
#12 AWG Okoguard s

10.1a.10.1b, 5/NTV1 12 AWG Okoguard/ 2.2E7 112 hours @ 110'C CNMT
104 10.3 18 AWG ASCOlead wire
lia 11411,3 9/VT01 11 AWG Okoguard/ 2.2E6 100 hours @ 110*C MSR

18 AWG ASCOlead wire
12 4 12.2, 12.3 13/T01 12 AWG Okoguard/ 2.2E6 100 hours @ 110 C MSR8

18 AWG ASCOlead wirs
13413413.3 17/NQ3 12 AWG Okoguard/ 2.2E6 250 hours @ 150 C MSR0

18 AWG ASCO lead wire *

144 144 143 18/N06 12 AWG Okoguard/ 2.2E6 250 hours @ 150*C MSR
tl AWG ASCOlead wire

15.1a.15.1b 19/iUS 8 AWG Okoguard/ 5.0E7 277 hours @ 110 C CNMT
15.1c,15.2a. 12 AWG Okognard
t$.2h,15.3 -

161 164 16.3 25/NTU7 4/0 AWG Okoguard/ 11E7 1325 hours @ 150*C N.A.
4/0 AWG Okoguard

17417A 17.3 26/NTVS 4/0 AWG Okoguard/ 1.1E7 1325 hours @ 150'C N.A.
4/9 AWG Okognard

*
ne detail aussbar is as alpha-ausurir aussber which describes the type of tape used in the splice
construcces saarnas from the outeraient_ tape to the immerenoet taps. The summeric portion of the detail
ammhet indicases the appronmente length of entension of the insalating tape over the end of the splice. See
the Figures for the decada.

T - Okoeite No.T.95 tape
3N - Okoske No.35 tape

V - 3M Scotch 33+ taps

Tolarsat t ( ON, +5*C),(.0 hours. +3 hours) -**

wns LAsomosman - {- r-
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Revisies A
eCilon Sectric Arc P' roofing Tape W~

one ia,0.or eine 33. is a .rer ur,,,,s.e.7 mope appi e.ed .
*g - 18"CC1 ene has an opereeing range up to 105t2207.

s Flame *stareent, hos.and conde Mose recuremens of ASTM D 3005-
Scotch' M reessant. 33 + nusense reenge of most wre 72. Type 7. Ut 510andNHf-595C.

and came mademons. R reones uerenoist rays. CSA Suseen No. 56fA (f 05'C).
-33+ aoraman.moenne. amans. semis ere

corramort Use 33 + Tape as a pnmary '****8 Iv.e* ~ * ' * ' " " " nouseman tor wwe estes eWas up to 800 vous toe sue Bad I Canes | Case
- and for Esture md two spaces up to 1000 g.,gn.
woes. Une a also 10 menten yte eactncel and %eeun 10 100
hgfHemperature steegnty of your asocincel 4 m a 20 n 10/Qs.
systems.33 + orovions an encasere

. ScrJtch' 33 +- "'****'"'*"' * * N **** ET# ~v= - ~- *Oha nd urwusens.
$/ C P W S W Tape Pon Pascas. sat Muct Paos secTion A

_

6. proportespronces33Taosmenthengra" feel.
33 is a 7detit, strong, stratony, 4

Meets recuremens of UL 570.genero6 purpees tape.
MR.47798A snd CSA.' .

A ethsid belance of physcP8 and staances !
Pactme

lorloOs wresti requere heeng. Drotecong and See has See i Canes Caos !s
*

naaeng.Toughunge becsong stougs og is.,ue to ing
I#0''

,, moense manght. heat and cela. fis scateewe 'a a i il vos a g X
grote swenty arulhugs tyglywumout
assomeorenoasine 33swaseusseisme e oa - .r. - .eScotch' 33 W N spaang. ggg )A

W P4Sec SectncalTape

85 . blue. Drown grey, wens green. orange

Nns and t.Eir e 3S is
recommenced for PVC and poryost/tene-
Jacketec cantes.' Colors are red, yeaow.

Q ,,

,

i and viciet.", , .

Meea twouvemenns of UL $f 0 and CSA

38 la e T sv.it,fm coe and M e7e Ymeef
. e . nor4e . e . g . ,0 edo m . m e esie,e
terceteremeing. Pumas :

R resess abresen. Werewenst rays, mcuseurs, see sue see i Canoe | Case
asenes. sehena and many aoss. Use 35 Tace . . en i es n utan , io e too

scotch' 35 ""*' ** * *"'***"*e"n*m* ens"on.'a=an ''e'"' I in taa a
-euen as onese% Rastc Set 2ncalTape menefyng motor teens.oceg sygesma, omer meme one onesw e.mase esa seemst

forColorCoding mening sessy areas, nouisang spaces and son pescas, san Pmc8 Pm04 85CTOs A

#
se is a hoevy.euey, aJHna, ammovemenennt.

#.
oste and N mee e some atASTMD 3005 72.
eLperter ones.wesener hansamg fasemes. Type Af. UL 570. MR.+24397 and CSA

Emra racerwes pronoes aosse elecencel
. I '** *' e 6 yproporees, cucear nousson tasitRJo and Rae Siae i nos Canea casea

acremonreessance 88Taosrememswomagne s.e i W n I il'C'" I to 103an coed oore-even s - 18ttTF-and wasuai i

3 coesn t get gooey on not osys. It a romerwacey. W**""' 'm
conformeces lor wrecong rregular surfaces - - S * * M 'M ' '88' I *. '''

ggeg- InWOS or outeos. M resse utewoot rays, cir.,.e,. nge. e n mmet i

mamass.asiames.anos arwiccnonen.g ,omPaucas.sasPactPaossecTo A .
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Pay No.46 Revisies A

Thermosetting Asheseves twt are steil caosele of a later thermosetting reactmG Thermosetting acheenves have all the properties of a onMnding an incrosse m adhemon. tending. solvent
non.thermosettmg adheswe: 1.e., good initial adheoson, and od rosastance. This spessel adhesne system well
e'octncal punty, etc. When suelected to the recom- outperform other acrylic adheenes in rosestance to -
mended thermosetting cycle, this adheene system hydrocatton ods. A tfiermoestting cycle is reevised to
wds crosslink providing greater adhesion, conding. ~ - ottam od resistence. This adheewe system else offers
higher schrent resistance and genereily better heet good resistance to most commor6 cleaning solventa
ree8*tance. used in the electroruce industry unthout thermeest. '

'

RT - Naturel er Synthette flutter. This system re.' ting. The normal cure cyct? for this adheene system is

ouires the addition of a tackifier and fillers are also . 3 hours at 120' C. (250'P). I hours at 135' C. (IFS * P) .

used to add intemed strength and yield specific pro. or 1 hout at 177* C. C100* P). ;

perties. The ruteer.reein thermosotting system is very
reactne at cunne temperatures. so it yleens a suestan. Non. Thermoset 6ng Adhesives

tial ircrease in solvent resistance in a short heet A non.thermoeotting asheene is usually applicable for

i tycle. Cure cycle recommenced is 3 hours at 120*C -- holding coil covere and irwadaewwi m economenet, un.4

*

(250'P). 2 hours at 13S'C (275'P). or 1 hour at 177'C vomished components. Tages uomg this adhesive sys.

1300*F).
tem are aies used extenemely as a "thirtl hand" dunng
NN# 8 I*

ST - Silloones. Silicone seheesve systems are com- of N tape s W M W W M W ruma 7
pounded .n a menner similar to the ruteer.reven sys. staWe.tems. However, the thertticesttmg reaction reeueres
consedermoty higtier temperature. Proper compounding - h Noteral er SyntHette Reshhor. Natural ruteer Dy
of the sdicone adheseve is very important to prende a . itself wde not petMnce a pressure sensitive agmesive

system witti a good belance of intemet strength and system. Therefore a tacketier is addec' to matie it
asheoson. The advantages of a silicone adheesve syo- p' essure sensitive and inorganes fillers are added4e j ',

gne intomas strengtfLtem are many it has enceptional heet resistance. It is
inorganic anti,if bumed. it leaves a non.conductwo Apt -. Aeryses. Acrylic agNteelves are synthetic M
resedue. It may be apsided at very low temperatures. mers. The Danic raw menertels are synthesiaed in uus R

07 - Aeryse OE Campetshie Assiosives.Thermoeot. a way that they usually so not reeuite tfie addition of'
ting acrylic adhesmo systems are bened on acryI4c a tackifier or fleier. Tate eyeese prondes greatly im. -
polymers During manufacture these systems are con. proved heet ree stance good treneeerency, very good

. trolled to a pomt weiere they are pressure sensitive - shelf life, ano a fugfi dogme of punty.

- -_ ees. - ..
,_::a, ..~._..-

. .__

s- ees,aoeen o -a., osco se mo C - , ,

""A - acry6sc - Thermonetting e- . -- - - . . ,,

S - Sii6cene hen Thermeesttwig '"7... ,,,

5 E' y,"9... ,,

* , . . . . a E E ,,,

TL u a fnsies anal Tesneerseases [ {,, m
- ,.

Auseer Asein med Aerylls Seeses Asitostue | * ,'gs;a,,,,
,

' ' ' "

*
n- ..

"~
* 3 hours et 13D* C.1290* f') * 3 hours at 380* C. (Bob' P) .-

"

.if.e- - m c.ao.5'f4
* 3 neurs et 138' C. (27 * For monimussi noevent re. - a--

__ w,__ ,,_;.m ,e g ,, -- ._ ._ .
,,,,, Char * "A" ' - * -"-" **""',

Stenelard Slltting Talerances: _
. ._

.
__

Slitting tolerances me deoenoont on the type of backing. Escoot for vmyt, cotton, acetate and glanni clotti tactied*

tapes tapes have a width tolerance of a b". Por cotton, acetate and glass cloth tecked tapes tolerance is a h". Fcc
wnyt tapes. tolerance is a h" per inch of width. -

Precision Slltting Neer Avellable On'

.

" SCOTCH" Brand Electical Tapes
The followmg tapes can be slit to a tolerance of a 006":

Peoer Taoes No;3.4- ' Pf7E Fluorocarton ~No.80.St.62.63' .

N

- (No saaes avadable under.250")-

Acetate Film Tsooft, - No. 6, 7 Polyimide Film No. 92,1205 ;

' Comoosste Taoes - No. 42, 55, it74
,

''
'

Polyester Film Twas Mo.5.54.St.57.58.74,1169.-
.

1208.1291

We will p*owde this special tolerance on a mimmum width of .12S" and a maximum width of 2.000". Contact our
nearest Drafir:11 for Drices on precistort slit tapes.-

2

.- . . . .....

- - - - . - -. . . - - _ - . - - - - =-- .z . .w.a.- + ->.
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g,,g,3,,A

i=

. .'.
s.,.a ees, s, . .. .,.+.e== na ios, . . , * - .

E ,,1235, mean/Fere(Tant
2 Crymistori M 18 254 25 43JS 18 38 3.81
3 Fwasas(Yeesel RT S .127 45 78JS 3 30 S.454 Faneta(seem M S .12F 45 78.75 3 de 834
t Reem/Fere Crees (fast M 18 .457 S4 87.5 15 30 3.27.

30 Crepe (Yement RT It ' .54 25 43.75 18 38 3.81
.

__ RT I. .224 * 3S 11.25 15 36 3.81
. , , ,

27 mass (weme M 7 .17s 15s 282.5 $ Se 5.45

Cuss og Gess(wteen ST 7.S ISO ISO 282.S S 40 4 at irrn
Lb 73 goes(wese6 0T 7.5 .190 1 75 30L23 5 25 2.72

. . . . . . . . .

. ,._ - . -~ ~... -.-- .-- . . . . .an. It Asessa(Bleegg RT . 83 .214 SG ST.S 15 et 4.36 i
.

CT*
28 Aeuaus(wan.g

, - I.t.f . 8. _ . 203 . M 87.5. ._ 15 08 8.54 |. . - . .

Cma
'

29 Cease (weest RT 9.3 241 $$ f4.25 10 to 8.54Cmin

ac em., 8 Fee (giesp ""'' 'iq~T
** ~ ~ "

* * ~ 3 * ,0d' ' ' 20 ' 38 ' ' ~ ~ de 80 8.543
~

*

" ' " t 7 Fts(Tressisemml, ,,, ,, M , , ,hS,,,,, , .008,, , ,N ,3S , , 40 00 8.54
-

,

5 Fem (Tremusursag 07 2.2 DM 25 43JS 100 45 -4
$4 Fna(Treasserug RT 2.2 .0$8 25 4315 100 45 4**

M F4m tvesset . RT 2.2 .058 25 . 43JS . 100 50 S-
. 57 Fte(Verest RT 3.2 .081 SG $7.3 125 80 8.91Fw $8 Fem (Tresesorgue RT 3.2 001 30 87.S t25 55 8 (ElW 74 Fam(Youest RT .8 038 12 ~ 21 SS 20 2.f8 M

75 Fee (Yemes Deusee.couset RT 3.3 . Des N 3S SO 40 4.3811 5 Femtgesa4 RT 2.2 .ON 25 43JS 100 48 4.90
12m Fee (Yement 07 2.2 0$$ 25 43.75 100 35 3 81
131 Fem (vement 07 3.2 .081 50 87.5 100 35 3.81

'Pn** 1777 Rome Sdewame(Amsg ' lif g .' .229 20 38 25 38 3.81

*

we n'

22 Ween Ret 10 254 30 $2.5 200 33 3.81

433 bleen Rei 7 .173 18 31.3 17S 30 3.27
*'

35 Varuus Ceners Ru 7 .178 15 28.25 200 25 2 72

M Seest Am 11 .279 ,13 81.23 300 20 2.18

,

n . ties freester A4messe Ftm
_.

A7 2 .28
.. . . _ . .: .wer

35 3.81== = .-as.w,
-

- . - . . . . ..
" M AccuseFta/Osa RT 5,1 *11 $$ M 25 to 80 8 72

|42 Anuses F4m/FertiTAw Ret 4 102 25 4331 4 44 4 36Lvn 3 FeaesserFenteset(Neue RT 7.S .190 40 70 30 ^ 80 8 72
r

" . . 1174 Paspesser Fam/nes'escal RT to .254 30 87.3 31 95 10.35 *

1300 pageaur FeevMar(Taal RT 8.0 . 152 45 78.75 3 45 4 to
W 'r r. . 10 floader$s'm (M~ NT 5.5 .140 48 70 30 45 4 90t.,+ -

,
.. . _ . . , . . . . . .

%,n J1 PWyeeser Fes/fdess F4emem (wheel RT 8.S 18S 22S 333.75 $ $3 7 OF
eg.,c,. 1278 Pseer/Gess F4emers (wheet OT 8.5 214 275 481.25 2 80 6 34

1312 seryemer Fen /Synotees Fessent (frenacerons1 RII 8 203 275 481.23 18 45 4 90
. . . . . --~ g_ . . . . . . . . . . .

40 A4ssour(me>Casesame m.=e Am 4.8 1122 30 $2.5 Se S 45-

1170 Ansonnum(Cenesswee Ashesent AR 4.0 .102 15 28,25 35 3.81 '-
f.

~

1181 Casser(Cameuerne Aasenen Ag 3.3 .0e8 25 43.75 35 3.81 l
-

1194 Casser(pies.Cenaicane Amesomet A3 3 .078 20 25 SG 5.45 |-

1245 Deesses Casser thee.Canwucase Amesnet Am G .108 2D 33 40 4.30 j-
'

-

. . -.
- . . . . , . . . .. .

. . . , - _ _ ., : - ..~.e.es.e am u s e-

3
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tisseus Presense ineres F,eeense mg
es. . cwi . e i.

,,,,,, - m,. ca ,
. .e .ice e ca te.,e w oe . =

es.
:ne . i. . -

a m = e.isice e Sea.s

%m- see, . c .c c mesesseeweseme season.se - t ee saws.asee . e-. .
,

* .gets >
k 1.8N - ' 18 . .8 . 10B' 138* . t Fl* teIL+1913BF (Type FCT) - -- --

atte-

1.33 5 -8- 15'' 13* - .tFl* =

-

3
-- - . mN-

1,938 - 5 .8 105' 130' tFS' getti- .i- -- . -n
3. Fee N 8. 15' 133* 175- --

,

1.008 te 8 -10$' 130' ' t Fl' ImL+1$133F (Type FCT)
'

-=_ _ 09tM . ?i :
--

;. WIN ,I.
, , , , , , - - - ,, _ ,. ,, ,2.M 14 , , .8 15' 12' 175' _

-- ,

, ,

3m 298 SF 13' -18B* 1 FT,' teIL+15120F (Type GFT) t f3 OAm23. - Goes 1919 4 00, 0I3e0
Fe 51F3OM ' Fe LA13810.

Dight :
) 3.30B 230 1.9 1N': ISB* 300* teiL+191egC - :GoesOAmII. :

4

Fee itFMBA .I Gues 04mEI. - . ORK-

{ 3M 175 1.0 1M' tT1' 200'
-

-
..

Fee 81FMBS
} ,.

'

. .. . . . . . . .
~ . m 34 .

3.810 .2str 1.9 15' 190' . IW* IIL+191W (Type ACT) -- -

.

N.N *.' .-

3.806 .3str 1.0 IN' 198* IS' aft,+1515F (fee ACD " . -.-
,

- - .. .e

.8E33
2.058 30 al 108' 1N' 200'. - IM+1513W (fies CW - =

- ~ ~ ~ - '
Ottat

ass '
' -- " , - . sein .,,,,200'.

E.000 > 1.tsW 1.0 IN' 190' - ,.' - --
-: --

L im >i.enF i.e in' its* ,

.-- .aoi,
sm > 1 tiW t4 ta' in' in' us.+isi W if,. w n.m - -

' - Ntel -
SM > 1 MF - 19 1M'- ' 198* , 175 ' - IslL+151W (itse teFT3.2 - 1 . .

5.85 - > 1.EsW 19 13' ISS' i 1Fl* , - tsu,+19tIW (Type terTI.N -1 -- 2

4.3N > 1 anF 1.0 1M* 1M' 175 ' . ImL+161W (Type IAFT3.h
' - .

--

- Gm ' > 1.t 10- 1.8 15'= :196' IFl' tilL+15130F (Type GIFf3.M = - -

' .099 -1 -- --

3.588 - > 1.esir 1.4 13* 198* - 175' -
- = = - ..

.BesF
tm > t.astr - 1.0 -13* 198' .1*, --

.00t11 --. .

-

- --

55 = > 1.tsW z 1.0 13D* .1M* 175' 2 4l
> 1.tnr 1.0 13'- 190'. 175* IIIL+1513W (Type IIFTI.S -- --

95MB . setM
Sm : > 1.esir . 1.0 13' tis * - tFl* ImL+tStar (Type teFT3.Si - -:

18E3t3--
7.0gs . > 1.0sw 1.0 15* 175' 380' ' _-

1
~

i6

'

1M * .
' 08231Gene suit i = -

12.000 > 10:1F 1.0 M* 15' --

Fe EtF3t"
Game 0 Ant. 2. 00308. >

1F '10 00' tOS* ta' .--1

g 10.000')10: . Fe E1FMS -
0028: Gass cent. .--

I.900 > 1 estr 10 00* 10e . tM* -
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Revisine A

WYLE LADORATOR16'-
~

NUCLEAR ENGINEERING SERV!CEE
ACCELERATED AGING- 08/16/87

KEY NUMDER: 01310 .

GENERIC NAME: ETHYLENE-PRODYLENE DIEWYL
ACTIVATION ENERGY 1.23 C(JN' aft, 7 35* MAX TEMPERATURE (C): 090

ACTIVATION ENERGY 1.23 AGING TEMpERATUAC-(C) 110
TEMPERATURE CF3 TIME CH3

120 350400

TOTAL TIME = 350400.00 HOURS-
ACCELERATED AGING TIME AT 110--C= >.

296.252-HOURE
12.34= DAYS _

.t
- -

; .,

.-/',-..., , , ;,.

f
. ,

O _~

-WYLE LA50AATORIEE
NUCLEAR CNGINEERING SERVICES

ACCELERATED AGING 04/24/87
MEY NUMBER: 00440'
GENERIC NAME: CHLORORRENE-RUBBER

. .

E0to:
*

ACTIVATION ENERGY: 0,65 . wg f;g 3p MAX - TEMPERATURE f(C) :
..

'

_

ACTIVATION ENERGY 0.65- AGING TEMGERATURE':C)-150
TEMPERATURE CF3 TIME CH3= .

104 131400
)- q

?OTAL TIME = 1't1400.00 HOURS ..

j*

ACCELERATED AGING TIME:ATc-150 C=
, 241.365 HOURS.

''
'10.33'OAYS'

~ - q [ W , . .+ * *
_

$

wvts umanatomes
m 9m,

" ', , . . .
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R a isles A
-

V

,

WYLE LABORATORIES
% CLEAR ENGihEERING SERVICES,

ACCELERATED AGING 08/26/67
r;EY NUMEER: 01330

GENERIC NAME: ETHYLENE :RODYLENE DIENYL
ACTIVATICN ENERGY 1.23 C4m'yc T.if MAX TEMPEF.ATUAE (C): 010

ACTIVATION ENERGY 1.23 AGING TEMPERATUAE (C) '10
l TEMDERATURE CF3 TIME CH3
' 104 131400

d TOTAL TIMEa 131400,00 HCURS E
ACCELERATED AGING TIME AT 110 C= '

31.531 HOURS -

1.31 DAYS
/* ? ." '. '',L:*. > : r,Q, s,' af ' sed D ,

f

!

E
\

l

J wvLE LaeORaTORrES
NUCLEAR ENGINEERING SERVICES

ACCELERATED AGING 08/16/87
KEY NUMBER: 01330g

i GENERIC NA.ME: ETHYLENE DROAYLENE DIENYL
j ACTIVATION ENERGY 1.23 cgg.lg;L - .if MAX TENDERATURE (C): 030

AC"/I VAT:ON ENERGY 1.23 AGING TEMPERAT 34 -' ' ~ 110
TEMPERATURE CF3 TIME CH3

120 131400

TOTAL TIME = 131400.00 HOURS
ACCELERATED ,2,.!NG TIME AT lir 7=

111. 0'3 4 HOURS
' 4.62 DAYS

. ' . ' , , . N' * *.

,

,

-
.
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%.e a c sv
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Revisies A
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i*

WW E AGCAATC.1;EE
AUCLEA4 ENGI. VEE 4 .NG SERVICI5

ACCELEMATED AGING 41/11,'4T

4EY %e&ER: 01310
3ENE91C SAME: ET*E INE :40DYwENE D:ENYu
ACT:VATION ENERGY 1.13 g ryg,7M *At ~EMDERATL'RE (C): C10

,

ACT:VATION ENERGY 4.43 AGING TEM:EXATUXE i ,) 150

TEMAEAATURE CC3 TIME *n3
90 350*00 ,

i
>

"0T Au T!!aE= 350400.00 -0015. .

ACCEun4A?ED AGI.wG ~;i:E c7 150 C.t

;21=.151 *0wA5 ,
'

'55.LC CAYS i

/5E.C Hour 5 :

J

.

v.

WYLE LASCAATOWEB
Muneesiese Feensny
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Mww Flas No.1794141
PassNwO

Reveales A
,

WYLE LABORATORIES
NUCLEAR ENGINE 2 RING SERVICES

I

LINEAR SLOPE EQUIVALENT 09/01/87

REF TEMP & SCALE S.40.00 F ACTIVATION ENERGY 1.23 eV

NUMBER OF SLOPES 2 TEMPERATURE SCALE. 7 i

IN!TIAL TEMP FINAL TEMP HOURE EQUIVALENT bouRS
240.00 120.00 276.3700 43.02

.

120.00 120.00 514.2200 0. 2G
TOTALS: 790.6100 43.28
ARESS ANY KEY TO CONTINUE

43 .*was , < 7 aiuunts
@ 24'o'f Ai6wt 74 MWurt
A w C i"osr-pet, M xmcar

.. ..

k

l

. !

4

e

6
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-

I

Methode6egy used in the ostenninetsen .

W
Thennel Age Senenivey and Aging Parameters .

!

(matenese)

For many nonmessuic metenals t is known that the degradesion process can be deAnod by a single i;

temporusurodependent renceton inet follows the Arrhenas aquesion (MKK Sat. 70f.fpT2, ifff Guiale for ;

m sneescer Ane+se or thermet ue rear oess?. i

k = A ,((E,/k DI III |B

where:

k = reendon rese

A = frogwry factor

, = exponers to bene e <

-|E o s e a n ener . :s
,

k, e .o.s.ne . conses,e ;

S#

T = ebookse temperesure (MoMr4 .

tJe is eseumed to be irwerseey prepardones to ine cheminal remedan rese. In in of Ise, and ener
corwerdng to Napierten base ' ; ;_,, Egadon (1) becomes:+

In Oso) = (E /k )(1/0 + consent (4es
Equadon (4 has the algebres form:

,

y = not + b (b) -

where;

y - In pset

x=1/T

m . E,/k , constant for eingle domnant reacdonsg

b = consent

The conserne m and b can be estimused by Itting the expertmanid data in the form of in (Ise) versus 1/T -
to the abovw emple tinser reisdonship.

. . >

|

)
__

j

MMM
nwn e r.em,-

j

i

2

,, e- , < ,+..., . ,,.r,a-- ,.w.,,.,,,..,.e,.. ,,c....-+ , y ye, n ,. ,,a...4,,,,,.7 , . , . , y..,y.,m , , m a,.4 m,,, .,
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nevista A
I

|

Amdahie motorted aghg dets is used as the basis to determine componeres wth tirne4empersase seisted
ashg meshe dens. Aommi opermhe espertence and previous test des for the same or shdler meiertuis i

are also considered. Where this dass is urumeiehis, carehd morepoimelon and/or esloodve engheering
Judgment is employed and idensed h the Aging Analyels soodon appitombio to the speellic squipment

.

being quesmod.
i -

i

Maints are judged tu be age Innemidvs for tim >4emperesure eAeois. Por nonmeneBic menertais, a-

desarminnelon ses made as so whahar the muertui can be quelRed for a 40. year lua. This was done by
|

unhg the normai seMoe ten 1peresure(s) for the basedne temperature. Where appropnote, aucwence was '

made for asf induend x celdnst rest itse.

|
The basis for evaluseing the thermal constivey of each noronsesse #nsterini is to determine the espoosed .

les in its serv 6se environment if the amiculated esposed 18e is grener then 120 years for a med
em4cnment,1,000 years for rnisarisis loosted in a harsh environment ousado coreninment, and 10.000
years tar muertuis loomed in corneinment, the motorial is considered age insenaldvs for the appucadon.

*

The remas of this evalueelen are shown in Table I undw the column headed ' AGE SENS* (Age
5ensillvl4 ,

Por an aging analysis h a med amtonmort, the conservedvs apprumah 14 to denne the quelfled Age as
ano4hhi of the colouissed espeened Igna f >

The amicLAssad espooned Les of the nonmetallo magertuis otAmidored in this report are shmun ,In the
,

Aging Meerk. Table L <

RXARAPLI 1: Assume that en supemed We amiculaden is to be personned. it is aneumed that the
miserial is at a service tempeneure of 30 C for se percent of the ilms. - !8

1he Anhenius aquenon, Equaloci (2), is repassed:
,

in (IIs) = (E,/k )(1/T) + Conssent (4) [g
'

A m% is made for the manerters slope and consent and the Anhenius equadon ovatussed for a
given type and issue or daymondon, s'g., for lynn (rytes 101), for ses ions of ionese sirengm, in.
Anhenha aquedenis

'

in m a surr.3s73e4 (1/r) .17.aoes34s (s)

8For a baselbe tempomass of 30 C:

8 oT = 30 C + rra = 3as g g,
,

'

in $5e) = 9037.387384 (1/303) .17.84348340 (7)

|

.. (s). - h gaat = 14.sE

LBe = 3.018.001 hours = 344.5 years
**

ENO OF EXARAPLE i
.,

IAfYLE LANDflAftigstm ,

manoese rsewer

:
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Page No. 87
Nev6eles A

'

in erwns inesences a le nromessy to accourt for a range of normal service tempeneures due to changee ,

in piers operusing condelene, ea;mnel inceors, desetng sleestool loads, sesL The moected lite of a,

nonmanatic nmortui can he caladeand for any number of heestine ternporesures es shown in the fosomng
6 -

:
! -

EXAMPL2 2: Ataura that an especsed las calculadon le to be performed, it le annumed that the |
le a a tendes temperesus of So*C for so percare of the time and ht a service tempermure of I

. for the awereMng so porosen of the amo.,

1 The coloulead nose,w we een be ossermined using the Arrhenius aqualon:

fas - (age (E /ke)('/T ) + **"'8'"Il(d't "'(E /ke)(16 * 86 ))e A e R 1

e es,(E /k )('6M * 161) M)+Idl es 2 -

where
'

En * euitenon energy (ev)
,

4 I
kg = Bohemervre consawa (Est7 x 10 eV/olg. ,

Tg = prercorwenientroterancetemperesure .;
2

'

dt, = medecinuf equhelentof theeme
spentutemperatureT (0.80)g.

eta - endecimes w,dernev.ene
ep e e arm erense r ,s.aos .

T = eervicetempersauro (30 C = 30s*1Q8
3

,

8 8T = 'servios tempersauro (40 C = 313 M)a

LAsizing the slope end conemos of Equemon (S) and a reference temperanse of 25 C (20s# ) yielde*8 K

lue = (532s81s.74)/(0.ao (1.73r775418) -

*

+ (0.30 (4.836461414))) (10)
,

= 2303431.58 heure = 251.5 yeenL

ENO OF EXAMpt2 2 .;

| It le funher'noted that, for many reestone, the activadon energy can be considered to be conssent wer
j- the applicable temperesure range. Equation (1) can he transformed Ireo a form wnich yielde an

ecceleradonlector,j.
j

.- .

'

.

wns umanamnes
wwwe== reeimy

s
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7ege No, as
gevts6es A .

F

Tia anonieramon hota is dennes as t n,.a ,

Its aquestonis: ;

t /t -(ee,(4./k )(16 1/7 )) (ii)-

si s 1 2
'

whee:

it - aconierenad agine one a temperane Tii

t, - nomus uwe ene a temensure r,

, - reannaio tem e -

r, - andadon energ(ev)
,

kg - summenwe conmers (s. sir x to.s ,yfgg
,

.

T - m agine wnperene ogi .
,

i
T - termalserdostemperumme(19g

The tensformadan el me remedan runs form of the Annenks aqueden to an acceleremon form is
,

j - assompushed astopose: >

The detsuden af en anonienden Isoner is accomptihad ty teitg the deerence besween arvy two parts '

of the lheur ratesonsfe,s Tha, Iwe messhas t for se into Equeman (2), we stamin:
!
'

int = (E,/k M1/0 + Conument (12)g

Por the set of poisse $y,7 ). Eemden (14 becomes:3 ,.

h:i - (E,/k )(1/r ) + casame (13)g g ,

Forsw een af pains s,,7 ),aquede Om becomes:2

h t - (E,/k k'/T ) + C3""'n' ('*)a e s

auemumme Emunen (12 Irem Esaulon 04) yEsa:

int ht, - (E,/k,H1/7 ) + conogreg 3

-(E,/k )(1/T ) conssers (1s)s 1
.

I

1AfYLE tA80stATOIIIES
Muntunene Feeshty

.-.. - . - . . . , , - . _ . _ . . . _ .__._....~__..-._.._._,_.~,__.,___..._._2._,._....-.-._.__.._,,a- -.. _ _: _.
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Simpidying and rearrergng Equenon (15) yleida:

In (t /t ) - 4a/k )(16 1/T ) (18)2t s 1 2

Taking antsagerahms yields:

t /t2 t esp (4alk )(16 *1/7 )) (17)s 1 2
'4

Equation (17) is the same as Eqtadon (11).

The acceleradon factor (t /t ) is the redprocal of the time w.,-- ' = tecuar 3,/t ). Taking the
redprocalof Equeolon(17)t

2
-)

2 esp ((I /k )(1/T, .t/T )) (18)1/t es 23

SoMng Equation (16) fort Mg

t1 = t2 emp((Ee/ks)(1/T11/T4; - (19),

f N (19) can be used to derive the accelerated aging times for meterials wth known
m~ la many cases, t is nas precdoel to independerey aconteress the time 4emperesure of
each nunmessels menartel. In this case, a determinellon is made as to which r usertal hoe the lowpst
ecoveston enerTy. The tim >4emperesure eNects are ecosiersted bened toen the lowest acthodon energy . M
for conservealern This ensures that the degreneden of each age eenethe motorial is accelerseed to et
least the equhelera doyerteston en that to be ensountered during the quetMed No.

The conseradem of beeing accelersees agha on e.s lowest acstadon energy is demonstnmed as
fosows:

The ach factor (t /t ) of Equedan (17) is greater then 1. hr a constant activadon energy, when2i
the acceiurated aging temperature T is preser then the normal service temperature T *i

g e
with T greater then T , the term (1/T .1fr ) is negedvs. This negathe muidplied by the negstrve in thei 2 i 2
exponent reewis in a poessa exponers. A posesve e,onent, in tum, reewis in en aceweranon factor
g eater then 1.

)

WYLE t.ABORAsVINES
nwwaaie reedier

1

- -
. . ___ _------m_-----__m.- ----m. --
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The aoosiermion innaar versus (1/T) tar wrtaus aoshemen energine een be pioned as shown h Pigure A ,
1. Shoe the adope of aech plot is propondonal to the asshesion enseg, per Equasion M. it is shown that a
lower acWanion energy amuses a loner slope and theredere a lower acomerasion lector. Thus, for a given
anemieresed aging temperuswe, dfierent asshesion ensglso seuse smarers .tederemon tschts,
assumhg that the nonnel service tempersaure is the seem This le demonseresed h the lusomme
84

EXAMPLE 3: Assume that a system consists sileur musertsie which have asshesion energies of 0.80,
8

1.00,1.30 and 1,40 eV. It is assumed that asch musertui is nonnsey at a servios tempersawe of 30 C for a
!

spelEnd We of 300,400 hours (40 yeeral, it is twther assumed that enesiersted thermal aging shof be
personnedseso e, jn

| r the anossersed solne is based iean the maesress weh an seemian ensor of 1.Osv. the mamano
re s:

,

The reissonship of the curves of Pigwe A 1 is generssed tram Egummon (1si and is denned as:

'
t /t " e,HE /k )(t/7 * 86 )) M'

at es 1 2

siesimulhe Ea - 1.0 av, T1 - as3 K and 72 - acus #K lien Equasian (1st yesede an anosiersson lese'er of8

''*""'""'*V: -

,

>,

m/t1 - sea. W1)
'

Thus, for a namel service ine of so yeem (t, - asseos howel, the asemieresed ashe one from
Equasion(1siis:

t, - aso 4oo/nes - se4 hours (as)

Therefore, ushe the anonismed thammi aghg program of spoC ter es4 lare, the equhelert
oerw:e seed nomad servene one at so n ,,, in, ,,n,, ,,,,,,,, ,,n ,,,,,,,, ,,,,,,,, ,, ,,, 3,,, , ,

and 1,*e av can be ominumand ushe Equeman 906

Thus ear E, - c.ao av: .

4t "**.,(Sao/utet7x10 )(1/sa.t/soepHasp ,

t .- es,ns hows (11.3 yearsi (33)s ,

,
,

Perg- t.as sw: -
.

4
. [ca

8 -ans,,HiJo/s.sirx10 )(1/3m-1/3osn3
, ..

: .1. set.s14home(t41.svenne (sc)'
.

>
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For E, = 1.40 eV:

W (-(1.4 8.817 x 10 5)(1/383 1/303))(27)t * 8842

12 = 4,408,382 hourg (503.f.yewrm) (28)

Thus, a le seen that motorials wei acefvesion anergies lees then the 1.0 eV. on which the aging program
0wee bened, are underaged by the acosiersted aging M 90 C for 624 hours,

in order to ensure the demonstrahon of a 40 year serWee 15e for el meterisie, the lowest acovedun energy
shoud be eoesn. Beeng the accelerated aging program on the lowest acthodon energy of 0.80 eV
resute in the tonowing:

Subettuting Es = 0.00 eV,T1 = 383% md Tit = 303% into Egution (20) yields an acceleration factor of
apprommelsfr.

- 1 /12 1 = tas (2s)

Thus, the aging one is: j'

t = 300,400/158 = 2214 houre (27);3
*

Rechec6dng the other metertale for adetw se agin0 results in the fo5cmng for an accelerated aging #
0program of t. = 2214 hours T = 303 K and T a 333*K;j 2

For E, = 1.00 eV:

12 = 1,243.106 hours (142 years) (28)

For E, * 1.20 eV:
,

1 = 4.400.508 hours (503.4 year.) (29)2

For E, = 1.40.v:

ta = 15.641,171 hours (1738 years) (30)

Thus, t has been demonswesed inet beeing an accelervsr. thernet aging program on the lowest
aculvetion ewgy, when the baseline temperatures are common, provides the ccneerwetiam desired.

END OF EXAAAPLE 2
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! ? .4.9 etr; 3 , IterWes A
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i

in some insonnose k is nooseenry to account for a range of normal serv 6os temperseures due to Wienges
h plant operusing condalone, someonel immers, deering stocartesi loads, een. These vertestone ars' s

anoounted tar as snown h the sesowns semple:
'

EXAadpt2 4: Assume West a thermal aging program le to be portermed on a eyenom wherein Wie lowest
0eashelion energy is 0.80 eV. It le aneumed IPet les syneem le a a service tempersase of 30 0 for 80% of

0the time, and a service temperesure of 40 0 for the remaining 30% of the this during te draired 40 year
ise. n is swdier assened inst om anoeserseed ashe ehes be panormed a s0*c.

The thermal aging tone requked to simidate these parametere le calculated using the Anhenius equatinn:

'

t a 1 esp ((u,/kg) (tg, . ig ))s 2 g

3 og((E /k )(16 18 )) (81)^ 1
a te 1 3,

L where:
!

t = anonierened aghs time at temperature 71 *j

|
t = normalserviosIbneattempsmewsTg_

,, jg ..

f,3 = nonnd service time et temperesure Tg ;

) ,,, . enant ee nmee n -
'

, --
.

l
e, = -*-*=i ens,gy (ev) -

4ks"***8"*a*'C*am"*Meirx1o ev A
'

7 = acontermed agha tempossee M-1

T = normalservios shaperesure M eiI 2

T = nennejew Mg

Themiere the thermd aging Ilme et tempemeure t le
j

t = ITF1 hows + 1175 hows '= 3300 home (32)g

The themmi aghs inne seguired to simideas any number af homegra temposswee un be *h
usingINe teshreque.

. - . . . . .

WS OF EXAAApLE 4

)
.

9

** sum sePe=mv
i

,

L

_
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