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i COMMENTS ON DRAFT NUREG/CR4412, DATFJ) JULY 1996
i. AGING AND LOSS-OF-COOIANT ACCIDENT (IDCA) ;

:. TESTING OF ELECTRICAL CONNECTIONS ;
>

! :

i Commenta L,yered 12/16/96 By: ;

i

| A. Alammmarae, ComBd ,

W. Hadovski, ABB Electro #achanien, Inc. I
;

; J. H,achinean, Electric Power Research In=rinite ;
iR. J. Smkh, Duke Power*

| G. J. Toman, Nutherm International ;

i o

i 1. Abstract, last sentsace. A statement that further work is necessary seems gratuitous. This :

| sentence should be reworded to state that "If the aging levels minalarrwi in the program and the !

! sut ep...a perfbrmed in the program are requued by plant applications, failures would be !
i expected in 5 of 10 connector types." The aging levels were much more severe in the program ;
I than used in the related industry programs and most applications do not involve submergence. .

This teport should not presuppose that current ya8maa'he have requb.. x that are the
same as, or more severe than the conditions assumed in the test program. |

i

I !
! 2. Section 1.1, second bullet. De plan for this program assumes that a device must be aged to [

150% of the original agmg for the device to be useful for 60 years. His assurgtion is not the
~

1-

| unsumption of the industry. For the most part, the industry is verifying that temperatures and i

| doses are low enough that the preWtiMa of the original 40 year qualification actually j
j envelops the needs of 60 years at the actual service condition. The pre e rdiMis of the ;

industry's quallScations wear not gentle. Addag 50% rnore aging to them is significant and |3

i very damaging. Failures of connectors and cables would not be unexpected with this type of ;
!

] additional aging.
,

j 3. Section 1.1, last paragraph, last 2 sentences. With the "ea*h of the level of aging, for the !

most part, the tests performed were the equivalent of a qualification test under current. ,

) standattis. His paragraph infers that T-imaa'u would only be valid if statistically sound ;
'

j sample sizes were employed. De industry has addressed this issue and this statement (i.e.,

| "to test enough of each type to get a statistical sample") should be removed.

!- 4. Seenon 2.3.1, first paragraph and Table 2.4. A 6 month aging period at a 98.8"C thermal
: condition was chosen based on the arbitrary selection of 1.15 eV, when the range of activation i

| energies for t!* devices was 0.8 to 3.916 eV. De result of the selection of 1.15 eV as the |
activation ewgy is that some devices were si "==iy underaged (0.23 times the desired life |! F

| goal) but most were severely overaged (from 1.4 to 106.400 times the desired lifb goal). While j
; the industry generally selects the component with the lowest activation energy for a device as '

| the weak link, this is caly done on a device by device basis; not on the basis of a set of
different devices produced by different manufacturers. Whde underaging would not lead to2

] tailures, severe overaging could. Given the large amounts of overaging on top of an attempt to ,

!
; attain 150% aging of the original aging, failures would be *W_ to the seals and cables in

!j the program.
!

1 5. Secdon 2.1, sixth paragraph. A rough description of the mounting of the connectors is

|
provided. However, there is no description of the acmal m'w*ia: method including slack in

i
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the cables for expansion and support or lack of support of the connectors and cables.i
'

| Insufficient informadon has been provuled to allow the reader to understand the full nature of
i the test setup.

6. Page 7, right hand column, first full paragraph. RocH*mtaa Firewall III XLPE cable is !!sted4

as being used for leads. However, no indication of the jacket type used on the cable is
Indicasad. 'Ibe jacket could be either neoprene or Hypalon. I

Also, there is no indication as to whether the XLPE is cured by irradiation or cham %h. 'Ibere
are differences in properties between the cure methods that could bare on insulation resistance
results. -

7. Pigure 2.9. 'Ibese figures indicate a lack of control of the aging temperature. Industry
programs strive for i3*C or better. The upper figure indicates limits of 10*C and more
over nearly the endre period of the 6 month test. Again a mix of gross underaging and
overaging is irwilemwi A dur== ion of the effects of these wide swings in temperature is
desirable.

8. Table 2.5. 'Ihis table compares the test profile with that given in IEEE Std. 323-74. First, the t

profile in the =:==adir of the prendard is not a requirement of the maandard (See disclaimer at
start of Ap~adh A). While the BWR table states 200*F fbr 100 days, this has rarely been
used as a licensing basis for power plants. Older plants have used durations of 17 to 30 days.
Only later plants use 100 and 180 day durations. However, the nearly all of the plant specific
profiles have nach lower tails with long-term temperatures of 120 to 150*F. not 200*F.

9. Section 3.2.2, second paragraph, second ma===e*. The text states that "Each plotted point is
the average..." Piemme state what the average is. Is it the average of each individual conductor
to the surrounding grounded conductors? In addirian, givittg garate plots for the outliers as
compared to the well insulated conductors would be highly mformative to the enginaering
mind.

10. ' Post-IDCA h==edan. 'Ibere is no discussion of the condition of the specimens from physical
and visual ia==ahan following the IDCA test. Statenents fkom NRC Research personnel
indicate that the cable jackets had degraded aiF==Jy. Given that the cable jacket often
forms part of the seal system with the connector back: hell. some indication of the physical
condition of the interface with the backthell should be given. Before and after photographs of
the connectors would be highly desirable.

11. Seedon 3.3, Bulleted condidans. The use of 1000 Vac and 2400 Vac high potential tests at the
end of the complete test program under full submerged conditions is excessive and outside of
the guidance ofindustry pract'ce. No qualificanan standard requires such tests. 'Ibere are no
control and instrumentation circuits that operate at such voltage and no manufacturer would
recomnend such a test on a device that by definition has to be degraded from its original
condition. *lhe highest voltage in use on most of these connectors is 480 Vac and that is only
for a hmiend number of them. Most will not be operated above 130 Vac or 142 Vdc and most
will be operated at 24 to 50 Vdc. Connectors are not tested as if they were field cables. j

12. Section 3.3. With regard to TDR shifts, the cable jackets and insulation would be infused with
water fmm the pressurized steam exposure. 'Ihe infusion of water would increase the
capacitance of the inmilmtian which would gready affect the transmission properties and would

i

i
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cause the results to seem as if the cable lengthened.

!2

i 13. Page 26, first full paragraph. Without information from a careful dissection of the connectors
! and cahlen, the data from 13 months after the test is oflittle value. Whde one would surmise
'

that the cables had " dried out," many other phenomena may have Am.4 that have not been
accounted for. |

,

| 14. Page 27, Brat and second paragraphs. No usefbt informatian is kuparted by stating that the )
; conrhetars under tests "tnpped the test set.' What was the settmg for the test set? Was it set |
; on the most =mmitive level or did a significant tantrage current have to flow before the set

; tripped?
!

;
:

1 15. Pete 27 second paragraph. Suhmhdae a component to a second dielectric test aAer it failed the !-

! first la adding insult to irdury. Electrical failures are rarely self healing. 'Ibe devices did not
| fail two tests; they were faded at the and of the first test. !

) |
j 16. Secdon 4 top of right hand column. 'Ibe requirement for device T=lification is to di+&tcly l

| function under =aaeinad candidans. Most ca-etors are not used in submerged condirians. j
Those that are would not be operated at the test est voltage levels. Without an indication of the

'

.

I current required to " trip the test set," few inferences can be made with respect to actual
j applicanana that do involve submergence.

17. Section 4, last paragraph. As stated above, most unlities only plan to use existing TaWadons
,
'

for use beyond 40 years based on the existence of less severe normal raaditiana than were

| anamnad in developing a 40 year qualiSed life. As such the overaging that oc ws4 in this
program, especially with respect to a number of the devices that faded, can help explain the

4

' failures. Any further work abould not use the basis that was used in this jw.grein and should

i be taDored to device specific activadon energies rather than an assumed genene activation

i energy 'Ibe last bullet should be deleted, it does not appear to be correct (the inline splices did

| not fail) and it adds nothing to the fachnic.at conesnt of the report.
i
'

18. Section A.2 Second W.yk. ' Ibis paragraph states "The slow test chamhar flooding that
occurred through day 5 caused even larger reductions in the measured IR values..." This

i flooding should be explained in detall in the connext of the terminal blocks and in the main part
j of the report. No mention is made in the main report of such a significant evem as chamber

! nooding.
!

| 19. Appendix B, last paragraph on page 63. 'Ihis paragraph is too terse for the average reader to

j understand what is being said. Breakmg the discussion of increases and decreases inso two
maniancas rather than using parenthetical statements would help. TDR testing is not a common1

test to most engineers. More explanadon would be highly heneficial.

| This section abound also explain why multiple plots are given in each figure. Are these merely |

j the results of multiple tests? If so why are there gross differences Ws some of the upper !
i and lower plots as has occurred in the left hand plot in Figure B.I.

.

i !

) 20. Figure B.1. What is the significance of the left hand and right hand portion of the plots? Does |
j one apply to open circuit conditions and the other apply to closed circuit conditions? Or does |

| one apply to conductor to shield and the other shield to ground? An explanation is necessary,
i

!

e
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Also, an explanation of the meaning of the plots is necessary. h reader needs to know that.

the stap change on the right hand plots indicates the connector interface (ifit really does). For,

the left hand plot the reader needs to know what it is and what it means. This concept applies,

to all of the Figures. Very litde information has been imparted.
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