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PROCEEDINGS
[9:00 a.nm. ]

JUDGE BOLLWERK: Good morning, everyone.

I think we're here to begin this morning with the
rebuttal and surrebuttal testimony relating to terminal
blocks.,

Any procedural matters the parties wish to take up
initially?

MR. REPKA: We have none,

MR. HANCOCK: Yes, we do.

MR. REPKA: Oh, we do?

JUDGE BOLLWLRK: Mr. Hancock?

MR. HANCOCK: As we talked about on Monday, your
copy == thu Board's copy of Exhibit 19 was incomplete.

We're going to substitute that.

JUDGE BOLLWERK: All right. These are our copies
or these are the court reporter's copies?

MR. HANCOCK: These are your copies.

JUDGE BOLLWERK: Jkay. The court reporter has
them.

MR. HANCOCK: Yes. Our understanding is that
theirs was complete.

JUDGE BOLLWERK: Just the Board's copies were not
complete.

MR. HANCOCK: Right. You all got the Reader's

ANN RILEY & ASSOCIATES, Ltd.
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Digest version.

JUDGE BOLLWERK: Chay.

Any other p.ocedural matters:s

MR. HOLLER: If I may ask a question just for
clarification, on APCo 39, if we were to follow the Bates
numbers, that's a way to check to make sure the particuilar
copy we're using is a complete one?

MR. HANCOCK: That's correct.

MR, HOLLER: Thank you, sir.

MR. HANCOCK: There was a gap in there,
checked it on Monday.

JUDGE BOLLWERK: All right.

So, you're satisfied. I mean, for instance, I can
go down and check the copy we have in our file room, but
you're satisfied that the copies that were put int2 evidence
are complete, as cpposed to what were sent to us earlier as
pre-filed exhibits.

MR. HANCOCK: That was our understanding, Judge.

JUDGE BOLLWERK: Okay. I may check that anyway,
but at least at this point, we'll go with what you say.

Anything else?

MR. MILLER: We're donn.

JUDGE BOLLWERK: All right.

Why don't we go ahead and start with the panels, I

guess the staff panel first?

ANN RILEY & ASSOCIATES, Ltd.

Court Reporters
1612 K Street, N.W, Suite 300
Washington, D. C. 20006
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MR, HOLLER: VYes, sir.
I will remind Dr. Jacobus and Mi. Luehman that you
are still under oath.
Whereupon,
JAMES G. LUEHMAN
AND
MARK J. JRCOBUE,
witnesses, were called for examination by counsel orn behalf
of the NRC Staff and, having been previously culy sworn,
wern further examined and continued to testify as follows:
OIRECT EXAMINATICON
BY MR. HOLLER:

Q I'll ask each you, 'n turn, to please identify
yourselves by name and current posi’ ion.

A [Witness Luehman) My name is James G. Luehman,
Senior Enforcement Specialist, Office of Enforcement.

A [(Witness Jacobus) My name is Mark J. Jacobus,

I'm with Sandia National Laboratories, and I'm a senior
member of the technical staff.

Q I'11 ask each of you if you have before you a
document entitled "Rebuttal Testimony of Mark J. Jacocbus and
James G. Luehman on Behalf of the NRC Staff Concerning
Terminal Blocks."

A (Witness Luehman] Yes, I do.

& [Witness Jacobus] Yes, I do.
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seventh line of that question references DiBenedetto's
testimony at pages 114 to 25. That should be 114 to 15.

The next one is on page 44, the first ne, where
staff Exhibit 73 is referenced, and there is a close
parentheses. There should be a second close parentheses
there to match the one on the previous page.

And finally, on page 46, the last line of answer
38 begins with "That follow . . ." It should be "That
follows . . ." Just add an "s" to "follow."

That's all the corrections that I have.

MR. HOLLER: I would note for the record that
those corrections have been indicated on the copy provided
to the court reporter.

JUDGE BOLLWERK: Thank ynu.

BY MR. HOLLER:

Q I would ask you gentlemen at this time, is the
document you have before you true and correct to the best of
your knowledge and belief?

A (Witness Luehman] Yes, it is.

A (Witness Jacobus] Yes, it is.

MR. HOLLER: At this time, I would move that the
rebuttal testimony of Mark J. Jaccbus and James G. Luehman
on behalf of the NRC staff conc/rning terminal bLlocks be
bound into the record as if read.

MR. MILLER: No cbjection.

AlN RILEY & ASSOCIATES, Ltd.

Court Reporters
1612 K Street, N.W, Suite 300
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

A\ AN CENSING BOARD

In the Matter of )

) Docket Nos, $0-348-CivP

ALABAMA POWER COMPANY ) $0-384-CivP
)
(Joseph M. Farley Nuclear Plant, )
Units 1 and 2) )

) (ASLBP NO. 91-626-02-CivP)

REBUTTAL TESTIMONY OF MARK J. JACOBUS AND JAMES G. LUEHMAN
ON BEHALF OF THE NRC STAFF CONCERNING TERMINAL BLOCKS

QL.

Q3.

State your full name and current position with the NRC.
Mark J. Jacobus, Senior Member of Technical Staff, Sandia National
Laboratories. James G. Luehman, Senior Enforcement Specialist, Office of

Entorcement.

Have you prepared a copy of your Professional Qualifications?
(Both) A copy of each of our Professional Qualifications has been admitied

previously into evidence as Swaff Exh. 1.

What is the purpose of your testimony?
(Both) The purpose of cur testimony is to rebut portions of the Alabama Power
Company Testimony regarding violations of the environmental qualification (EQ)

requirements for the States terminal blocks (Model Nos. NT and ZWM) and the
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General Electric (Model No. CR151) terminal blocks at the Farley nuclear plant
which 1n part led 10 the civil penalty that is the subject of this heanng. The
APCo testimony which is the subject of this ftal testimony is contained in
Direct testimony of Jesse E. Love, James E. Sundergill and David H. Jones on
Behalf of Alabama Power Company (ff. Tr. 978) (hereafier L/ST) and Direct
Testimony of Philip A. DiBenedetto on Behalf of Alabama Power Company

(ff. Tr. 1227) (hereafier DiBenedetto).

Could you please summanze APCo's position as you understand it”

APCo is relying on several factors for their position. First, they ¢laim that the
terminal blocks were qualified as of November 30, 1985, based on their
contention that the terminal blocks did not need w0 funcuon at peak-LOCA
conditions and based on what they consider Staff agreement of their position based
on the January, 1984 meeting and the following correspondence. They next claim
that even if the terminal blocks are required to function at peak-LOCA conditions,
they should not be expected to have known that the blocks were not qualified,
This actually presents two opportunities for them to claim that they did not know
and they should not have known: first that they did not know the blocks had to
be qualified for peak-LOCA corditions, and second, that if the blocks had to be

qualified to these conditions, then they did not know and should not have known

'Unless indicated otherwise, the response 1o the questions are by Dr. Jacobus.
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during the inspection, either in the qualification files or in response 10 wnten
questions to the licensee that questioned the basis for qualification (Swaff Exhs. 71
and 72). In response to EQ Question Number 26 (Staff Exh. 71), APCo indicated
that the basis for selection of an acceptance criterion of 1x10” @ was contained in
the response to EQ Action Items 018 and 067 (APCo Exh. 52). This document
discusses the Conax test report, including the environments that the tested
(Connectron) blocks were exposed to and the minimum insulation resistance
measured for the blocks. Interestingly, there is no mention in that document of
the temperatures when the insulation resistances were measured, nor is there any
argument that the blocks are not required at peak LOCA congitions. The
temperatures at which IR measures were performed is clearly not obvious from
the plot that is cited irom the Conax report,

At the meeting in Atlanta on November 25, 1987, APCo indicated that
they still had faith in the Conax report for qualifying the blocks. At that meeting,
they presented an enhanced version of the graph fiom the Conax repon (APCe
Exh. 56). This enhanced graph included several data points that were not
inciuded on the Conax graph. It also included the temperatures at which the
insulation resistance measurements were performed, which also were not part of
the Conax graph. Interestingly, this data was presentad to the Swaff at this

meeting with no qualifications.
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Following their presentation of the data, I pointed out that the data in the
Conax report was invalid as staied by the test report. This point was discussed
in my previous Direct Testimony. This was the first ume that APCo
acknowledged to the Staff that snme of the data in their figure was invald.
APCo's Direct Testimony addresses this point for the first time, where in
Mr. Love's response to Q107 (L/S/] p. 117), he states that with regard to the this
plot (APCo Exh. 56),

This curve, which was developed specifically for the meeting, ¢id

not contain any explanatory notes indicating that the peak-LOCA

portions of the IR data from the Conax testing were indicated in

the test report to be defe ve. This fact had no bearing on the

substantive nature of the slevant issues because these IR <daua

points, which were all equa: .0 or greater than SE9 ohms, were nol

used in our selection of the value of 1E7 ohms,
It is extremely unclear 10 me why APCo would take a valid dawa figure, add
invalid data to the figure (data that could have most definitely misied the NRC
Staff because of the appearance of favorable IR data at 300°F), and then now
claim that the data they had specifically added to the figure was irrelevant 'n their
argument,

At the same neeting ir sdanta, APCo presented the data from the Sandia
report (Staff Exh. 73) as pant of the JCO (APCo Exh. 59). Although they still
stood behind the Conax data for qualification, they provided an analysis of the

Sandia data *wo further exemplify the amour’  conservatism built into the

setpoint analysis® (APCo Exh. 59). This is the first time that APCo provided any
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documentation that ¢claimed thai the blocks did not need to function at peak-LOCA
conditions. They assessed the Sandia data and concluded that the blocks would
function acceptably at 296°F and that the blocks were not needed at higher
temperatures. This was based on an IR versus temperature plot that assumed the
IR on a log scale to be linearly related to temperature.

When it was demonstrated that IR was in fact not related 1 temperature
in this way, the meeting adjourned with APCo planning to replace the terminal
blocks.

Asice from oral responsss during the 1931 depositions of APCo witnesses,
the APCo Direct Testimony is the first documentation provided to the NRC Suff
that claims that the terminal blocks are not needed above some sull lower
temperature. Iam aware of Mr. DiBenedetio's assertion that hus January 8, 15988
report (Staff Exh. 47)

. demonstrates that terminal blocks used in the APCo
applications, that is pre-accident exposure and post-accident long

term cooling, were capable of nerforming their intended functons.

(DiBenedetto Q&A 143, p. 113).

However, his report addresses the issue of when the instrumentation circuit
te.minal blocks are required at Farley with reference to the Farley terminal block
JCO (APCo Exh. 59). The JCO claimed that the terminal blocks were not
iequired above 296°F. Mr. DiBenedetto does not assert, in his 1988 repert, the
temperature above which the terminal blocks are not required to function. APCo

still has not defined what temperature they feel the blacks need to be qualified to,



based on the circuit-by-circuit analysis that they claim 10 have used as a basis for

qualification al! along.

You referred to APCo's response to EQ Action Items 018 and 067 (APCo
Exh. 52). What was in APCo's response?

The APCo Response to EQ Action ltems 018 and 067 (APCo Exh. 52) states with
regard to IPS-107 that

The test operations (Sect. 6.0) describes the phases of the tusi
sequence during which insulation resistance (IR) measurements
were made. Readings of IR were taken durinz the Phase [ ar.¢ [I
LOCA environment testing. Sect. 6.6 deicribes the LOCA
environment test operation. Peak chamber pressure during Fhase
I testing reached 57.5 PSIG (290°F) at 120 seconds, and Phase |
peak chamber temperature reached 300°F (56 PSIG) at 10 minutes
from introduction of steam (Time 0). At 60 seconds from. Time 0,
chamber chemical sprays were initiated. Phase I LOCA testing
began at 30 minutes, 45 PSIG (294°F), and at 30 minutes,
3§ seconds, the pressure was reduced to 0 and temperature was
ramped dnwn 10 144°F and was maintained between 140°F and
150°F for 240 hours. During this time, chemical sprays were
continuously introduced into the chamber. IR measurements were
takeri on each test item during the Phase I and IT LOCA tests (Sect,
6.6.12), IR Test Nos. 6 thru 16 of Appendix B (IPS-107).

Appendix E of IPS-107 provides a compilation of the IR Tes: Data.
Graph Neo. | of Appendix E provides a plot of the minimum IR
data points for the #16 AWG tet conductor and termiral blocks
which were recorded during the DBA and Post DBA testing for
aged and unaged specimens. From this graph, it can be seen that
the minimum IR point recorded for a #16 AWG conductor and
block was 3E7 ohms for aged specimens, and 1.5E8 ohms for the

unaged specimens.

The conclusion of that document states:
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As the FNP terminal blocks used in E.Q. instrumentaton and
contrel circuits located inside containment have superior significant
characteristics to the Connectron NSS3 block tested in [PS-107,
and as the FNP E.Q. enclosure configurations do not subject the
FNP terminal blocks to submergence and provide equal or superior
protection to that provided to the NSS3 block in the testad
configuration, the use of minimum IR #16 AWG NSS3 values from
IPE-107 test report for calculation of DBE leakage currents on
insirumentation terminations inside containment is acceptable.
Although the above coes not explicitly state it, the impression I get when reading
the above is that the insulation resistance was greater than 10’ 0 at all

temperztures up to J00°F. This, of course was not actually the case.

What are the regulations that govern whether the blocks had to be qualified for
peak-LOCA conditions?
10 C.F.R. § 50.49 is the requirement for qualification and is what must be
followed. Section (k) does not require requalification for equipment that was
previously qualified to NUREG-0588 (Staff Exh. 23) ot to the DOR Guidelines
(APCo Exh. 8). The DOR Guidelines applied to the terminal blocks in Farley
Unit 1 and the requirements of NUREG-0588, Category Il applied to the terminal
blocks in Farley Unit 2.
Section 5.2.5 of the DOR Guidelines states that:

Failure criteria should include instrument accuracy

requirements based i the maximum error assumed in the

plant safety analyses. If a component fails at any time

during ihe test, even in a so called *fail-safe® mode, the
test should be considered inconclusive with regard to
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demonstrating the ability of the component to function for
the entire period prior to the failure.

Section 5.2(1) of the DOR Guidelines states that:

The environment in the test chamber should be established
and maintained 50 that it envelops the service condiuons
defined in accordance with Section 4.0 above. The time
duration of the test should be at least as long as the period
from the initiation of the accident until the lemperature and
pressure service conditions return to essentially the same
levels that existed before the postulated accident,

Section 2.2(7) of NUREG-0588, Category Il requirements states that:

Performance characteristics of equipment should be
verified, before, after, and periodically during testng
throughout its range of required operabi'ity.

Section 2.2(9) of NUREG-0588, Category 1l requirements states that:

The operability status of equipment should be monitored
continuously during testing.  For long-term testing,
however, monitoring at discrete intervals should be justified
if used.

Section 3(4) of NUREG-0588, Category Il requirements states that:

Some equipment may be required by the design to Qnly
perform its safety function within a srort ime period into
the event (i.e., within seconds or minutes}, and, once its
function is complete, subsequent failures are shown not to
be detrimental to plant safety. ... Equipment in these
categories is required to remain functional in the accident
environment for a period of at least one hour in excess of
the time assumed in the accident analysis.

It is evident that, based on the above sections of the relevant guidelines,
that the Commission expected equipment to be qualified for the entire accident,

with only NUREG-0588 providing an excepticn. The exception still requires 2
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minimum 1-hour qualification, and therefore does not support APCo's arguments
The intent of the regulations is made somewhat more clear in Section (i) of
10 C.F.R. § 50.49, which discusses the JCO process. Five factors were outlined
that should be considered, as aporop-iate, to demonstrate that “the plant can be
safely operated pending completion of equipment qualification required by this
section.® Factor 4 is "Completion of the safety function prior to exposure tc Lie
accident environment resulting from a design basis event and ensuring that the
subsequent failure of the equipment does not degrade any tafety function or
misiead the operator.® Thus, an analysis, such as tie one APCo is relying on for
the qualification of terminal blocks, was only to be permitad for a JCO, not for
Quaification of the equipment.

At this point, I should discuss what Mr. Love states in his tesumony in
response to Q120 (L/S/] pp. 130-32):

It must also be recognized that the instrument loops at issue here

were covered by Reg. Guide 1.97. (APCo Exh. 32). Reg. Guide

1.97 recognized explicitly, prior o the dzadline for EQ, that the

function of instrument circuits was time-dependent. Reg. Guide

1.97, Revision 2, stated at page 2 (emphasis added), that *[i]t is

essential that the required instrument be capable of surviving the

accident environment in which it is Jocated for the length of tme

ite finction i red.*

I think he is making a sericus misinterpretation of R<,. Guide 1.97. The
Reg. Guide does not state that equipment must be capable of functioning gnly
when the instrument is believed to be required to function. It also does not state

that the function of instrument circuits is time dependent. A correct restatement
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of the words in Reg. Guide 1,97 is that equipment must continue to function
properly until it is no longer needed. This would include functioning through the

peak LOCA conditions for the terminal blocks that are required after that time.

Why should APCo have clearly known that the blocks had 10 be qualified to peak-
LOCA temperatures?
In additich @ the regulatory basis provided in Q&A 7,from a pure technical
standpoint, the blocks have to be qualified to peak-LOCA conditions unless the
utility <~ orovide clear and convincing evidence to the contrary. 1 have
revidu..y outlined what such analyses would have needed to consider. The
relevant information is also included in Q&A 26 below. As | stated in response
to QS above, prior to the APCo Direct Testimony being submitiad, APCo had not
ever provided any documentation, other than the JCO and the SCEW sheets,
indicating that the blocks did not have to function at peak-LOCA conditions. The
SCEW sheets claimed the blocks were qualified o 307°F (States) or 330°F
(General Electric), while the JCO claimed that the blocks did not have to function
above 296°F.
Clearly, the regulations and IN 8447 should have been well known to
APCo and they form the basis for why APCo “ciearly should have known.*
Further, Sandia report NUREG/CR-3691 (Staff Exh. 74), which both APCo and
Bechtel agree was reviewed by Bechtel (Tr. 1130, 11.12-25), provide a very strong
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basis 23 to why APCo “clearly should have known.* This repcnt’s Conclusion
clearly indicated that *Mos: industry qualification tests do not monitor for low
level leakage currents during LOCA simulation tests of terminal blocks. Without
quantitative knowledge of these leakage currents, adequate analyses of their effects
on instrumentaticn and contro! circuits cannot be performed.” (Swaff Exh. 74,
page 117, Conclusion 3) However, in answering the question involving the
Sandia reports, *did those documents, in any way, alter your view technically, of
what needed 10 be done to address the instrument accuracy issues?” Mr, Love

testifies “*No.* (Tr. 1130, 1.22). This follows his recogaition that the da'a APCo

accident testing (L/S/) Q&A 94; pp. 104-05), not during the accident testing. |
am not cerain what Bechtel considers 10 be an adequate review of a document,
but 1 would think that at the very least, the conciusions of the document would

have 10 be read.

Liiven th plocks have 1o be qualified to peak-LOCA conditions for the Farley
applications, why is it that APCo *clearly should have known® that they were not
qualified as of November 30, 19857

Inforr ation Notice 84-47 was the initial notification that insulation resistance data
during the accident test was necessary. The subsequent issuance of the Sandia
reports, which Bechtel has testified to having reviewed (Tr. 1130, L. 12-25),
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further clearly outlined the concerns with operation at elevated temperature LOCA
conditions. Conclusion 3 of NUREG/CR-3691 (Saff Exh, 74) was discussed in
response to Q8 above. Conclusion 6 provided further information that *Terminal
block leakage currents in a steam environment may degrade performance of
instrumentation and cortrol circuits to an extent sufficient to cause erronsous
irdications ..«d/or actions.® Figure 8-3 on page 85 of the same report (same as
Figure 40 1, NUREW/CR-3413) demonstrated vividly the effects of terminal block
leakage currents on an actual pressure transmitter circuit. For these figures, only
one terminal block was used in the circuit Many Farley circuits contained two
tv:minal blocks inside containment, effectively doubling tne leakage currents that
would be expected. The data from these figures is based on a General Electric
EB-2§ terminal block in the transmitter circuit and is intended as an illustration
of the real effects of terminal blocks on such circuits. It clearly does not
represent the Farley transmitter circuils exactly.

Mr. DiBenedetto states in testimony in response to Q145 (Dimenedetto
p. 113-14) that "As | stated previously, if the APCo terminal blocks were 10 be
used during the peak conditions of the accident, the Staff"s assessment would be
correct and justified.® Thus, he agrees that if the blocks had to be qualified o
peak-LOCA conditions, then the blocks were not qualified as of November 30,

1985 and the Staff"s position woul be correct.
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Although Information Notice 84-47 was the major alert (o licensees o1 the
issue of degraded insulation resistance, the NRC also issued Information Nouce
85-39, Auditadility of Electrical Equipment Qualification Records at Licensees’
Facilities, on May 22, 1985, (Staff Exh. 77). This information notice states, in
part, on page 3:

An EQ test report, in and of itseif, does not completely support a

determination that equipment is qualified. In order to ensure that

plant-specific requirements are adequately considered, the

following types of additional information may be needed: . . . (4)

effects of decreases in insulation resistance cn equipment

performance; . . . (6) applicability of EQ problems reported in [F
information noticez and dulletinsg and their resolution.

APCo has cluimed that the number of systems and components affect 4 was
minimal, implying that any violation was not safety significant. How Jo you
respond to their asserton? (LJ/S/] Q&A 121 pp. 132-34).

Of the 13 Type A, Category | variables that were identified in Tahle of the
Farley Reguiatory Guide 1.97 submittal (Staff Exh, 75), multiple chanre!s of §

variables wouid be affected. As stated in the APCo response to EQ Acti v [tems

*018 and 067 (APCo Exh. 52), both units relied on terminal blocks in tran: niner

circuits for 2 channeis of wide range reactor coolant system (RCS) pressure for
3 channels of pressurizer pressure, for 3 channels of pressurizer level, for 3
channels of narrow range level in each of 3 steam generators, for 1 channel »f

wide range level in each of 3 steam generators (only in Unit 2), for 2 chaanel:
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of containment post-accident sump level, and for Z channels of flow in each of
3 steam generators. Of these, RCS pre sure, wide range sieam generator level,
narTOw range steam gererator level, pre_.urizer level, and containtent sump level
are the Type A, Category | variables. Type A variables are "those variables 1o
be monitored that provide the primary information required o permit the control
room operators 10 take the spac.fied manually contolled actions tor which no
autumatic control is provided and that are required for safety systems to
accomplish their safety function for design basis accident evens.® According to
RG 1.97, "Category | provides the mos' stringent [qualification] reguirements and

is intended for key variables.*

What effects will the terminal blocks have on instrumentation circuis?

Referring to Figure 8-1 in NUREG/CR-3691 (Stwaff Exh. 74), which is a
simplified schematic of a pressure transmiiter circuit, the terminal blocks provide
a leakage path Ry, between the supply conductor to the transinitter and the retum
conductor from the tranimitter, Because of the voltage difference between the
two conductors, leakage currents I, flow between them. The magnitude of the
leakage currents varies with changes in the external environment, but the effact
is #' vays that the power supply has to supply more current I, through the
Mmoo .g resistor (110 V isolation amplifier) than if no leakage currents were

present (Iry =0). Thus, the measuring resistor reads not only the current supplied
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from the e«d device (1;), but also the current that is leaking between the terminals
of the terminal block (1ry). Because the leakage current (1gy) is always in the
same direction, the readout device will always read a higher value of current (1)
than that coming from the end device (Iy), resulting in the pressure (or level or

flow) appearing higher than it actually is.

EVOLVING REQUIREMLUNTS

Let us move o other areas of the APCo testimony, They testify extensively
regarding “evolving requirements® for loop accuracy calculations. Let us begin
with the Sandia seminar, How do you respond to the'r testimony regarding the
seminar?

In his Direct Testimony 1.8/ Q&A 100 pp. 109-10), Mr. Love indicates that,
based on my deposition, he presumes that with regard (0 the instrument accuracy
issue that the Sandia EQ seminar *contributad to the latest interpretation of this
issue, and that the post-deadline EQ NRC inspections findings and violations were
the method of communicating the latest thinking.® (1L/8/1 p. 110). I think it is
appropuia'e for me to restate the purpose and content of the seminar held at
Sandia in 1987. The serr '1ar had two primary purposes. The first was to provide
1 uning of new inspectors that had recently beey assigned to EQ, particularly at
th* WRC Regional offices. The sccond was to make all inspectors aware of those

areas where significant problems had been found during the first year or so of
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first round inspections. This was simply to help inspectors make the best use of
their ime when performing inspections, rather than trying to stant from the
beginning at every inspection. The purpose of the seminar was not to define new
interpretations of requirements, nor to require enhanced documentation from
licensees at future inspections.

The information that was presented regarding the accuracy contnbution of
terminal blocks on instrument ¢ircuits was based virtually 100% on the Sandia
terminal block test results in NUREG/CR 3418 (Swaff Exh. 73) and
NUREG/CR-3691 (Swaff Exh. 74) and other industry tests that occurred prior
November 30, 1985. A copy of the material discussed at the seminar was
provided 1o APCo during discovery (Swafi Exh, 59). Based on the above, their
assumptions as 10 what went on at the seminar regarding instrument accuracy are

not correct,

In Q&A 34 of their Direct Testimony (L/S/J p. 43), Mr. Love and Mr. Sundergill
testify as follows:

Q34. Were there any other aspects of EQ that were *evolving*
subsequent to the EQ deadline and prior to the 1987 Farley

inspections?

AM. (Love, Sundergill) Yes. One example is terminal blocks,
which we will discuss further below. This was a topic
where Sandia National Laboratories (Sandia) had conducted
some tests and was developing data. Sandia became
involved in the inspection process after the deadline and it
was only natural that they brought to the inspection the
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Finally, as supponed by a number of APCo witnesses, numerous licensees had
responcad to the information Notices 82-03 and 84-47, prior (0 November 30,
1985, by removing terminal blocks from these circuits and the NRC integrated
their concern into 10 C.F.R. § 50.49 audits.

Specifically, with respect to pre-deadline inspections, the inspection repon
dated January 29, 1985 documenting an October 15-19, 1984 inspection at Calven
Cliffs (Swaff Exh. 63), on page 12, states *The inspectors also reviewed an
internal BGAE letter dated October 3, 1984, that states an FCR is being prepared
to replace terminal blocks in instrumentation circuits by qualified splices.®

As part of a joint affidavit on behalf of the Nuclear Utility Group on
Environmental Qualification (NUGEQ) submitted to the NRC as an enclosure to
an Cetover 3, 1988 letter from the NUGEQ, Messrs. Noonan and DiBenedetto,
APCo witnesses, and Mr. LaGrange, APCo affiant, commented on this subject.
With respect to Information Notice B4-47, they state on page 15 of the affidavit
(which also was submitted as part of Ai Co's response to the Notice of Violation
(Staff Exh, 15)) *...virtually all licensees simply replaced instrumentation terminal

blocks...* and more importantly, *The intent of the Notice was to call attention

to this problem such that utilities would replace terminal blocks in instrumentation
gircuits with gualified splices. This specific problem was discussed during
meetings held with each licensee byt the broader issue of total instrument loop
ASCuUracy was not. ... The NRC integrated this concern for instrumentation circuit
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capability of their installed terminal blocks. These documents indicated that the
terminal blocks likely formed a “weak link® in the instrument loop. All utilities
that 1 know of, with the exception of APCo, took appropriate action to respond

to IN 8447,

In his Direct Testimony (L/S/] Q&A 89, p. 100), Mr, Love testifies that total
loop effects, which include tc-minal block IR data, were not yet being considered
when finalizing the qualification of terminal blocks. What did Information Notice
B4-47 suggest with regard to total loop effects?

IN B4-47 specifically suggested that licensees *review terminal block qualification
documents to ensure that the functional requiremants and associated loop
accuracy of circuits utilizing terminal blocks will not degrade to an unazceptable
level due 1o the flow of leakage currents that might occur during design basis

events® (emphasis added). Note that the suggested activities were very specific,

In Q&A 102 (L/S/ pp. 110-12), Mr. Love testifies that

In essence, consistent with the latest thinking, we needed to find IR
data for terminal blocks in low voltage instrument circuits, taken
during LOCA testing, to include in the loop accuracy calculations,
The Wyle data used in 1984 was not taks Juring LOCA testing.
To do this, based on the 1926-1987 interpretation of this issue, we
consulted the corrective actions contained in IN 8447,

How do you respond to this testimony?
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It seems nidiculous to me that on'y in 1986-1987 would a utility finally consider
performing the corrective actions that had been clearly identified in an information
notice issued 2-3 years earlier. It would seem that it took them 23 years 0
finally figure out that the corrective actions listed in IN 8447 applied to them.
Even when they did finally recognize the need for the insulation resistance data
during LOCA testing, they took the data from a report un terminal blocks in

which insulation resistance was measured only at temperatures below 150°F,

At the end cf his response to Q112 (L/S/] p. 124), Mr. Love testifies that

The violation at issue here appears to be based only on a failure to

reach agreement in the instrument loop accuracy paperwork as 1o

which value of IR should have appeared in the Westinghouse

calculations in 1987. The selection of the IR <2 point for the

1987 loop accuracy caiculations was entirely a 1987 issue and

should not be the subject of enforcement for pre-deadline

compliance.
Do you agree?
IN 84-47 was issued more than a year before the deadline and specifically stated
that licensees should "review terminal block qualification documents to ensure that
the functional requirements and associated loop accuracy of circuits utilizing
terminal blocks will not degrade 1o an unacceptable level due to the flow of
leakage currents that might occur during design basis events.® What this said o
licensees is that terminal Llocks can be a large contributor to loop inaccuracy and

that terminal blocks should be considered in that !ight as a part of the ongoing
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accuracy calculations by other vtilities. At that point, most vulites began
considering the effects of cables, electrical penetrations, and splices also. In the
evolution of loop accuracy calculations after the EQ dead ne, items such as
process measurement accuracy, sensor calibration accuracy, sensor temperature
effects, sensor pressure effects, sensor drift, rack calibration accuracy, rack
comparator setting accuracy, rack temperature effects, and rack driri began to be
considered in the loop calculations (Staff Exh. 76). APCo has not been cited for
failure to consider these type of effects. They have only been cited for failing to
consider the effects of terminal blocks, the issue identified in IN 8447,

In addition to Mr, Jones' testimony, Mr. DiBenedetio's tesumony at
Q&A 118 (DiBenedewn p. 98) states that with regard to moisture films and
IN 84-47 that *This notice, which came out in June 1984, was the first genenc
notice of the issue.” He then goes on in Q&A 119 to respond to the question
*Was this the first time instrument accuracy, or at least the contribution of
terminal blocks to instrument accuracy, was ever considered to be a significant
problem?® with *Generally, that is correct.® Thus, he confirms that Mr. Love's
testimony at Tr. 1139 and Mr. Jones' agreement with that testimony are indeed

incorrect.

In response to Q147 (DiBenedetto pp. 115-17), Mr. DiBenedetto testifies that “the

Staff withdrew a violation associated with instsument loop accuracy in apparent
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other terminal at a different elevation, while the GE and States blocks both have
terminals that are all at the same height. The *compact siep-type configuration”

is a feature that is clearly delineated in the Connectron literature. Further,
W e

Jifferences in how moisture collects on different terminal blocks :vku not
addressed. Presumably, "engineering judgement® was used to discount these
factors. 1 do agree that every element of engineering judgement need not be
documented in great detail, but I do firmly believe that they should be able to
provide a sound engineering basis that demonstrates that their engineering

judgement was reasonable.

In QXA i04 (L/S/] pp.114-15), Mr. Love testifies that

We had considered the differences identified by the Staff and
concluded that they were not germane.

First, let me address the alleged material differences.... The Sandia
report indicated that insulation resistance of the terminal block
material was not the important factor. Based on this conclusion it
is clear to me that a matenals similanity analysis between the
NSS3, NT/ZWM and CR1S5] terminal blocks is immaterial to the
issue.
How do you respond to his testimony?
I have no idea how he came to the conclusion that there were *alleged material
differences.” He refers to my Direct Testimony on page 4, in which I can find
no mention of the word *material.® Similarl,, in my deposition, pages 112-116,

similarity was discussed, with no mention of material differences. Mr. Love then
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Mr. Love then goes on

Finally, the allegation of differences in construction is groundiess.

In my view, this issue as raised by the Staff inspectors in effect

challenges the efficacy of qualification by analysis. It seemed

during the inspection, as it does now, that the staff would only be

satisfied by prototype LOCA testing for this IR parameter. (L/S/]

p. 115).

How do you respond to this pant of his testimony?

In fact, APCo had such test results in their procurement file at the time of the
inspection. Which would one prefer to believe, data on the actual terminal blocks
at appropriate LOCA conditions, or data taken on significantly different terminal
blocks at conditions much less severe than would actually exist during a design
basis accident? 1 do not believe that it takes 100 much “engineering judgement®
to answer that question.

As an example of the differences in construction, the GE and Connectron
blocks are r.olded as a single piece of insulating material, barriers and all. In
contrast, the terminal bases and barrier materials are formed separately for the
States blocks and then these are attached with screws 0 a base metal plate. This
results in what NUREG/CR-3418 (Staff Exh. 73) and NUREG/CR-3691 (Swaff
Exh. 74) term a sectional terminal block, as defined on page 12 of
NUREG/CR-3691. Differences such as these were not addressed in the similanty

analyses.
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24, Under cross examination you were asked about the conditions under which a

similarity analysis might be possible. (Tr. 737). Could you explain the
distinction between your answer *.[ the terminal blocks are exposed to fairly mild
conditions, from a technical standpoint, there's very litle that you have to do 0
show similarity,® (Tr, 373, 1.22), and your statement *If the blocks are exposed
to fairly severe conditions, you have to do much more.* (Tr. 738, 1.2)?
The distinction is drawn in that under more severe conditions, the terminal blocks
are near their performance limits. Thus, even subtle differences between blocks
can make a difference as to whether the circuits will maintain acceptadle
accuracy. We must recall tha! in going from an IR of 10’ 01 to an IR of 10° 0,
Westinghouse has indicated that the error goes from roughly S% to SO%. Thus,
fairly small changes in terminal block IR in this range have much more significant
effects on the loop accuracy than do changes in IR from say 10" 0 to 10° 0. This
latter change would have essentially no effect on the overall accuracy of the
circuit, because other factors would be dominant. Thus, when the terminal blocks
(or any other equipment items) are near their performance limits, the judgement
to use similarity arguments must be made much more carefully than when he
equipment is well within its performance limits. The similarity analysis must also
be much more rigorous.

This also explains why I agree that if the terminal blocks only had to

function at 150°F, then the similarity analysis, while not adequate for similarity
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at higher temperatures, would hive been considered adequate at the lower
temperatures. This is not meant to imply that the blocks would behave exactly
the same, but rather ihat the differences between the IRs at this temperature would

not have any significant effect on the circuits they were a pant of.

How important is the similarity analysis in terms of the violation?

The similarity analysis is not important to the viclation. Even if the similarity
analysis were completely acceptable, the fact that the Connectron blocks only had
insulation resistance data up 1o 150°F renders the test useless from the point of

view of qualifying the APCo terminal blocks for temperatures near 300°F,

REQUIRED QUALIFICATION TEMPERATURE/
ARGUMENTS THAT BLOCKS WERE QUALIFIED/JCO

In reviewing the APCo Direct Testimony, what conclusion do you come 1o about
when APCo claims the terminal blocks have to be qualified?

APCo's Direct Testimony still does not give the temperature that they contend the
blocks have to be qualified to for instrument accuracy considerations. It does
appear 10 claim, in Mr. Love's response to Q!10 (L/S/J pp. 120-21), that some
of the terminal blocks are not needed until the *temperature is below 200°F for
worst case LOCA® and that *post accident monitoring instrumentation will not be
relied upon for operator action at the 313°F containment temperature peak; it is
relied upon during the post-peak periods when the temper:ture is significantly
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Focusing on items b, and d. of your previous response, is there any APCo
documentation that you can cite that supports that warmnings in the ECPs (or as
they are generically referred to by Westinghouse, Emergency Response
Procedures (ERPs)) would have been necessary and that there wis potental for
incorrect operator action?

Attachment 2 to the JCO (APCo Exh. 59) is a letter from Westinghouse o APCo.
This letter states in part that:

For RCS Subcnoling, Steam Generator Narrow Range Level and Wide
Range Pressure, it is recommended Lswat for Farley Unit 1 that a
containment temperature criterion he defined that is indicative of current
leakage resistance of less than Sx10° 0. A value of greater than 5x10° 0
results in an instrument inaccuracy that will allow the current ERP values
10 be used by the operator to take action as specified in the ERPs. The
temperature or a corresponding containment pressure criterion
should be used as guidance to the operator using the ERPs on when
to consider that additional error above that already accounted for in
the ERPs may exist. Under conditions exceeding these criteria, no
action which could reduce the margin of safety, specifically termination
of safety injection based on RCS Subcooling or stopping of all auxiliary
‘sedwater based on Steam Generator Narrow Range Level or stopping of
RHR pumps based on Wide Rang# Pressure, should be performed since
the errors may exceed those accounted for in ‘he ERPs... (emphasis
added)

APCo has not provided any evidence that from November 30, 1985 until the
time of the inspection that such wamings were a part of the ERPs. In fact, it is
apparent that they were not. Further, it should be again noted that such an
argument, consistent with 10 C.F.R. § 50.49(i)4, is a JCO argument, not a

qualification argument,
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Q28. With regard (> the figure presented in the JCO and discussed in the meeung 1

Atanta (APCo Exh. §9), Mr, Love was questivned by the board regarding this
plot. 1Is there any reason to believe that a graph of insulation resistance versus
temperature is linear on a semi-log plot? (Tr. 1144-26).

I have not seen any data that would suggest that it it over the range of
temperatu= fiom 203-347°F. The experimenial data that 1 have examined
suggests that it can be quite non-linear. For example, exiensive data is presented
of IR versus temperature in NUREG/CR-3418 (Suaff Exk. 73 (which is also
SANDE3-1617), from pages B8.93. This data is res.unably consistent in
indicating that IRs above a temperature of about 170°C (248°F) were not highly
dependent on temperature,

In addition to the data from the Sandia tests, the General Electric test repon
dated November 6, 1971, that was in the Farley files, indicates that the IR of the
blocks at temperatures from 260-340°F would be in the range of 2x10* 1, with
very little depencernice on temperature over this range. The ambient temperature
IRs in the GE test were on the order of 10° 0, clearly indicating that the plot must
become quite non-linear at some lower temperatures.

I believe that the two test reports cited above demonstrate that IR cannot be
assumed to be linear, and |1 do not believe Bechtel had any valid basis for
assuming that it was. It should also be noted that the data on the figure they

presented was not for either of the two types of blocks that were used in the
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rather than only one, resulting in overly conservative data if the daw is
uncorrecied However, Conclusion 6 in the repont (Swaff Exh. 73) on page 126
states in part that *The comparison between the serpentine circuit connection and
the once-through connection is consistent with expected resuits based on parallel
conducting path argurnents...* Thus, the data from the Phase | testing can be
reasonably multiplied by $ to account for the parallel conducting paths, resulting
in realistic average values of IR for the GE CRISIB and the Staes ZWM
terminal blocks,

It is interesting to note that in the JCO (APCo Exh. 59), APCo states on
page 3 that "Figure 1 represents a correlation between temperature and IR
conservatively assuming a logarithmic relationship between temperature and IR.*
Clearly, they have no basis whatsoever to claim that assuming the relation to be
loganthmic is in any sense conservative,

In response to a que.''on 1num Judge Carpenter, Mr. Love states that *there
may be some curvilinear aspect of it, however, I do not believe the profile would
be anywhere near as radical as that which is predicted by using the numbers
across all of the DBA profiles that were consecutively applied to these terminal
blocks.” (Tr. 1219-20). This is quite in contrast 1o their statement in the JCO
(APCu Exh, 59) that Figure | represents a correlation between temperature and
IR conservatively assuriing a logarithmic relationship between tempersture

and IR." (emphasis added).



Q29.

.38 -

Mt. Jones (ihe transcript that I currently have inconectly attnbutes it to Judge
Carpenter) states that "1 would just like to add that at the ume Sandia put ths
report together, I would think if they thought it was important and it wasn't
linear, they would have vecordod more than two datapoints.® (Tr. 1221-22). His
statement is ridiculous. Sandia literally measured thousands of dapoints in these
tests, Data at multiple temperatures was measured during the test profile, which
essentially followed IEEE Std. 323-1974--APCo simply chose to ignore this data
at multiple temperatures, claiming it was too conservative for their use. It was
not Sandia's requirement at the time the tests were performed to provide
qualification data for APCo or any other utility. However, if APCo, or any o er
utility, chose 10 use the data, it was their responsibility to take all of the available

data into acsount.

Mr. Love, in his clanification tesumony, claims that they did not consider the
detailed IR data as a function of temperature because

...there is obviously something thit's happened o the recovery capability
of the terminal block by the ume it's gotten to the Phase IIl DBA. The
significan~e of this is, that is essentially subjecting this same terminal
block to three very severe design basis accidents ard then using insulation
resistance data across that complele timeframe and saying that is
representative of the cooldown period of the terminal block, which 1
believe not to be valid. (Tr. 1222).

How do y»u respond to this?
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The tact of the matter is that they had no basiy whatever to conclude that the plot
should have been linez*. The data in the test report that the data was extracted
from and the data in the General Electric repont that was in the Farley files both
indicate that the plot is not linear over the range that they . umed it 10~ linear,
They have provided neither a technical basis ror any data o support their
assumption that it was linear, much less any justification that such an assumption

was conservative,

In response to Q113 (L/S/] pp. 124-2F), Mr. Love claims that with regard 10 your
statement that *if the utility could clearly demonstrate that the equipment was not
required to function during peak LOCA conditions and any inaccurate readings
during peak LOCA conditions would not mislead the operators nor cause any
undesired automatic operations,” that *We showed exactly this to Mr. Jacobus
during the November 1987 inspection and at the subsequent November meeting
at Region IL*  Also, in response to Ql46 (DiBenedetto pp. 114-'15).
Mr. DiBenedetto claims that *APCo has maintained from the inception of its EQ
program ... that the terminal blocks installed at Farley would be required at the
onset of the accident and not apain until post-accident long-terin cooling.*
Mr. DiBenedetto also claims to have discussed this point with you (DiBenedetto
Q&A 128; p. 106). Did they show you any such evidence either during the

inspection or at the subsequent meeting?
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In his response to Q139 (DiBensdetio p. 111), Mr. DiBenedetto states that "APCo
used the same conservative peak LOCA insulation resistance data for these
blocks...* Is his statement correct?

Here he makes a strong implication that there was data at peak LOCA conditons,
which is absolutely wrong, as he acknowledged in response to Q133 (DiBenedetto
p. 108).

Also, in response to Q147 (DiBenedetio pp. 115:17), Mr. DiBenederto
testifies that “prior to the inspection APCo had a reasonable basis to conclude that
instrument accuracy data for these terminal blocks at peak LOCA conditions was
not necessary. And if such data was deemead neces.ary, it had provided
consen ative estimates based on similarity to tested terminal blocks.* His
statement that “if such data was deemed necessary, it had provided conservative
estimates based on similarity to tested terminal blocks® almost directly states that
the Conax test data was taken at peak LOCA conditions, rather than only at
temperatures up to 150°F. It should be extremely clear by now that what he is

referring to is not peak LOCA insulation resistance data.

Ir response to Q103 (L/S/J pp. 112-14), Mr, Love testifies that

Graph No. | from CONAX test report IPS-107 provided a plot of the
minimum IR data points for the 16 A'VG test conductor and terminal
bleks which were recorded during the DBA and post-DBA testing,
(APCo Exh. 53). From this graph (test numbers 9 through 16), it can be
seen that the lowest value of the IR data points recorded were 2E7 to 3E7
ohms. During *his portion of the DBA tasting, the chamber pressure and
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on page 47 of NUR™ G/CR-3418, SAND83-1617 (Staff Exh. 73} It should also
be noted that by § minutes into the event, the LOCA condituons have already
passed the peak temperature. But APCo claims the terminal blocks are not
needed at peak LOCA conditions, rontrary to the Westinghouse analysis, which

effectively states that they are. |

During cross-examination, (Tr. 726-27), you were questioned as to whether you
had performed correlations between the terminal blocks at issue and particular
circuits and when hese circuits had to function. You stated that you had not.
Why had you not done this prior to the enforcement action?

APCo had never provided any analysis to us that indicated that they claimed the
blocks did not have to be qualified to at least 296°F (the value APCo claimed at
the November 1987 Atlarta meeting) for instrument accuracy effects. Thus, when
we dewermined that the blocks were not qualified to even that temperature
(whether we agreed that they only had to be qualified to that temperature or not).
we do not have any reason to perform additional analysis to attempt to come up
with a qualification argument on behalf of APCo by considering individua! circuits
and the effect of instrument inaccuracy on thoss circuits. That is simply not our
job. In addiuon, the regulations and applicable standards do not provide

allowance for such qualification arguments,
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Responses to Q&A §, 7, 10, 26, 27 and 3S above provide more information
on the circuits affected, vhen they need to function, and why the APCo analyses

were not acceptable.

In recponse to Q34 (DiBenedetio pp. 34-35), Mr. DiBenedetto testifies that with
regard to his report or summary (APCo Exh. 64) that "The lowest recorded
insulation resistance was on the order of 1ES ohms. This is a value Westinghouse
supported during the audit and during the enforcement conference.” How do you
respond to this?
It is interesting that he claims that this value was supportad by Westinghouse at
the audit in light of Mr. Love's testimony during examination by the board, where
he testifies with regard to Figure 1 of the JCO (APCo Exh. 59), that "When we
prepared this basic graph, we wers not aware that the result of L.e Westinghouse
calculation was going to be S times 10 to the Sth ohms, in which case they came
backwards to the graph and came up with 296, and they did not have the test
report.® He further 1astifies *That is correct® in response to Judge Carpenter's
question *To be sure that I understand, you're saying that ycur group prepared
this graph in the ahsence of any notion about what values of resistance might
be critical with respect to loop accuracy?® (emphasis added). (Tr. 1149-50).
The 5ES value used by Mr. Love is the value Westinghouse actually

supporied. The 1ES value comes from a Westinghouse letter, which is
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. A No. | believe that I coversd that point in some detail in my response to QS.
However, 1 should further note that APCo is noi even claiming that the blocks
perform their function prior to seeing the adverse environments. Most, if not all,

of the terminal blocks are needed for post accident monitoring also.

MISCELLANEOUS
Q40. In Mr. Love's testimony to Q113 (L/S/] pp. 124-25), he testifies that
...the Staff is basing their findings on the Sandia terminal block IR and
leakage current daa observed only during the peak of the LOCA
temperature profile, which was 341°F to 347°F. However, in deing so0
they ignored all other seemingly relevant observations, such as the
dependence of the IR on temperature and the recovery of the IR values
during the post-LOCA perinds of cooldown as well as the functional
requirements of the instrument loops....
. Do you agree with his statements?
A. Absolutaly not. The NRC Staff is not basing its findings at all on the IR data
observed during the peak LOCA conditions of the Sandia terminal block tests.
In fact, as noted previously, the Farley plant files had documentation that the IR
of the blocks at temperatures from 260-340°F wnuld be in the range of 2x10* Q.
The Staff is actually basing its findings on the information in IN 8447, the
information contained in the GE test report and summarized in the GE Penetration
report, the lack of demonstrated similarity to the Connectron terminal blocks, and
the fact that no IR data was even available for the Connectron blocks at

temperatures above 150°F. When APCo appeared to claim at the Atlanta meeting
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do not know if the terminal block testing was part of the penetra
assembly qualification testing program, but the detailed results of the terminal
ration test report that they have cited
as qualifying the terminal blocks (APCo Exh. 58). Therefore, not enough

tion is presented to conclude that the blocks are qualified. However, it
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is a fact that the results (in terms of minimum recorded insulation resistance) of
the terminal block tests were reported in the penetration test report. It is also a
fact that the penetration test report quotes minimum insulation resistance values
for the terminal blocks of 2x10* ohms at 500 Vde. This vaiue is well below the
required APCo acceptance criterion of Sx10* ohms.

Other than the above stated results, the only other information regarding the
terminal block tests that was included in the penetration report (APCo Exh. 38)
was a statement of the type of blocks that were tested and an indication that the
environmental profile was the same as that used in the penetration test. Thus, the
terminal blocks were not qualified by the penetration file. In fact, the singie item
of test data that was included in the penetration report relating to the terminal
block performance was not used in any way by APCo.

Regarding their testimony that “the staff complains about this, yet
acknowledges that the report existed...,* (L/S/] p. 127) we never disagreed that
it is perfectly allowable to include terminal block qualification information in the
penetration file. The fact of the matter is that the information in the penetration
file did not demonstrate qualification of the terminal blocks. Further, the only
data point it contained demonstrated that the blocks were not qualified. The
terminal block report that I found in the procurement file did provide more detail
of the terminal block test, but the conclusion that the blocks were not qualified

remained unchanged. In fact, had the terminal block report that 1 found
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demonstrated the adequacy of the terminal blocks for the application, I would
have agreed that the problem was merely a docvmentation and auditability issue
and treated it as such.

T do not understand the basis for Mr. DiBenedetio’s statement that "at the
time of the audit I was personally aware of the existence of the test repont
qualifying GE CR|51B terminal blocks from my general EQ experience. (APCo
Exh. 58)." (DiBenedetto p. 112). As described above, there is only one
performance data point in the GE penetration test report that relates to terminal
blocks, and this single data point was not even used by APCo in their evaluation.
Further, if APCo had used this point, they would have only been able to come 1o

the conclusion that the blocks were not qualified for their application.

During cross examination, Mr. Love responds to the question *Is it not correct,
also, that test that was referred to for the G.E. blocks had a minimum insulaton
resistance of 2 times 10 to the fourth ohms?® with *No. That is not correct.”
(Tr. 1123). Is his response accurate?

Referring to the test report directly (APCo Exh, 58), it clearly states on page 11
of 14 with regard to the terminal block tests that "Autoclave qualification tests
simulating LOCA defined in para. 4.4 events | thru 4 were conducted on General

Electric CR151 and States Co. type N.T. and recorded a minimum insulation
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very different statements. In one case, he is essentially accusing Sandia of
publishing invalid data. In the altemative, he is merely stating that the valid data
that is published is not apnlicable. In stating that one should not rely on the
absolute values of the data in the Sandia reports, he apparently does not consider
how the data might be properly interpreted. Q&A 28 above provides a perfectly

reasonable approach to interpreting the Sandia data.

Does this complete your testimony regarding this matter?
) y reg B

(Both) Yes.
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JUDGE BOLLWERK: Mr. Repka.

Whereupon,
JESSE E. LOVE,
DAVID H. JONES,
PHILIP A. DiBENEDETTO,
AND
JAMES E. SUNDERGILL,
witnesses, were called for examination by counsel on belLalf
of Alabama Power Company an”® having been previously duly

sworn, were further examined and continued to testify as

follows:
DIRECT EXAMINATINN
BY MR, REPFA:
Q Gentlemen, would you please identify ycurselves

for the record, starting on my left with Mr. DiBenedetto?
A (Witness DiBenedetto) Philip A. DiBenedetto,

B (Witness Sundergill] James E. Sundergill.

A [Witness Love] Jesse E. Love.
A (Witness Jones] David Hubert Jones.
Q Gentlemen, do you have in front of you a copy of

Alabama Power Company's surrebuttal testimony in this

proceeding, the surrebuttal testimony of Mr. Love,

Sundergill, Jones, and DiBenedetto on terminal blocks?
A (Witness DiBenedetto] Yes, I do.

A [Witness Sundergill] Yes, I do.

ANN RILEY & ASSOCIATES, Ltd.

Court Reporters
1612 K Street, NW, Suite 300
Washington, D, C. 20006
(202) 293-3950
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Q Gentlemen, are you familiar with =-- on April 29,
1992, I filed with the Board in this proceeding errata
related to the pre-filed testimony on this topic. Are you

familiar with that information?

A (Witness DiBenedetto) Yes, I am.

A [Witness Love] Yes, I am.

A (Witness Jones) Yes.

Q Mr. Love, can you tell me, are those your errata?
A [Witness Love) Yes, they are.

MR. REPKA: Judge Bollwerk, unless you feel
otherwise, I do not feel it necessary to read all those
errata. Thev have been marked. They have been actually
physically corrected in the copies that have been submittead
to the reporter today.

JUDGE BOLLWERK: That's acceptable with the Bcard.

BY MR. REPKA:

Q Mr. lLove, do you have any additional corrections
you need to make to your pre-filed testimony?

A (Witness Love) 9Only two additicnal minor
corrections.

On page 115, the second full paragraph, it would
be the next-to-the-last sentence, where it says,
"Nevertheless, the ~imilarity analysis is now beside . . .,"
I would just like to strike the word "now" and have it read

", . . is beside the point."

ANN RILEY & ASSOCIATES, Ltd.

Court Reporters
1612 K Street, N.W. Suite 300
Washington, D, C, 20006
(202) 293-3950
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And the other correction is on page 150. It would
be the first complete sentence at the top of page 150, The
sentence starts, "After reaching 95 degrees C (203 degrees
F) and maintaining this temperature for approximately 30
minutes . . .."
", , . approximately 30 . . ." should read
"approximately 40."
Those are the onl, other changes.
Q Gentlemen, with those corrections, is this
surrebuttal testimony true and correct to the best of your

knowledge and belief?

A (Witness DiBenedetto] Yes.
A (Witness Love] Yes, it is.
A (Witness Jones] Yes,
MR. REPKA: With that, Alabama Power Company moves

the admission of this surrebuttal testimony, that it be
bound into the record in this proceeding.

JUDGE BOLLWERK: Any objection?

MR. HOLLER: No objection from the staff.

JUDGE BOLLWERK: Then the APCo surrebuttal
testimony regarding terminal blocks will be received and
bound into the record.

(The surrebuttal testimony of Jesse E. Love, David
H. Jones, and Philip A. DiBenedetto on behalf of Alabama

Power Company concerning terminal blecks follows. ]

ANN RILEY & ASSOCIATES, Ltd.

Court Reporters
1612 K Street, N.W, Suite 300
Washington, D. C. 20006
(202) 293-3950
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SURREBUTTAL TESTIMONY OF JESSE E. LOVE,
DAVID H. JONES, AND PHILIP A. DIBENEDETTO
ON BEHALF OF ALABAMA POWER COMPANY

CONCERNING TERMINAL BLOCKS

State your full name.

(Love) My name is Jesse E. Love. I am enmployed by bechtel

Corporation as a Project Engineer for the Farley Project.

{Jones) My name is David Huber Jones. I am currently Manager
of Engineering Support, Farley Nuclear Plant, for Scouthern

Nuclear Operating Company, Inc.

(DiBenedetto) My name is Philip A. DiBenedetto. I am
president of DiBenedetto Associates, Inc., which is an
engineering and management services company that provides
services to utility «clients related to equipment
qualification, quality assurance, and nuclear regulatory

licensing. I am responsible for the technical and



administrative management of the company, including
parcicipation in, and supervision of, the extensive
environmental gqualification (EQ) services that DiBenedetto

Associates cffers.

Have you previously testified in thie proceeding?

(Love, Jones, DiBenedetto) Yes. We have previocusly testified

on various technical issues ra.sed by this enforcement

proceeding.

What is the purpose of your present testimony?

(Love, Jones, DiBenedetto) Our pra2sent surrebuttal testimony

is offered to address the rebuttal testimony of the various

NRC Staff panels on the technical issues in this proceeding.
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Q78

A. Qve-view

The next issue is the terminal block i1ssue. Have you reviewed

the Staff's Rebuttal Testimony on this issue?

(Love, Jones, DiBenedetto) Yes, we have. The Staff's
testimony does not change our previous conclusions., Alter
summarizing our position, we would like to address matters
raised in the Staff's Rebuttal Testimony in appreoximately the

order presented by the Staff.

Beginning with the summary then, I cbserve that in Q/A 4 on
pages 2-3 ¢of his Rebuttal Testimony, Dr. Jaccbus has restated
his understanding of Alabama Power Company's positioen. 1Is his

restatement complete and accurate?

(Love, Jones) It is correct in part, tut it is not complete.
To keep the record clear a..d focus this issue, ocur position

includes the following elements:

(1) The terminal blocks at issue were qualified as of
the November 30, 1985 EQ deadline, including for the
instrument accuracy .ssue as it then existed. The terminal

blocks had bean tested to show that they could withstand the

«*110=






CONAX report for Connectron blocks (taken during the cooldown
phase of the simulated LOCA testing). It was this post-
deadline (1986 and 1987) treatment of terminal block
contributions to the total loop accuracy which was reviewed
during the November 1987 inspecticn and cited as a vielation
based upon the latest NRC apprecach to this isgsue at the time.
This pos. '‘deadline approcach was explained 1n APCo Exhibit 52.
It was curther documented in the Novemiar 2¢, 1987 JCO (APCo
Exhibit 59) which was prepared, in response t:> the NRC S5taff's

concerns, for a November 25, 1987 meeting in Atlanta.

(4) 1IN B4-47 (Staff Exhibit 48), the Sandia testing and
reports upon which it was based, NRC Regulatory Guide 1.89,
Rev. 1 (June 1984), ana 10 CFR 50.49 do not indicate that
instrumentation terminal blocks are considered unqualified
unless they can function at peak-~L.CA conditions. It has been
our consistent position -- apparently not recognized by the
post-November 30, 1985 NRC Staff -- that instrument accuracies
need not be maintained throughout peak LOCA conditicns fer
gualification or for inclusion in loop accuracy calculations,
because the instrument circuits at issue at Farley Nuclear
Plant are not needed during these conditions. The instrument
accuracy data utilized in our post-deadline wpproach to loop
accuracies was adeqguately representative of the accident

conditions for Farley Nuclear Plant at the times in which

«113~
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these instruments would be needed to perform their safety

functions,

(%) Existing tes data fcr GE and States terminal
blocks, including SAND83~-1617, cupport the Alabama Power
Company position that terminal blocks in instrumentatior
circuits would have been able to meet their performance
(safety related) reguirements when the instrument circuits
were regquired to function for automatic or operator actions

during design basis accidents.

(6) The Sandia terminal block test data presented in
SANDB3I-1617, and referenced in NUREG/CR=-3418 (August 1924)
(Staff Exhibit 73) and NUREG/CR-369]1 (September 1934) (o..7°
Exhibit 74), dces not lead to the conclusion tha%t the terminal
block effects on instrument accuracies are significantly
different from those used by Alabama Power Company for
conditions representative of the Farley Nuclear Plant. In our
post~deadline approach, we utilized an IR value of 1E7 ohns
tased on CONAX data. The Sandia data in fact supports this
value for use in loop accuracy calculations as discussed

below.

(7) ©Only a small number of the total Reg. Guide 1.97
variables are at issue. Reg. Guide 1.97 instruments provide

post-accident monitoring information to the operator.

wlld=






30, 1985, 1In these first two sections, we will also address

the Staff's latest "clearly should have known" arguments.

Third, we will explain again our approach == post-EQ deadline
-= to qualification of terminal blocks for instrument
accuracy. We will show that the Sa~41ia data relied upon by
Dr. Jacchbus actually supperted our use of an IR value of 1E7
ohms. This IR value is appropriate fu the instrumentation
involved, given Farley-specific design basis accident

conditions.

Fourth, we will rebut Dr. Jaccbus's critique of ocur similarity
evaluation supporting use of data from a Connectron terminal
block. In fact, the Ccnnectron block is dimensionally quite
similar to the States and GE terminal blocks at 1issue.
Nonetheless, the similarity analysis is(éégibeside the point.

The Sandia data confirms conclusively our 1987 apprcach from

a performance perspective.

(DiRenedetto) Next, I will address the Rebuttal Testimony as

it relates to my Direct Testimony on this issue.

(Love, Jones) Finally, we will provide some overall

conclusions and perspectives on the issue.

w118~
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B. Information Available on Qualification
Environmental Conditions

In his Rebuttal Testimony, Q/A 5, at pages 3-6, Dr. Jaccbus
provides one explanation of "the progression of Alabama Power
Comps .y's information to you that forms the basis ror their
position.®™ The point seems to address the temperature for
which these terminal blocks should be gqualified. Would you

like to previde your views on this issue?

{Love, Jones) Yes. Dr. Jacobus attempts to describe the
"progression of information" ecu the required qualification
temperature for these terminal blocks. However, he has not
accurately described what Alabama Power Company, in fact, did

on this issue.

Dr. Jacobus references the peak temperatures of the SCEW
sheets (Staff Exhibits 69 and 70) as the Dbasis for
gualification of the GE terminal blocks and the States
terminal blocks. However, with the exception of the SCEW
sheet, Dr. Jacobus does not describe or acknowledge any of the
information which was available to the NRC Staff, and was
previously accepted by the Staff, regarding the requirements
for qualification of terminal blocks in instrument circuits.
This information included the minutes of the January 1984
meeting with the NRC Staff (APCo Exhibit 20) accepted in the

final NRC EQ SER (APCo Exhibit 21).

=116~



As testified to previously, the minutes of the January 1984
meeting explicitly state that "post-LOCA," not "peak-LOCA,"
terminal block leakage current (IR) data from the Alabama
Power Company Wyle Test Report on States terminal blocks would
‘a used for instrument accuracy purposes. Dr. Jacobus is
illustrating that in November 1987 he was inspecting Farley EQ
files based only on his current 1987 level of knowledge and
understanding of this issue, without regard for the Farley-

specific pre-deadline documented basis.

However, more importantly with regard to the SCEW sheet
values, the Staff is now implying that these peak temperatures
lead them to believe that the basis for terminal block
performance in instrument loops was peak-LOCA temperatures.
(See also Dr. Jacobus at Tr. 708-709, 739). Frankly, this is
not a credible assertion. An E{ engineer knowledgeable in the
derivation of the SCEW sheet and the history of terminal block
qualification programs certainly should have known the meaning

and significance of these numbers.

The SCEW sheet, as explained in our Direct Testimony, was
prepared for each model of equipment and provided a summary
level comparison of the peak-specified and peak-tested
environmental parameters. These included temperature. The
SCEW sheet was not intended to be the single document for

explaining the performance qualification of terminal blocks in

-117-
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block must withstand the harsh LOCA conditions does not mean
that IR data for instrument accuracy needs to be based on
these same peak-LOCA conditions. I believe Dr. Jacobus
understands this distinctioi, but is simply extracting the

SCEW sheet value out of context, to confuse the issue.

In his discussion of the "progression of information," Dr.
Jacobus goes on to discuss (Rebuttal Testimony, at pages 4-5)
some of the discussions on the peak qualification temperature
issue during the November 1987 inspection and during the
November 25, 1987 post-inspection meeting in Atlanta., Could

you give your perspective on these interactions?

(Love, Jones) First, Dr. Jaccbus discusses the docurmented
questions and answers from the inspections. He refers
particular. to Alabama Power Company's response to EQ
Question No. 26. (Staff Exhibit 71). This references Alabama
Power Company's EQ Action Items 018 and 067 (APCo Exhibit 52),
which were post-EQ deadline activities addressing the
contribution of terminal block leakage current to instrument
loop uncertainty. They address the use of data for IR taken
from the CONAX IPS~107 test graph. Dr. Jacobus claims that
from this information he was still unable to determine that
Alabama Power Company's apprecach was not based on peak LOCA
conditions. In his testimony he states, "Interestingly, there

is no mention in that document of the temperatures when the
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this peint at length in our Direct Testimony on the issue, at
pages 117-125, and.will address it further below. We continue
to believe that the IR value we utilized for the 1987 ERP
calculations (1E7 ohms) was appropriate for the States and GE

terminal blocks.

Do you agree with Dr. Jacobus when he states at the conclusion
of his answer to Q5 (Rebuttal Testimeny, at page 6) that "APCo
still has not defined what temperature they feel the blocks
need to be qualified to based on the circuit-by-circuit
analysis that they claim to have used as a basis for

qualification all along"?

(Love, Jones) No. As stated above, Alabama Power Company
clearly dei.ned in the January 1984 meeting with the NRC
staff, as documented in Alabama Power Company's February 29,
1984 letter (APCo Exhibit 20), that the leakage current (IR)
data from the Wyle test report (APCo Exhibit 50) was recorded
post-LOCA after the ccoldown. These were the le-kage current
(IR) values on which the Westinghouse pre~EQ deadline circuit~-
by-circuit (or instrument loop) analysis for ERP setpoint
values were based., Since the Staff nevey disagreed with the
approach prior to the EQ deadline, we probably should not be
here today. This accepted basis for terminal block accuracy
should be the benchmark for EQ corpliance as of the EQ
deadline.









our approach (accepted at the meeting and in the December 1984

. SER) was described as follows (emphasis added):

IRC Conment

Address the current leakage of States Terminal
Blocks and its effects on eqguipment within the
score of 10CFR50.49.

APCO_Response

The environmental qualification test report
for States Company Terminal Blocks, Wyle
Laboratories Report 44354-1 provides the
values of leakage currents. The States
Terminal Blocks were LOCA tested with an
applied voltage of 137.5 VDC which is the
normal operation voltage of the terminal
blocks. Instrumeriation was attached to the

test and leakage current values were recorded.
The values of leakage current were recorded
from termina® point-to-point and point-to-

ground on the States Terminal Block. Also
. included were conductor-to-conductor and
conductor-to~ground leakage current. These

values were recorded for multiple combinations
with an applied voltage of 137.5 VDC.

The test leakage current values are being used
in the development of the revised FNP

Energency Operating Procedures (EOPs)
presently being prepared by Westinghouse/APCo.

Q86. Are there any clear regulatory requirements indicating that
instrumentation must be demonstrated to maintain a specified
(tixed) level of accuracy (or functional performance) at
worst-case peak LOCA conditions in order to be considered

qualified?

i



A. (Love, Jones) Neither the regulations nor the regulatory
. guidance requiies or suggests that instrumentation terminal
block functional performance must be demonstrated during an
environmental service condition such as peak LOCA temperature

if nc safety functicn is reguired coincident with this
condition. The regulatory guidance actually supports our
conclusion that qualification of instrumentation terminal
block functional performance can be based on the environmental
service conditions which will be experienced when the terminal
block safety function is required. (All of this presures the
capability to withstand or survive the complete time-dependent

LOCA environmental conditions as discussed above, which is not

an issue for these terminal blocks (§See Dr. Jacobus's oral

testimony, at Tr. 696).)

First, 10 CFR £0.49(e) (1) provides (emphasis added):

(e) The electric eguipment gualificatien
program must include and be based on the
following . . .

(1) Temperature and pressure., The time~
dependent temperature and pressure
at the location of the electric
equipment important to safety nmust
be established fur the most severe
design basis accident during or
foilowing which this eguipment (s

required to remain functional.

Under this regulation, an environmental profile is estab) ished

for the entire event., However, functional qualification can
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be based un the time in the accident event when the equipment

is required to function.

NRC Regulatory wuide 1.89, Rev. 1 (June 1984) is anothear
important reference. (APCo Exhibit 35). Referring first to
Section B, second full paragraph on page 1.89-2, the first
sentence of this paragraph starts with the following

statements:

It is essential that safety-related electric
equipment be qualified to demconstrate that it
can perform ity safety function under the
environmental service conditions in which i«
will be reguired to function and for the
length of time its function is required. . . .

The next paragraph states:

The following are examples of considerations
t~ be taken into account when determining the
environment for which the equipment is to be
qualified:

Consideration (3) states:

(Ejquipment required to initiate protective
action would generally be required for a
shorter periocd of time than instrumentation
requirnd to follow the course of an
accident. . ., .

Section C.1 states:

Section 50.49, "Environmental Qualification of
Electric Equipment Important to Safety for
Nuclear Power Plants," of 10CFR Part 50
requires that safety-related electric
equipment (C.ass IE) as defined in paragraph
50.49(b)(1) be gqualified to perform (ts
intended safaty functions.

-126~
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This regulatory guidance supports our position that
qualification of instrumentation terminal blocks can be based
on the environmental conditir-s which will be experienced when
the terminal block safety function is required. Here, as we
discussed in our Direct Testimony, our position is that the
afrected Reg. Guide 1.97 instruments which included the
terminal blocks at issue did not need to function at peak LOCA

conditions.

In his Rebuttal Testimony, at page 11, Dr. Jacobus restates
the Reg. Guide 1.97, Rev, 2, guidance. He concludes from the
Juidance that it is required tc demonstrate "functioning
through the peak LOCA ceonditions for the terminal blocks that
are required a.ter that time." Do you agree with his

interpretation of this guidance?

(Love, Jones) No, we do not agree with his restatement of the
guidance. Unlike Dr. Jaccocbus, we do not {interpret the
regulatory guidance as saying that an instrument which has no
required function during peak LOCA conditions must function
through the peak LOCA conditions. what is important |is
withstand and recovery capability. For the terminal blocks at

issue, that capability has been shown,

Dr. Jacobus's Rebuttal Testimony (Q/A 8, at pages 11~-12) again
refers to IN 8i~47 (Staff Exhibit 48) and NUREG/CR 3691 (Staff
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Exhibit 74), which are based on the SANDBI~1617 data. Dr.
Jacobus argues that these documents provide the basis for why
Alabama Power Company should have clearly known that terminal
blocks in instrument circuits had to function at the peak
temperatures of the worst-case design basis LOCA accident. Is

this position clearly supported by these documents?

(Love, Jones) No. As testiiled to previcusly (gge our Direct
Testimeny, Q/A 98, at pages 107-208), we followed the guidance
provided in IN 84~-47 (Staff Exhibit 48) during the pre-kEQ
deadline qualification of the terminal blocks. The relevant
action statement of 1IN 84~47 was quoted in our Direct
Testimony, at page 108. Consistent with that statement, [ronm
a pre~deadline perspective, we had taken steps to ensure that
the terminal block performance would be addressed in emergency
procedures., Since IN 84-47 followed cleosely after our meeting
with the NRC Stat{ in January 1984, we had no basis to

guestion our agreed-upon approach.

Moreover, a total reading of IN 84-47 will not yield any
statement regarding the necessity to demonstrate function at
the peak temperatures of worst-case design basis accidents.
Also, it is a matter of fact that a complete reading of
NUREG/CR~3691 (Staff Exhibit 74) and NUREG/CR-3418 (Staff
Exhibit 73) (SAND83-1617) will not provide a clearly stated
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also described in SANDBI~1617 (Staff Exhibit 73) and depicts
the terminal block test leakage current effect on transmitter
response for the second of the three DBA test profiles
(S8ANDE3-1617, Figure 2, page 9) to which this terminal block
was exposed. We would like to explicitly point out that the
curve on Figure 8-3 shows when the cooldown from 161°C
(321.8B°F) to 95°C (203'F) is initiated, the transmitter signal
current returns linearly to base level with time. This figure
supports exactly our pre-EQ deadline position, as discussed in
the January 1984 meeting and documented in Alabama Power
Company's February 29, 1984 letter to the NRC. (APCo Exhibit
20). This position was that peost-LOCA leakage currents (1R)
could be used in the pre-November 30, 1985 Westinghouse EQOP

setpoint analysis.

It is also interesting that the Staff's Rebuttal Testimony now
seems so dogmatic on the issue that peak LOCA conditions were
essential (See, £.9., Q/A 9 at pages 12-14). This was not Dr.
Jacobus's position in his Direct Testimony, at page 5, where
he recognized that peak LOCA data was not needed under certain
conditions. In any event, it is certainly stretching the
truth to now claim (almost 8 years after-the-fact) that IN 84~
47 and the Sandia reports put Alabama Power Company somehow on

notice of this issue.
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The same can be said for IN 85-39 (Staff Exhibit 77)
referenced in the Rebuttal Testimony, at page 14. That Notice
has nothing to do with terminal blocks; rather, it related to
resolving Franklin TER-identified preoblems. For terminal
blocks in instrument circuits, we had a proposed resolution.
The very purpose of the January 1984 meeting with the Staff
was to discuss resolutions to Franklin open itens. our

resolution on this issue was accepted.

€. Evelving Reguirements

In the NRC Staff's Rebuttal Testimony, under the subheading
"Evolving Reguirements,”" at pages 16-27, the Staff has
testified that there was no new post~EQ deadline knowledge
applied by the NRC Staff in their findings or their assessment
of a violation regarding this issue. Deces Alabama Power

Company concur with this testimeny?

(Love, Jones) Absolutely not. The present NRC Staff
continues to direct their arguments back to what a licensee
should have been able to clearly determine from IN 84-47 when
it was issued prior to November 30, 1985. The present Staff
has applied their post-EQ deadline understanding of this
document during ana following the November 1987 Farley
inspection, without any apparent attempt to review or consider

the Farley-specific pre-EQ deadline NRC documentation, which
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provided the agreed-upon basis for NRC acceptance of the
instrument terminal block gualification as of November 30,
1985. The nresent Staff then asserts that there is no
evolving standard because IN 84-47 was issued in 1984 prior to
the deadline. However, by refusing to view that document in
context, they cannot do anything but apply an evolving

standard.

Is there any evidence that the Staff witnesses were involved
in the 1984 NRC Farley-specific reviews of this issue, or that
they attempted to determine, or even cared to determine, the
pre-deadline NRC documented basis for instrument terminal
block gqualification for Farley Nuclear Plant pricr to

conducting the November 1987 inspection?

(Jones, love) None whizh .s apparent to us. In fact, guite
to the contrary. In Dr. Jacobus's deposition he responded to
gquestioning related to Alabama Power Company & November 1988
response to the Notice of Vieclation on terminal blocks. He
discusses, starting on page 133, line 9, Alabama Power
Company's arguments related to pre-deadline matters. He

states:

A. « + + Then it [the NOV response) goes on
to discuss things about what happened
back in 1984, which I was not privy to,
50 I don't really have any comments. I
wouldn't know what happened back in 1984,
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Then,
134,

Q.

A.

later in the deposition,

Dr.

A.

As far as the SER and the meetings with
NRC?

That's correct.

Jacobus states:

« « «» Then at that point, it (again, the
NOV response) goes on to say that GE
terminal blocks any question [sic) is
similar to the States terminal blocks,
and somewhere they talked about the
States terminal blocks. That's talked
atout up above about the 1984 meetings,
the States terminal blocks, so they say
that the GE blocks are similar to what
the States blocks =~ Alabama Power
shouldn't clearly have known because of
the SER, TER arguments.

And you already stated that you're
unfamiliar with those arguments or at
least you were not arcund at the time?

I was not around at the time, and I have
not been provided any copies of things
that went on at that time.

Anything else in there that you care to
comment on?

Well, with regard the fact that the staff
presumably prepared an SER that said that
Alabama -~ "“that the Alabama Power
Company equipment qualification program
is in compliance with the requirements of
10 CFR 50.49, that the proposed
resolution for each item of the
environmental qualification deficiencies
identified for Farley 1 and 2 |is
acceptable."

Presumably the terminal blocks were one
of those issues, one of these
deficiencies identified. I don't know
for certain that that's the case, and
according to this, what the NRC then said
is that their proposed resolution is
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acceptable with the assumption that that
proposed resolution will be implemented
correctly, ! assume. And so the question
then becomes, was the proposed resolution
implemented in an acceptable fashion, and
1 don't know the details of that.
Q. You don't know v“it the proposed
resolution was. But ased on your review
of the files, what's your opinien on
whether or not it was implemented?
A. 1 don't know what the proposed resolution
is, but if I assume that the proposed
resolution was to come up with an
adequate gqualificatrion, then clearly it
was not implerented.
From these st :ements of Pr. Jacocbus, it is very cbvious that
no attempt was made by the present NRC Staff to determine what
the Farley-specif!c agreed upon pre-EQ deadline basis for NRC
compliance or resclution of this issue was, Instead, the
witnesses categorically claim -- without really knewing ==

that there has been no evolution.

Mr. Luehman, at pages 18-20 of the Rebuttal Testimony, also
attempts to adaress the evolution argument. Would you care to

respond to Mr, Lueiman?

(Jones) Yes. Mr. Luehman is simply restating the position
that IN 84-47 provides a basis for the Staff's “clearly should
have known" finding. He also tries to show that terminal
blocks were being inspected for gualification in the pre-~
deadline time frame. However, Mr. Luehman is again missing
the point. He seems to think a "clearly should have known"
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finding can be based on indications that terminal blocks
needed to be qualified prior to the deadline. That really is
not in dispute. We knew the terminal blocks needed to be
qualified for theiir application in instrument cirmruits and we
had an accepted basis to do just that, Under the Modified
Enforcement Policy, the real point is whether we "clearly knew
or should have kuown gf the lack of proper environmental

gualification." (staff Exhibit 4, Enclosure, at page 1)
(emphasis added). We clearly did not know and clearly should

not have known that our qualification approach was not

sufficient for all the reasons we have discussed.

In Q/A 13 and the following series of gquestions and ansvers
(Rebuttal Testimony, at pages 17-27), the 5taff witnesses
discuss actions taken by other licensees responding to
concerns regarding the wuse of terminal ©blocks on
instrumentation circuits. Does Alabama Power Company have a

response?

(Love, Jones) Yes. We believe that the circumstances
surrounding other plants' and other licensees' decisions to
remove specific types of terminal blocks in specific
instrument circuit applications, and to replace them with
qualified splices, have no direct bearing or significance with
regard to our compliance with 10 CFR 50.49 for Farley Nuclear

Plant instrument applications as of November 30, 1985. The
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fact is, we addressed this matter prior to the deadline and

reasonably believed that we had Staff approval.

All of the examples given by the Staff of inspections
regarding other specific applications or interpretations of IN
84-47, and of actions taken by other licensees, certainly
appear to have been a source of evolving knowledge to the
current Staff. 1In fact, the Staff appears to have performed
the inspection at Farley Nuclear Plant in November 1987
totally based on their knowledge and understanding of
activities with other licensees, and failed to even consider
that Alabama Power Company had ==~ befsre the November 10, 1985
deadline -~ specifically established a 10 CFR 50.49 cormpliance
basis for resolution ~f terminal block leakage currents in EQ
instrument circuits., By 1987, the Staff was predisposed to
guestion any use of terminal bklocks in instrument circuits.
This represents a clear evolution from the pre-deadline
agreement for Farley and therefore is an inappropriate basis

for enforcement.

Moreover, we addressed the new 1987 expectation adequately
also, as addressed further below. The pre-inspection 1987
approach, based on an IR value of 1E7 ohms, was and remains a

valid technical approach to this issue.
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Q94. Are there any additional comments you would like to make in

response to the NRC Staff's Rebuttal Testimony on "Evolving

Requirements?"

(Love) Yes., Specifically in reference to the second
paragraph on page 21 in the answer to Ql4, DOr, Jacobus states

that:

In terms of performing Jloop accuracy
calculations invelving contriktutions of
calibration equipment and other secondary
effects, I would agree that APCo probaply
began such calculations in the same time frame
as the rest of the industry. Hovever, that is
not the issue in these proceedings. The issue
is specifically for not properly considering
the effects of terminal blocks on the accuracy
of instrument circuits. The NRC Staff
expected to see acceptance criteria
established for the terminal blocks (based on
their required function) and then a
demonstration that the terminal blocks meet
those specified functional performance
requirements during accident conditions as is
required by regulations.

Also, beginning in the last paragraph on page 25 in answer to

Ql18, Dr. Jacobus states:

In response to IN 84-47, terminal blocks were
either replaced or appropriately considered as
part of the loop accuracy calculations by
other utilities. At that point, most
utilities began considering the effects of
cables, electrical penetrations, and splices
also. In the evolution of locp accuracy
calculations after the EQ deadline, items such
48 process measurement accuracy, sensor
calibration accuracy, sensor temperature
effects, sensor drift, rack calibration
accuracy, rack comparator setting accuracy,
rack temperature effects, and rack drift began
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to be considered in the loop calculations.

(Staff Exhibit 76). APCO has not been cited

for failure to consider these effects. They

have only been cited for failing to consider

the effscts of terminal blocks, the issue

identified in IN 84-47.
These are very interesting statements from the standpoint of
the evolving interpretations of requirements by the Staff.
This testimony clearly underscores the vintage of the
instrument loop accuracy calculations the inspectors were
reviewing and questioning at Farley Nuclear Plart in ‘Yovember
1987. The Staff simply is not focusing on the pre-deadline

context.

As I testified in our Direct Testimony (at pages 110-112), in
the 1986 and 1987 time frame, the Farley-specific emergency
response procedure (ERP) setpoint calculations werv being
revised to include the centributions of what Dr. Jacokus has
called secondary effects. From his second gquote above, 1
assume he is defining seccondary effects to include the
environmental effects of cable leakage currents which were
added to the terminal block leakage currents (implied to be a
primary effect, although not stated as such) to determine the
overall instrument loop uncertainty during design basis
events. Also, I assume that it is understood that the design
basis event environmental effects on the instrument sensor

itself are considered a primary contributor to overall
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instrument loop uncertainty during postulated ‘esign basis

events.

It was the results of the contemporaneous 1987 total
instrument loop uncertainty calculations that were being
inspected and gquestioned in detail at the November inspection,
including the contribution of instrument cabling. In fact, at
the inspector's reguest, Alabama Power Company had the
appropriate Westinghouse engineers who had performed the 1987
Farley uncertainty calculations make a special trip to Farley
Nuclear Plant during the inspection and exylain to the NERC
inspectors their methodology for their engoing evaluation., It
must be emphasized that in the 1987 vintage calculations,
cable and other so-called secondary contributions described
above were included in the calculation of the overall loecp
uncertainly and ERP allowance values for the measured

variable.

This inspection =- and the current testimony -« should again
be contrasted with the pre-deadline context. Although not
stated by Dr. Jacobus, Mr. Wilson, during the November 1987 EQ
inspection, reviewed the 1587 RPS/ESFAS (reactor protection
system/engineered safety feature actuation system) and ERP
instrumentation total loop accuracy methodology for the
treatment of instrument cable minimum IR criteria. He

reviewed each specific instrument cable included in the 1987
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Westinghouse analysis. No deficiencies were found in this

portion of the November 1987 inspection.

Prior to November 30, 1985, the Farley ERP allowance values
were primarily based on the environmental effects of the
instrument sensor with specific consideration of the terminal
block effects using the post-LOCA criteria for terminal blocks
agreed to by the NRC Staff in the January 1984 meeting. Cable
effects were considered to be negligible in this pre<EQ
deadline analysis. (As we have testified previously, this was
consistent with the general industry approach at that tirme to
loop accuracy calculatiens.) Obviocusly, these pre-deadline
ERPP calculations were not what the inspectors reviewed in
their Novenber 1987 inspection as a basis for compliance to 10
CFR 50.49., Notwithstanding the Staff's claims, there was a

clear evolution betwe .n ti ¢ EQ deadline and the inspection.

Are issues regarding locp accuracy calculations (and terminal

block contribution) still evelving?

(Love) Yes. NRC Information Notices are still being issued
on the effects of leakage current on overall instrument loop
accuracy during postulated harsh environmental conditions.
Recently, the Statf issued IN 92-12, "Effects of Cable Leakage

Currents on Instrument Settings and Indications," dated
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February 10, 1992. (APCo Exhibit 120). It is interesting to

note that on page 2 of 2, the second paragraph states:

The NRC is aware that many licensees are
revising instrument setpoints using the latest
industry standards and are assessing the
effects of leakage currents. However, since
most licensees for operating plants zay not
have addressed these eftects in their original
design calculations, tle problem described
above for Surry may be generi..

It is also interesting to note that in the first paragraph of

the Discussion, it states:

Under conditions of high humidity and
temperature associated with either a LOCA or
HELB, the IR may decrease in compeonents of the
instrument loop such as cables, splices,
connectors, terminal blocks, 2nd containment
penetrations. Conseguently, leakage currents
increase and measurement of process variables
becomes more uncertain.

The third paragraph of the Discussion states:

In June 1984, the NRC issued Information
Notice (IN) B4-47, "Environmental
Qualification Tests of Electrical Terminal
Blocks." In this information notice, the
staff identified the potentia for errors
caused by leakage currents at terminal blocks
when these blocks are subjected to a harsh
environment.

All of the statements above exemplify the evolving
understanding of total instrument loop uncertainty
determinations and of the significance of the harsh
environment effects on the error contribution from each loop

component after the EQ deadline. Certainly, in this context,
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pertinent performance characteristics of qualified terminal

blocks under postulated design basis accident environments.

(Love) 1In the testimony to follow, I will expand further on
the basis for our 1987 technical positions as provided in
previous testimony and discussed at the hearing. This will
address the Staff's arguments in the Rebuttal Testisony. 1
will show that even in a 1987 context, our approach ==« as
documented in APCo Exhibit 52 (the EQ Action Items 018 and
067) and in the November 24, 1987 JCO (APCo Exhibit 59) == was

a valid approach.

First, in my testimony I will address existing test data,
including that contained in SAND83~1617, and provide in more
detail our basis and conclusions regarding the significance of
this data. Specifically, I will explain the meaning of this
data to the insulation resistance versus temperature
characteristics of terminal blocks during delign basis

accident environments.

Next, I will re-look at the temperature versus time profiles
of the postulated Farley-specific worst-case des’ n basis loss
of coolant accident and main steam line break (MSLB), and
illustrate the portions of the curves where automatic and

manual operator safety-related actions were required. I will
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indicate specifically which instrument signals are required

for the automatic and manual safety-related actions,

Then, having defined the design basis accident temperature
ranges and the length of time the instrument terminal blocks
would have been required to function, I will demonstrate «- by
using the terminal block IR versus temperature characteristic
data -- that the instrument terminal blocks would have been
capable of performing their safety functions based on the 1987
vintage analysis (and the selected IR va'ue of 1E7 ohms).
Based on this, we can conclude that the terminal blocks were

gqualified in 1987, even against the Staff's 1987 perspective.

Let's turn first then to the existing test data. The NRC
Staff has implied extensively that the Sandia testing
documented by SAND83-1617 conclusively demonstrated that,
during simulated design basis accident testing of terminal
blocks, the iR versus temperature is not linear on a

logarithmic scale. Do you agree?

(Love) No. SAND83=-1617 (Staff Exhibit 73) provides the data
that IN 84-47 was based upon. The terminal block testing
involved subjecting the blocks to successive DBA profiles,
which is, of course, not realistic. 1In fact, Sandia tested

these blocks to nea destruction, something that would not
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(Phase I) is shown on page 8 of the report and is entitled
Figure 1, Phase I Environmental Temperature Profile. Fage 9
of the report shows the environmental temperature profile for
the second phase of testing and is entitled Figure 2, Fhase 11
Environmental Terperature Profile. It is important to
recognize that the Phase I test simulated two consecutive
DBAs, and the Phase Il test simulated three consecutive DBAs
for the terminal blocks included in each phase of testing. I
have marked these figures to indicate each sirmulated DBA on
the profiles and for convenience have included them in this

testimony as Figures 1 and 2.
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For the Phase I test, the first asimulated DBA starts at tire 0
and the temperature reaches 172°'C (J341.6'F) in 50 seconds.
The peak temperature of the first simulated DBA was paintained
at 172°'C (341.6°'F) for 3 hours and 24 minutes, after which the
post-peak cooldown to 95%5°'C (203°'F) was initiated. After
reaching 95°C (203'F), the second simulated DBA was initiated
and the temperature reaches 172°'C (341.6'F) in 90 seconds.
The pe. . temperature was maintained on the second simulated
DBA at 172°C (341.6'F) for 3 hours and 10 minutes, after which
a series of stepped decreases in temperature were initiated
with temperature plateaus L.:tween steps at 161°C (321.8°F),
150°C (302°F), 122°'C (2%1.6'F), reaching the final plateau of
105°C (221°'F). The temperature plateaus at 161 T (221.8'F)
and at 150°'C (302°'F) were maintained for 2 hours, 40 minutes
and 2 hours, 50 minutes, respectively, and the temperature
plateaus at 122°C (251.6'F) and 105°'C (221'F) were maintained
for 3 days, 8 hours, 20 minutes and 6 days, 2] hours, 29

minutes, respectively.

In the Phase II test, the first simulated DBA starts at time 0
and the temperature reaches 172°'C (341'F) in 30 seconds and
was increased to 175°'C (347'F) in 7 minutes, 52 seconds. The
peak temperature of the first simulated DBA was maintained at
175°'C (347°'F) for almost 3 hours, after which it was reduced

to 172*'C (341.6°'F). After maincaining the temperature at
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172°C (341.6°F) for a shsrt pericd of time, the post-peak
cooldown to 95°'C (203°'F) was initiated. After reaching 95°C
(203*F) and maintaining this temperatire for approxlmatelyliﬁz
minutes, the second simulated DBA was initiated and the
temperature reached 175'C (347°'F) in 25 seconds. The s220ond
simulated peak .BA temperature was maintained at 175°C (347°F)
for 4 ho'.rs, 2 rinutes and 1 seconds, after which it was
reduced to 161°' (321.8°'F) where it was maintained for 50
minJtes. From this temperature, the final cooldown to 93°C
(203*F) was jnaciated. After maintaining a termperature of
95'C for less than an hour, the thir”? simulated DBA was
initiated and the peak temperature of 149°'C (200.2°F) was
reached in 1C minutes. The third simulated DBA peak
temperature was maintained at 149°C (300.2°F) for 3 hours and
20 minutes, after which a cooldown to 121°'C (250°'F) war
initiated. This temperature was maintzined for 3 days, &
hours and 49 minutes, fo.lowed by another cooldown to 104°C
(219.2°'F), where the temperature was maintained for 1 day, 3

hours and 34 minutes, prior to final cocldown.

In Staff Exhibits 50 and 51, the plots of IR vs. temperature,
which are nor .inear, indicated ar CR~151 Complete Plot, EB-25
Compiete Flot, and States ZWM Complete Plot, were apparently
- -ated by using IR data recorded during the Phase I and Fhase
1 sandia environmental test profiles gver the complete time
duration of all consecutive simulated DBAs. In other words,
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(Love) A review of the Sandia data from this perspective
yields an insulation resistance vs. temperature characteristic
that is linear on a semi-log plot for the GE and States
terminal blocks for the temperatures critical to the Farley-

specific functions.

In my oral testimony (Tr. 1211-1222), Page 210 (Figure Al-21)
of SANDB3-1617 was used to illustrate this perspective and the
basis for our JCO presentation in Atlanta in which we
concluded that the safety function of the instrumentatio
terminal blocks could and would be accomplished. Since
Dr. Jacobus in his Rebuttal Testimony centinues to ‘“suggest"
that the Sandia data contained in this report does not
indicate a linear relationship, I will further expand on what
this data indicates by referring to additional Sandia data as

represented in SAND83-1617,

What is the additional Sandia data you are relying on as the

basis for your conclusion?

(Love) The following are the pages from the Sandia report
which I ' uld like to introduce:
& PAGE 129, APPENDIX 1, Five-Number Summaries of
Leakage Current and InsulatiHon Resistance Data

b PAGE 142, FIGURE Al-1l, Box and Whisker Plot of
Insulation Resistance for TB 1, Phase 1
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PAGE 136, TABLE Al-2a,

Five-Number Summaries of

Insulaticon Resistance. Phase I Terminal Blocks

PAGE 137, TABLE Al-2b,

Five=-Number Summarie~ of

Insulation Resistance, Phase I Terminal Block

PAGE 146, FIGURE Al-S5,

Box and WhisYer Plot of

Insulation Resistance for TB-5, Phase I

PACE 138, TABLE Al-2c,

Five=-Number Summaries of

Insulation Resistance, Phase I Terminal Blocks

PAGE 139 TABLE Al-2d,

Five-Number Summaries of

Insulation Resistance, Phase I Terminal Blocks

PAGE 147, FIGURE Al=-eo,

Box and Whiske~ Plot of

Insulaticn Resistance for TB-6, Fhase I

PAGE 210, FIGURE Al=-21,

Box and Whisker Plot of

Insulation Resistance for TB-9, Phase II previcusly
entered as (APCo Exhibkit 111) and {Bozrd

Exhibit 1).

PAGE 174, TABLE Al~Se,
Insulation Resistance G,

PAGE 175, TABLE Al~S5f,
Insulation Resistance G,

o §- B

Five-Number Summaries of
Pnase II1 Terminal Blocks.

Five~Number furmmaries cof
Phase Il Terminal Blocks.



APFENDIX 1
Five-Number Summaries of Leskage Current and Insulation Resistance Dats

Sections 4.3.3 and 4.4.2 discuss the presentation of the data in a
five-number summary format. This appendixz compiles the datp ia this
format in doth tabular and graphic form. The tabular arrangement for the
datas i8¢

median
lower guartile upper quartile
lower extreme upper extrume

The graphic format is:

upper extrene
upper quartile

median

lower quartile

lower extrenme

The graphical presentation is commonly referred to as 4 box and
whisker plot for obvious reasons.
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TABLE Al-2a

five-Number Summaries of Insulation Resistance, Phase | Terminal Blocks
{Xohms )}

Peak | Peak 2
" Ambient 172°c M0 M, TR s72°C is1~c ¥
™™
i S.40E+0) 8.522+00 1.98E+02) 3.328+00 B.46E+00
5.39e+0) S5.40E+83 6.0TE+00 8.96E+00 1.98€+03 1.98g+0) 1. 20E<20 4.247+00 B.41E+DD 8. 8ige00
5.39%9e+01 S5.40E+03 J.61E¢00 1.226+01 1.9%E+03 1.98E+02 2.97€+00 1.11g+0) 8.01E+00 9.17E+00
T8
2 S.2TE+03 6 142+00 4.09e-02 J.4ie-01 2.12v+00
5.27TE+0) 5.272+0) 5.6SE+«00D §5.23JE+00 4.09€8+02 & _09r+02 1.052-01 4 . 40E-D! 1.45E«00 2. 46F+D0
5.27E+03 5.278+0) J.39E+00 2.11€+01 3.9%E+02 4.0%E+02 2.66E-03 Z.54E+00 7.33-01) J.4Es00
™
3 4.92E+0) S.76E+D8 2.30E+6) 4.36g-0] 2.48E-01
4.92€E40) 4.928403 S.4%E+00 6.01E+00 2.30€84+013 2.10E+0) 1.61e-G61 5.262-01 2.28€-0) Z.B4E-0)
L 4 .92E+03 4.9%92e+0) J.55e+00 2.10E+0} 2.28E+8) 2.310€E+0) 2.95%E-01 2.30E+00 2.02€-91 j.26e-01
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TABLE Al-2b

Five-Number Summaries of Insulation Resistance, Phase | Terminal Blocks
{Koams )

i150°c

122°C

105°C

105°C
{4 vac)

1.12E+01
1.02E+01 1.21E+01
9.7iE+D0 1.50E+01

2.91E4+01
1.55E401 3.27e+01
9.57E:60 6. 34E+00

Sub 1:
5.808401
5.8%Eq401 6.47E+0%
1.04E+0} 6.50E+01
Sub 2:
4.50E+0!
3J.05E+01 5.2¥1Es01
1.578+01 S5.948+0 3
verall:
5.41E+01
4. 328401 6. 22E+01
1.04E+01 6.50E+01)

1.85E+01
1.81E+01) 1.93E+01
1.49€E+01 J.66E+01

7.02E+00
6.128+00 8.76E+00
Z2.03E+00D 9.82E+00

1.51e+01
1.09€4+061 2.0BE+01
3. 14E+0D0 7.108+01

Sab 1:
1.58E+01
1.198+01 1.875+01
i.69E+00 1.8BE+D1}
Sub 2:
1.43)E2001)
1.098+01 1.56E401
L28E+00 L.63E+2]
Overall:
1.47E+01
i1.13e:01 1.74E+01
1.69g+20 1.868E+01

1.05€+01
1.01E+81 1.09g+01
7.55€E+00 1.78£+01}

4.24E-0D1
3.64E-01} 8.22e-01
2.40E-0) 1.45E+00

G .87E+00
7.67E+00 1.26€+01)
S.TZE200 2.65%E¢01

Sab 1:

1. 126401
1.008+81 1.49%+01
.45 00 1.50840i

Sub 2
1.07Ev0 ]
7,288 +00 1.1kE20 )
F.69E 000 1.45%E+001
evrall;

I 28Ee01
9.21ce00 1. 46E+D}
1.45%E+00 1.50€E+01

4. BOE«RD

4._99%g+00
S.315€+00

J.17€+00 1.30E401
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TABLE Al-24

Five-Number Summaries of Iasulation Resis ance, Phase 1 Terminal! Blocks

150°C

122°C

{xohms )

105*C

105°C
(4 vdc)

1.07E+01
1.05E+01 1.0984+01
9.94£+00 1.11E+01)

1.10E+01}
1.22E401 4.3198+01
6.76E+00 9.30E4+01)

Sub 1:
6.69E+01
5.98r+01 7.28840)
1.41E+01} 7.29e+01
Sub 2:
1.14E+02
1.03g+02 1.17e+02
4. 70E+831 1.23E+02
Overall:
J.G60E«0)
6.0%E+01 1.17E402
1.41€E+:0) 1.23E+02

4.38E401
434401 4.46E+D1
J.46E+01 6.04E+D1

1.298+01
1.27e+01 1.31e401
1.25E+01 1.36E+01

4.6TE+0)
1.94E+01

1.12E401 1.30e002

5.90E+01

Sub 1:
1.03E+02
B8.52E+01 1.176+92
1.40E+01 1.17E+02
Sub 2:

6. 12E+0]}
4.848401) 6. .81E+0]
2.69E+01 7.88E+01

Overall:

8.85E+01
6.62E+01 1.13E+02
1.40E+01} 1.17€E202

4.17E+01
J.64E+D] 6.42E4+01
2.21E+00 1.0384+02

2.34E4+01
2.158+01 2.55€401}
2.11E+81 J.16E+0}

1.25€+02
J.A46E+DI J.S51E+02
3.32E+D1) ¢.82E+03

Sub 1:
2.89£+02
2.44E4+02 1.338+402
1.988+0) 1.)68+6G2
Sub 2:
2.78E+02
1.1484+402 J.03EsD2
S5.9%E+«01 J.19E+002
Overall:
2.79€+02
2.1%€E%02 }.25€°82
1.93e+01 1,.79E02

6. L1E«D]
6. 0DKEDI] 6. 838401
2.52E+01 9. .70€E00]
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(It should be noted that the data contained in the five~-number
summary tables is the same data which is being graphically
depicted on the Box and Whisker plots as discussed in

SAND83=-1617, Sect. 4.3.3, page 40.)

A review of the data presented in these figures for the Fhase
I First DBA and Second DBA, and cf the data for the Phase II
First DBA and Second DBA, supports our conclusions reached on
the linearity of the terminal block IR vs. temperature
characteristic presented in the 1987 JCO. (APCo Exhibit 33).
As testified to previously, the JCO used an IR vs, temperature
characteristic plotted from Figure Al-2. based on the First

DBA.

As the temperature axis on the SAND83-1617 Box and Whisker
plots is following the environmental temperature profiles of
each consecutive test LBA, and indicating the test temperature
where the data was reccorded, it is not to scale. I have re-
plottad the IR vs. temperature data contained on these figures
for the States and GE terminal blocks using the median, upper
quartile, and lower quartile IR data for temperature as
documented in the five~number summary tables for each
applicable terminal block. Unlike the Sandia report, I also
used a linear temperature scale on the temperature axis of

each figure. (Plotting the SAND83~1617 data in this format
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was only performed to assist in the realization that the
. States and GE terminal block IR vs. temperature is not non-
linear as 0U.. Jacobus has in the past contended and is still

suggesting.)

Figure IR-1, which I have included in this testimony for the
States ZWM terminal block, was based on the Phase I First DBA
and Second DBA data contained on Page 138, TABLE Al-2c¢, and
Page 139, TABLE Al-2d, of SAND83-1617 ~-- for terminal block
6(TB6). Figure IR-1, Plot (A), is for IR vs, temperature of
the First DBA cooldown from 172°'C to 95°'C, and uses the
available IR data as documented at 172'C and 95°C., Plot (B)
is for IR vs. temperature of the Second DBA ccoldown and uses
’ the available data as documented at 172°C, 161°'C, 150°C,
1¢2°'C, anQd 105°C. Both Plot (A) and Plot (B) were made by

drawing a line through the median data points.

igure IR-2, which I have included in this testimony for the
GE CR-151B terminal blocks, was based on the Phase I First DBA
and Second DBA data also contained on Page 138, TABLE Al-2c,
and Page 139, TABLE Al-2d, of SAND83-1617 =-=- but for terminal
block 5 (TBS). Plot (A) depicts the IR vs. temperature of the
First DBA cooldown from 172°C to 95°C, and uses the available
IR data as documented at 172°C and 95°'C. Plot (B) depicts the
IR vs. temperature of the Second DBA cooldown and uses the

available data as documented at 172°'C, 161°'C, 150'C, 122°C and

. -166=
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105°C. Plot (A) and (B) were made by drawing a line through

the median data points.

Figure IR-3, which I have included in this testimony is for
the GE EB-25 terminal block, and contains four plots of IR vs.
temperature. Plot (A) and Plot (B) are based on the Phase II
(2) First DBA and Second DBA data contained on Page 174, TABLE
Al-Se, and Page 175, TABLE Al~S5f, of SANDEI-1617 =-- for
terminal block 9(TB9). Plot (A) shows the IR vs. temperature
of the Phase II First DBA cooldown from 175°C to 95'C using
the documented IR data at 175°'C and 95°'C. Plot (B) shows the
IR vs. tzmperature of the Phase II Second DBA cooldcwn and
uses the available data as documented at 175°C, 161°C and
$5°C, Plot (C) and Plot (D) are based on the Phase I First
DBA and Second DBA data contained on Page 136, TABLE Al-2a,
and Page 137, TABLE Al-2b, of SAND83-1617 for terminal block
1(TBl)., Plot (C) shows the IR vs. temperature of the Phase I
First DBA cooldown from 172°'C to 95°C, and uses the available
IR data as documented for these temperatures. Plot (D) shows
the IR vs. temperature of the Phase I Second DBA cooldown and
uses the available data as documented at 172°'C, 161°'C, 150°C,
122*C, and 105°'C. Plots (A), (B), (L), and (D) were all made

by drawing a line through the median data points.
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Q107.

can you illustrate your conclusions based on this data?

(Love) Yes. A review of the IR vs. temperature plots
contained in Figures IR-1, IR-2, and IR~) clearly shows that
the data documented in SAND83-1617 demonstrates a terminal
block IR vs., temperature characteristic which is linear when
plotted on a semi-iog scale for the cooldown pericd of each
simulated DBA. More significantly, it demonstrates this
characteristic for each terminal block using multiple media
data points available from the Sandia Phase I and Phase II
Second DBAs. (The only arex of n..~linearity is for Phase I,
Second DBA, G: terminal block tests, Plot (B) of Figures IR-2

and Plot (D) of Figure IR-3 ~-- between 172°C and 161°C.)

From this, what conclusions can we draw regarding sStaff
Exhibits 50 and 51 in which Dr. Jaccbus has plotted IR vs,

temperature?

(Love) The non-linear plots by Dr. Jaccbus, because of the
way they are rased on the Sandia data, are not representative
of the terminal block performance which was demonstrated in
the Sandia testing. The Alabama Power Company plot for the GE
EB25 block (based on the Sandia data) utilized in the
November 24, 1987 JCO (APCo Exhibit 59) is actually a more

representative curve.
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Q104.

Thz IR vs. temperature plot of the SAND83-1617 data is linear,

as shown in Figures IR-1, IR-2, and IR-3, for the temperatures
of concern. Is there any other information in SAND83-1617
which also indicates that IR is linear with respect to

temperature?

(Love) Yes. In the temperature ranges of significance to the
Farley instrumentation terminal blocks, Figure 26 on page 48
of SAND83-1617 (Staff Exhibit 73) shows a linear zhange in IR
vs. temperature during the cooldown periocds between
temperature plateaus. Also, as discussed above, Figure 8=3 on
page 85 of NUREG/CR-13691 (Staff Exhibit 74) indicates a linear
response of the terminal block IR for the transmitter circuit
during cooldown. These are yet further indications ¢f how the
Sandia data could not pessibly suppert a position that our

1987 analysis was in error.

In NRC Staff Exhibits 50 and 51, Dr. Jacobus has also shown
graphically a plot taken from a GE Test Report. He shows tha*
IR of the terminal blocks at temperatures from 260°‘F = 340°F
would be a constant value of 2E4 ohms. He reiterates this
conclusion in his Rebuttal Testimony at page 35, drawing data
from a November 6, 19734 GE Test Report. Would you care to

comment on this?
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.

(Love) Yes, I would. The November 6, 1973 GE Test Report was
included in a 1984 similarity analysis demonstrating
similarity between States ZWM and NT terminal blocks (not an
issue here, as discussed in my Direct Testimony, Q/A 85, at
page 97). The IR data in this report was not used as a
qualification basis for terminal blocks in instrument
circuits. It also was not the qualification report relied
upon for overall qualification of GE CR~151B terminal blocks
at Farley Nuclear Plant. (That gqualificatinn report was AFCc

Exhibit 58).

In this GE test referred to by Dr. Jaccbus, the terminal
blocks were subjected to elevated temperatures, 260°F = [40°F,
for approximately ten days. The profile consisted of five
temperature plateaus non-representative of the Farley DBA
profile, and involved subjecting the terminal blocks to
significantly elevated temperatures for long pericds of time.
This profile could have resulted (and apparently did result)
in degradation of the test terminal blocks, reducing their IR
vs. temperature capabilities. In any event, the results of
this testing are not in agreement with the results indicated
for the GE CR-151B and States NT/ZWM terminal blocks as

documented in SAND83~-1617.

Putting the 1973 GE report aside, and returning to your

earlier conclusicns, what is the significance of the linear IR
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vs. temperature characteristic of the States and GE terminal

. blocks?

A. (Love) Characterization of the terminal blocks IR dependency
on temperature during simulated DBAs permits the use of this
characteristic in evaluating the ability of the terminal
biocks to meet the required instrument circuit functions

during plant specific postulated design basis evernts.

Q1lcCe, You mentiored above that the second step of your logic weuld
be to ve-look at the Farley-specific DBAs in order to show
when the instrument loops were required to operate. let's
move on to this point. For starters, please explain the

t. Farley-specific postulated design basis events which cCreate
the worst case environmental conditions, including

temperature, inside the containment building?

A (Love) As described in the FSAR, these worst case postulated
design basis events (accidents) are large break LOCA and large

break MSLB.

Q1l07. Does the containment temperature remain constant during a

postulated large break LOCA or large break MSLB?

A. (Love) Definitely not. The temperature vs. time response of

the containment to a large break LOCA has been shown in my
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Direct Testimony (Figure 13). In the JCO presented in the
November 1987 meeting with the Staff in Atlanta, the
temperature vs, time response of the containment was depicted
using a composite of the worst case LOCA/MSLE containment
-@ Jerature curve. (APCo Exhibit 59, Attacihment 2, Bates
0064097). For the sake of clarity and continuity in this
testimony, 1 have included another cocpy for the LOCA
Containment Temperature Profile marked as Figure 3, and have
also included a copy of the MSLB Containment Temperature
Profile, Figure 4, which shows the temperature vs. tinme
response of the rcountainment to the postulated large break
MSLB. I will refer to the signrnificance of the markings I have

made ¢on these curves below.
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Q109.

A.

mitigation actions being accomplished based cn required

instrumentation functions.

Having established the length of time or period of tirme during
each event that the instrumentation function is required, and
the corresponding temperatures for that time period from the
event profile, the significance of the ins%rument loop
accuracy effect of the terrinal blocks on the required
instrumentation function can be evaluated based on the IR ve.
temperature characteristic of the terminal blocks over une

required functional temperature range.

Can you be more specific with regard to the instrumentation
loops required for mitigation of each of the applicable design
basis events, and the length of time as well as the
corresponding temperature range in each event when they are

required to function?

(Love) Yes. 1 have already provided testimeny (Direct
Testimony, Q/A 110 at pages 120-21) for the large break LOCA,
but I will expand upon my previous testimony regarding this

event.

I have marked the copy of the LOCA Containment Temperature
Pryfile included in th's testimony as Figure 3, to show the

portion of the pro le where the automatic RPS/ESFAS
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Next, I will discuss the large break MSLB. for this
postulated pipe break on the secondary side of the stean
generators, the required RPS/ESFAS instrument loops located
inside the containment have accomplished their automatic
accident mitigation functions by 60 se onds from large break
initiation. As can be seen from tr. zarkings I have made on
the copy of the MSLB Containment Temperature Profile,
Figure 4, this action is initiated before reaching 310'F and
also before reaching the peak MSLB temperature of 378'F. For
this postulated event, as with the large break LOCA, the
containment wide range pressure loops initiate containment
sprays and have no terminal blocks located inside the
containmert building. No manual operator action is regquired
for this event until termination of safety injection which is
executed at 250 seconds after break occurrence when the
corresponding containment temperature has cooled down to
240°'F. The in-containment instrumentation loops used for this
manual action are RCS wide range pressure and pressurizer

level.

After safety injection termination, a controlled RCS cocldown
to safe shutdowr will be initiated. It is during this portion
of the event that post-accident monitoring instrumentation
(primarily RCS sub-cooling, wide range RCS pressure, and
narrow range steam generator water level) will be utilized.

This * tion of the event profile, Figure 4, starts at
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approximately 400 seconds after event initiation when the
containment temperature is 260°'F. During “he “est of the

cooldown, the containment temperature continues to decrease,

It should be noted that in the November 1987 JCO (APCo Exhibit
59), safety injection termination following a large secondary
break MSLB was conservatively marked on the Composite
LOCA/MSLB Containment Temperature Envelope, Attachment 2,
Bates 0064097, at 296'F. However, as 1 have testified above,
using the actual event specific MSLB profile, Figure 4, the
safety injection termination is not required until containment

temperature returns to 240°F.

Let's turn now to the third step of ysur logic cutlined above.
Referring now to the terminul bleck IR vs. temperature
characteristic demorstrated by the SANDB83I-1617 data (Figure
TR-3), what is the indicated terminal bleck IR which would
exist when the manual operator actions are required for each

design basis event?

(Love) For the large break LOCA discussed above, the required
manual operator action is initiated when the containment
temperature has cooled down to approximately 170°F. The

corresponding IR value for this temperature taken from Plot

(A) of Figure IR-3 would be greater than 2,23E8 ohms.




Q111.

For the large break MSLB the required manual operator action
is initiated when the containment temperatura has cooled to
2.0'F. Again using Figure IR-3, the corresponding IR value
for this temperature taken from Plot (A) would be 1.8E7 ohms.

During the post-accident monitoring phase of the MSLB accident
recovery, the highest containment temperature is 260°F. Based
on Figure IR-3, the corresponding IR value for this

temperature is approximately 8.0E6 ohms.

ey® 14 4 uynificance of these terminal block IR values?

(Love) uJontrary to the corclusicns reiched and presented by
Dr. Jacobus during and following the 1987 EQ inspection, these
valucs of IR, which were determined from the available SANDS]-
1617 documented test data, support the value of 1E7 chms used

in our 1987 Westinghouse setpoint calculations,

I want to be clear on another point. 1 do not bilieve this
analysis of the SAND83-1617 data was necessary for
qualification of our terminal blocks. T have gone through
this data here simply to illustrate how Dr. Jacobus is in
error in his testimony, The fact is, our 1987 approach, based
on data from the CONAX report, yielded very similar IR data
and was an equally valid approacl. to addressing terminal bleck

instrument accuracy effects.
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Ql16.

the containment temperature conditions when the instrument
terninal blocks would be required to perform thelir safety
functions. (Again, this assumes that the terminal block would
be capable of surviving and recovering from the design basis
event temperature conditions which would exist when no safety«
related functions were required.) The NRC Staff has
acknowledged in their Rebuttal Testimony (Q/A 17, at page 24)
that the established performance specification for the

qualification of instrument terminal blocks was 5ES ohms,

In this light, were the GE and States terminal blocks at issue
qualified during and following the November 1987 NRC

Inspection?

(Love) Yes, because all containment temperatures at times
when the instruments were required to operate were less than

309.2°F.

As you mentiored above, the NRC Staff has finally acknowledged
that the 1987 performance specification for the instrument
terminal blocks is SES5 ohms. Nonetheless, what is the
significance to the rest of the Staff's arguments that the GE
and States terminal blocks were not qualified even at peak-

LOCA/HELB temperatures?
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forming on a terminal block will result in a significant
reduction in the block IR regardless of the temperature of the
block. This is ridiculous and totally unsupportable by the

results of SANDEI~-1617.

SAND83-1617 clearly indicates that the IR is temperature-
dependent. Breathing on a cold terminal block may result in
a moisture film on the block, but will not result in
significant IR reduction. There is no data in SAND83I-1617
which would indicate that a moisture film =-- without the

presence of significant temperature -- is a valid concern.

Again in the same Q/A, this time on page 44, Dr. Jacobus picks
up on the figure of 5 minutes from Attachrent 2 to the JCO
(APCo Exhibit 59), a letter from Westinghouse. Has he drawn

a proper conclusion?

(Love) No. The Staff refers to Attachment 2 to the JCO (APCO
Exhibit 59) indicating that, 5 minutes into the event, the
LOCA conditions have already passed the peak temperature. The
reference to 5 minutes in the Westinghouse portion of the JCO
is to the length of time regquired after event occurrence for
small break LOCAs and small break MSLBs. As these small break
events «o not result in the warst-case design basis
containment accident profile, including temperature, they are

not the basis for gqualification. Small break LOCAs and MSLBEs
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result in less severe accident transients and will not yield
the containment peak temperatuves or profiles indicated by

Figures 3 and 4.

E. Miscellaneous

To wrap up this aspect of the topic, I want to turn to a few
additional miscellaneous aspects of the Staff's Rebuttal
Testimony. First, in Q/A 28, at pages 36«27, Mr. Jaccbus
infers that we should have used the Phase I SAND8)-1617 test
data for the GE CR 151B and States ZWM terminal blocks in the

JCO. Do you concur?

(Love) No. The basis for not using the Phase 1 data was
explained in Attachment 1 of the JCO (APCo Exhibit 59, Bates
0064086-0064089), and was also verbally presented by me in
great detail at the November 25, 1987 meeting in Atlanta. It
was, and still is, our position that the SAND83~1617 Phase II
First DBA test data for the GE EB-25 terminal blocks was
correctly applied and Jjustifies our 1987 approach to

instrument terminal block functional gqualification.

The Phase I testiny yielded lower (or more conservative) IR
results than the Phase II testing., However, this data was
overly conservative and not realistic for the Farley-specific

applications. Rather than repeating all of the reasons again,
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Q123.

Q124.

applications of the terminal block in instrumentation
circuits, the terminal block could be qualified for post-peak

conditions.

Dr. Jacobus, in his Rebuttal Testimony (Q/A 5, at page 6), is
taking credit for clearly and conclusively demonstrating in
the November 1987 meeting that IR was not related ¢to

temperature as indicated in the JCO. Do you agree?

(Love, Jones) No. This simply does not reflect what
occurred. In his Rebuttal Testimony, Dr. Jacobus also implies
that this was the reason that Alabama Power Company planned to
replace the instrument terminal blocks. (Please refer to
Sections I, II and IIl of the JCO (APCo Exhibit 59)). As is
clear therein, Alabama Power Company chose to replace the
terminal blocks to remove the point of contentioen, because the

Staff could not understand, or would not accept, ocur approach.

F. Similarity Evaluation Arguments

Another topic of the Rebuttal Testimony is the analysis of
similarity between the Connectron NSS-J) block tested by CONAX
and the States and GE terminal blocks at issue. (See Rebuttal

Testimony, Q/A 20-25, at page 27-32.) Are you familiar with
this similarity evaluation?
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(Love) Yes. We developed a documented similarity evaluation
of the terminal blocks to support our 1987 approach to the
instrument accuracy issue. It was included in EQ Action Items
018 and 067. (APCo Exhibit 52). We digcussed it in our

Direct Testimony, pages 114-15.

One of the differences between the Connectron block and the
GE/States blocks that you addressed in Direct Testimony was
material differences between the blocks, Why did ycu address

this?

(Love) Dr. Jacobus offers curious testimony on this point,
He disavows knowledge of alleged material differences.
However, we only addressed this point because the Staff raised
it in their own Order impesing the civil penalty. (Staff
Exhibit 3, Appendix A, at page 25)., I gather from this that

Dr. Jacobus never read or supported the Order.

In any event, material differences should not be important to
Dr. Jacobus. The block material, according to Dr. Jacobus, is
irrelevant to leakage currents due to the predominant effect
of icnic conduction in the exterior moisture film (a theory
and hypothesis he supports for terminal blocks). (Rebuttal
Testimony, Q/A 22, page 29).
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The major problem Dr. Jacobus seems to be standing by now
regarding the similarity evaluation is the issue of spatial
separation between the pcles of the terminal blocks. Can you

address his Rebuttal Testimony on this point?

(Love) Yes. Dr. Jacobus asserts that we "did not consider
. + « that the step design [of the Connectron NS§S-1)
effectively increases the distance Dbetween adjacen

terminals." We cectainly did consider this factor and
concluded that it was not significant for the blocks at issue.
(See Direct Testimony at page 115). The basis for my
conclusion was that the spatial separation == including beth
the horizontal and vertical separation == is simply not very

different for these terminal blocks,

Or. Jacobus uses an extreme example of a terminal block with
a one foot vertical step between poles. wWhile this |is
effective to illustrate a theoretical peint, it has no bearing
on our terminal blocks. The dimensions of the blocks at issue
are significantly smaller than Dr. Jacobus's example, and all
are effectively rimilar notwithstanding the step design of the

Connectron NSS-3.

In the similarity analysis which I prepared to compare the
Connectron NSS-~3 terminal blocks to the other plant-specific

terminal blocks, including States ZWM/NT and GE CR-151B blocks
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(APCo Exhibit 52), I prepared a table, on page 3 of 4, showing
the center-to-center pole spacing of each block and other

‘levant hysical factors., 1In this table for the Connectron
biock, I indicated the center-to-center spacing as 0.320
inc..es, which is the correct dimension from a plan view., Also
included in the similarity analysis was Attachment 3, which
provided electrical, dimensional, and phy.ical information for
the Connectron block. All of this information supported my
conclusion that the three types of blocks at issue were

similar.

To address Dr. Jacobus's testimony here, I will wuse
dimensional infornmation from the similarity analysis and
explain why the step arrangement is of no significance.
Figure 5 is a diagram which depicts the Connectron N§5-) block
in plan and end views. The spacings are shown, considering
both horizontal and vertical dimensicns., The vertical spacing

of the steps is not one foot, but approximately 0.50 inches.
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Qlas.,

their perforsance is very similar, with the States block being
superior to the GE block. A review of the IR vs. temperature
plecs for the Phase I, First DBA and Second DBA as shown ot
Figures IR-1, IR~2, and IR~ show this performance similarity.
Also, for the specific design basis event temperatures where
performance is important, similarity between the Connectron
terminal block IR (1E7 ohms) and the GE terminal block IR was

demonstrated in preceeding testimony.

G. Mr. DiBenedetto's Testimony

Mr. DiBenedrtto, have you read the Rebuttal Testimony of Dr.
Jacobus and Mr. Luehman with respect to the Staff's ccncerns

on terminal blocks? What, if any, comments do you have?

(DiBenedetto) Yes, I have read the referenced testimony. 1
have many comments and opinions relating to the new testimony.
However, rather than address the testimony point by point, I
think it is more relevant and beneficial to describe the
circumstances relating to the use of terminal blocks in the
Farley Nuclear Plant instrument circuits and how qualification

for the intended functicn is attained and concluded.

First, statements made by Dr. Jacobus allude to an assertion
that Alabunl Power <Comtany never identified at what

temperaturss the hlockx would operate. The Company's position
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that the blocks would perform their 'ntended function prior to
exposure to the design basis event simply indicates that their
function is completed during their normal operating
temperature environmental range (typically 80 - 140'F). The
Reactor Protection Jystem is designed to monitor critical
parameters of reactor operation (i.e., pressurizer level,
reactor water level, containment pressure, steam generator
water level, etc.) all of which sense changes and are pre-set
jsafety limit setpoirts, trip setpoints. pump actuation, valve
clnasure, etc.) to perform a function when one or more of the
setpoints are sensed. The circuitry and logic is redundant
and complex and not an issue here. Upon sensing a rapidly
changing paramete: (@.g., loss of level, increase in
containment pressure, increase in radiation, etc.), the logic
system initiates a protective (feature. The protective
features range from containment isolation to activation of
containment spray in the case of a LOCA, All of these acticns
occur within the first few seconds of the event, well before

the peak environments are reached.

Orn:e these actions have been accomplished, the terminal blocks
are not required, nor are the instruments. However, since t! 2
instruments and terminal blocks will experience exposure to
the "harsh" or elevated environments, assurance must be
provided that they will not fail in a manner detrimental to

the safety of the plant. Terminal bloacks have been tested

=203~






Q130.

the accident, the time they are required to function, their

accuracy remained within the specified band of 488,

puring long term cooling, defined as the operational pericd
where coolant injection has been terminated and switched to
coolant recirculation, post-accident conditions require
monitoring. This is a time .+ the accident scenario where
containment temperatures and pressures return to near normal
coiditions. Observations of terminal block behavior during
testing show that the blocks recover and very little leaskage
current is observed (@.g., insulaticn resistance values return
to near normal). The instruments associated with these
circuits have demonstrated, through testing, that they also
perform as intended within specified accuracy limits (l.€..
post-accident accuracy #25%). Functioning during peak LOCA
conditions is not required. The instruments and the terminal
blocks must not fail and must be capable of functioning in the
post-accident long term recovery period, These features have

been demonstrated.

Do you have a perspective on Dr. Jaccbus's use of a qualifying

temperature drawn from the SCEW sheet?

(DiBenedetto) Yes. He is avoiding the real issue here. The
SCEW sheet is not, contrary to statements by Dr. Jacobus, a

basis for the qualification of the equipment. It merely
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H. Conclusions

Do you have any additional conclusions on this issue?

(Love, Jones) Y . The NRC “ is basing a "clearly should
have known" finding on th. .ssue extensively == if not
completely == on IN 84-47, However, as discussed above, this
completely ignores the 1985 basis for qualification of
terminal blocks in instrument circuits at Farley Nuclear
Plant. That basis was documented (APCo Exhibit 20) and
accepted prior to the deadline =-- in full awareness of the
issues that were involved in IN 84-47. This is simply an
evolutionary issue we should not be debating today in the EQ

enforcement context.

As we have explained, the Staff's position today is taken 1n
coemplete disregard for both the technical and regulatory
context of this issue in 1984 and 1985. Dr. Jacobus and Mr.
Luehman simply weren't there. Nobody else from the NRC Staff
has even acknowledged reviewing the Sandia data post-deadline,

much less pre-deadline.

From our perspective, Dr. Jacobus, an NRC contractor, staked
out a singular position on the issue at the 1987 inspection,
As a result, we developed the JCO in the short time after the

inspection, before the November 25, 1987 meeting. However, he
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MR. REPKA: At this point, Your Honor, I would
like to introduce the physical evidence of the terminal
blocks at issue in this proceeding. I will go through these
one by one. There are several different makes and models.

The first exhibit number is APCo Exhibit 130, and
I'll ask that that be handed to Mr. love.

(Exhibit proffered to Witness Love.)

MR. REPKA: We have two ccpies, again, of each of

these.
BY MR. REPKA:
Q Mr. Love, can you tell me what that is?
A [Withess Love] Yes., 1It's a States Company IWM

terminal block.

Q And is that a fair and accurate representation of
the terminal blocks that -- the States terminal blocks =--
States ZWM terminal blocks, as they have been discussed in
your testimeony?

A [Witness Love] Yes, it is.

JUDGE BOLLWERK: All right.
At this point, let the record reflect that APCo
Exhikit 130 has been marked for identification.
[APCo Exhibit No. 130 was marked
for identification.]
MR. HOLLER: If I may, with the Board's

permigsion, perhaps it would be easier to present it to Mr.
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Love and our witness coul! just take guick loock at them, as
well. It might make it easier.

MR. REPKA: Dr. Jacobus, I'll have ycu look at the
same exhibit, what's been marked as licensee's Exhibit 130,
and I'11 ask you the same question. 1Is that a fair and
accurate representation of a States IWM terminal block?

WITNESS JACOBUS: Yes, it is.

BY MR. REPKA:

Q Mr. Love, the next terminal bleck I am handing you
has been marked as licensee's Exhibit 131. Could you
describe what that is?

A (Witness Love] Yes. This is a States Company NT
terminal block.

Q And is that a fair and accurate representation of
States NT blocks as discussed in your testimony?

A [Witness Love] Yes, it is.

MR. REPKA: And I'll ask again that the same block
be handed to Dr. Jacobus, or Dr. Jacobus, have you see that?
WITNESS JACOBUS: Yes, I've seen that one. I
agree that that is a States NT block.
JUDGE BOLLWERK: Let the record reflect that APCo
Exhibit 131 has been marked for identification.
(APCo Exhibit No. 131 was marked
for identification.]

MR. REPKA: Okay.
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Our next number, obviously, is license2's Exhibi®
132.
BY MR. REPKA:
Q Mr. love, I am handing you what's been marked as
licensee's Exhibit 132. Could you explain what that is?
A (Witness Love) Yes. This is a General Electric
CR-151B terminal block.
Q And that's a fair and accurate representation of
the GE CR-151B as that is discussed in your testimony.
A (Witness Love) Yes, it is.
MR. REPKA: Dr. Jrcobus, is that --
WITNESS JACOBUS: I agree that's a CR-151B block.
I ar not sure if that is the only CR~151 type of block that
was used in the Farley plant.
WITNESS LOVE: 1I'm not sure I understand the
question., 1Is it relation to B's or D's?
WITNESS JACOBUS: Yes.
WITNESS ILOVE: CR~151B's were the terminal blocks
used at Farley nuclear plant.
WI'I'NESS JACOBUS: But there were D's used
elsewhere?
WITNESS LOVE: No, not to my knowledge, but
instrument circuits, I am certain they were used.
MR. REPKA: Let me just get this straight.

BY MR. REPKA:
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base material.

WITNESS JACOBUS: I nhave no knowledge of precisely
what was tested, but I do agree that that is currently what
Connectron sells, is an NSS-3 block.

BY MR. REPKA:

Q And Mr. Love, that, I understand, is a recently~-
purchased NSS-31 Connectron block.
A [Witness Love) That is correct.

JUDGE BOLLWZRK: All right.

Let the record reflect that APCo Exhibit 134 has
been marked for identification.

(APCo Exhibit No. 134 was marked
for identlification.]

MR. REPKA: With that, Alabama Power Company moves
the admission of licensee's Exhibit 130, 131, 132, 133, and
134 into evidence.

MR. HOLLER: The staff does not object to these
exhibits being moved into evidence, sir, but I would ask if
it might be helpful to this proceeding if we perhaps
rectified the question that came up in the identification of
the blocks that were employed.

To make things clear, we have no objection to
moving these exhibits into evidence.

JUDGE BOLLWERK: All right.

MR. REPKA: 1I'll just add that there is no issue

ANN RILEY & ASSOCIATES, Ltd.
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MR. REPKA: No objection to that.

[Pause.)

MR. HOLLER: Let me pass Mr. Repka a copy. 1It's
the only one I have. The witness is directed to Bates page
004242 in that particular document.

[Pause. )

WITNESS LOVE: The CR~151D terminal blocks
addressed here appear to be ~- and I believe this is
accurate, that they are in control of low-voltage power
circuits not on instrument circuits.

I'm not saying there are no CR-151D terminal
blocks in Farley nuclear plant. I'm say.ng that the ones at
issue here for instrumentation circuits are CR-151B's.

MR. HOLLER: Yes, sir, that's what we're
interested in.

BY MR. HOLLER:

Q So, it is your testimony that the blocks employed
in the instrumentation circuits were limited to CR-151B's.
A [Witness Love] Yes, that is my testimony.

MR. HOLLER: I would just if Dr. Jacobus has any
comments in regard to that.

WITNESS JACOBUS: I obviously have no way to prove
or disprove that statement.

MR. HOLLER: Yes, sir.

As I explained to the Board -~ I thank you for the
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indulgence -~ it was so we were clear on that issue,

JUDGE BOLLWERK: Thank you. I think that's very
prudent.

Anything else with respect to the exhibits, then?

MR. REPKA: Nothing else with respect to exhibits.

MR. HOLLER: No other guestions on that.

JUDGE BOLLWERK: I guess we're ready for cross
examination then.

CROSS EXAMINATION

BY MR. REPKA:

Q Dr. Jacobus, your first review of the use of
terminal blocks in instrument circuits in Farley nuclear
plant was in 1987. 1Is that correct?

A (Witness Jacobus] That is correct.

Q At that time, I take it you reviewed, among other
things, what has been marked as APCo Exhibit 52 in this
proceeding, and that is the response tc¢ EQ action item 018
and 067, terminal blocks/loop accuracy?

A (Witness Jacobus) That is correct.

Q And that's the discussion of the use of CONAX test
report IPS-107. 1Is that correct?

A [Witness Jacobus) Yes, it is.

Q And the value there used for that report, the
analysis done at that time, by Alabama Power Company, used

an insulation resistance value of 1E7. 1Is that correct?

ANN RILEY & ASSOCIATES, Ltd.
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Q Sitting here today, can you tell me whether you

have any knowledge of whether loop accuracy calculations for
Farley nuclear plant changed between 1984 and 19877

A [Witness Jacobus)] I certainly believe that the
loop accuracy calculations did change.

Q Would those changes have included -~ those
changes, I take it, would have involved the value of
insulation resistance for terminal blocks.

A (Witness Jaccbus] I am not aware of wh~t actually
happened, precisely. According to Alabama Power, it, of
course, did include that. I don't believe that that should
have been required to be done had it been done properly the
first time.

Q Okay. But it also included other changes, also,
to loop accuracy calculations.

A (Witness Jacobus] That is correct.

Q So, the loop accuracy calculations involved a
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number of evolving things.

A (Witness Jacobus) That is correct, to the best of
my knowledge.

Q So, the 1987 calculations clearly were distinct
from the 1984 calculaticns.

A (Witness Jacobus] They were different.

MR. HOLLER: 1 was going to ask you to clarify
which calculations you're referring to, sir, for tha
witness. If the witness understands it, that's fine.

WITNESS JACOBUS: I understood.

BY MR. REPKA:

Q Just so that we're all clear here, I would like to
refer you to a copy of 10 CFR, section $0.49. Do you have a
copy of that?

A [Witness Jacobus] I don't have that with me av
this point. I am fully familiar with it. If you read it, I
shouid recognize it,

Q Section 50.49(b) includes a list of electrical
equipment important to safety covered by this section. Are
you familiar with that list of equipment?

A [Witness Jaccbus] Yes, I am.

Q And number one is safety-related equipment.

Number two is non-safety-related electric equipment, failure
under certain circumstances, etcetera, and number three is

certain post-accident monitoring equipment. Are you
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familiar with that?

A (Witness Jacobus) I am familiar with that, yes.

Q Ckay.

In subparagraph 3, the certain post-accident
monitoring equipment, is it your understanding that that
includes Regulatory Guide 1.97 post-accident monitoring
instrumertation?

A (Witness Jacobus) My understanding is that that's
particularly what that section refers to.

Q And is that what we're here talking about today in
terms of the terminal blocks and instrument circuits at
Farley nuclear plant?

A (Witness Jacobus] I don't believe that it is only
that.

Q Okay.

There is other equipment, other than post-accident
monitoring eguipment, invelved here.

A [(Witness Jacobus] To the best of my knowledge,
that's correct. That's what the Alabama Power testiiony
says.

MR. REPKA: Mr. Jones, let me ask you to respond
tc that., Are we talking about equipment other than post-
accident monitoring equipment?

WITNESS JONES: Well, we're talking about, in

addition. reactor protection system equipment, but you know,
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our position is that equipment performs its function very
early in the accident, prior to seeing the harsh
environment.

So, essentially what we're discussing here and
what is at issue is post-accident monitoring equipment.

MR. REPKA: Thank you.

JUDGE CARPENTER: Mr. Repka, if I may, you and the
staff witnesses are so close, you could almost speak without

the microphones. I'm having some trouble hearing what's

going on.
MR. REPKA: 1'll do my best.
WITNESS JACOBUS: Both of us or just him?
JUDGE CARPENTER: Primarily him. I can lip-read
you,
[Laughter. ]
BY MR, REPKA:
Q Mr. Luehman, in your testimony on this issue, you

have repeatedly taken the position that Alabama Power
clearly should have known of this issue because of
Information Notice 84-47. Is that correct?

A (Witness Luehman) That's correct.

Q Is it your testimony that replacing the terminal
slocks in the instrument circuits was the only viable
response of a licensee to Information Notice 84-477

A (Witness Luehman] No, it is not.
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Q Have you any == could you help us cut here, and
could you explain for me any reason, as you understand it,
why a prudent licensee would want “o leave the terminal
blocks in the instrument circuits?

Do v~ Luve o, knowledge of such == of
considerations that may be relevant to that decision?

MR. HOLLER: Does the witness understand the
question?

WITNESS LUEHMAN: No, I don't,

MR. REPKA: Let me try it another way.

BY MR. REPKA:

Q Could you tell me any reason that you're aware of
or that you can think of today why a licensee may want to
leave terminal blocks in the instrument circuits, as opposed
to replacing them with Raychem splices or scme othe: splice?

A (Witness Luehman] If they can demonstrate that
the terminal blocks can perform the function, then there is
no reason to replace them.

Q Other tnan that, you can think of no cther reason
why they might want to attempt to make such a demonstration.

A (Witness Jacobus] Would you like me to respond to
that?

Q I'd like Mr. Luehman to try first.

A (Witness Luehman) Well, I think, like I said, if

the -- if the terminal blocks can perform the functicn that
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there and do it, the exposure to the people having to do it
-= those are the reasons that pop right into my mind.

Q 8o, there are valid operational reasons for
leaving a terminal block in an instrument circuit it you can
show it's qualified.

A [Witness Jacobus)] Absolutely.

WITNESS JONES: 1'd just like to agree with Dr.
Jacobus.

. think it's very importa.t to take in those
factors and considerations when evaluating replacing
anything in the plant, and they can't be taken lightly and
must be evaluated thoroughly, which is what Alabama Power
Company did in making the determination that it made.

BY MR. REPKA:

Q Wwith that, let me move forward in time to 1987 and
your review of the approach taken by Alabama Power Company
with respect to terminal blocks. Specifically now I'm
referring to wha“ has been marked as APCc Exhibit 52, and
that's the EQ action items, which was the analysis
addressing the CONAX data from Connection NSS-3 terminal
block.

A [Witness Jacobus] Okay.

Q And you did review this document during the
review?

A [Witness Jacobus]) Yes, I did.
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Q APCo 59.
A (Witness Jacobus) Yes, I do.
Q Let me ask you to turn to Figure 1, which is Bates
nimber 0064083,
A {Witness Jacobus] My copy, unfortunate.y, does
not have Bates numbers, but I believe that's the terminal

block insulation versus temperature plot.

< That's correct.

A Witness Jacobus) Okay.

Q Was that figure discussed at the meeting?

A [Witness Jacobus) Yes, it was.

Q Do you remember any discussion of the basis for

that curve at the meeting?

A (Witness Jacobus] Yes, I 4

Q I take it you disagreed with the curve and the
shape of the curve?

A (Witness Jacobus) Yes, I did.

Q But did you “ave any confusion as to what the
basis for that curve was?

A rWwitness Jacobus] In terms of the fact that it
was based on the two endpoint values of insulation
resistance in the Sandia test for a rarticular terminal
block. I understood that perfectly.

Q And did you also understand that the two endpoints

were taken from the first ~- what's been referred as the
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first DBEA of the Phase 2 Sandia testing?

A (Witness Jacobus) Yes, I did.

Q In the February hearings in this proceeding -~ I'n
referring to transcript page 768 -~ you were asked a
question by Judge Carpenter regarding the shape of this
curve, and one of your res,onses ~-- transcript, 768 == Judge
Carpenter asked you, "Ii, presenting this data to you and to
the NRC, did Alabama Power indicate that they had ignored
the Jata at the intervening temperatures®" Your response
aws, "They didn't explicitly state that, hut, of course, all
they showed was the endpoint data. 8o all you can assume is
that they didn't consider the remaining data."

A (Witness Jacobus) Okay. 1I'm not with you yet,
but I assume you've read it correctly.

Q Okay. 8o your testimony at that time was that
Alabama Power Company did not consider the remaining data.
Were you referring to the remaining data from the first DBA
of the Phase 2 testing?

(Witness Jacobus]) No, I was referring to the
remaining data in the test report.

Q Okay. So is it your testimony that yr: perfectly
understood the basis for that curve, including the
endpoints, but it was your position that Alabama Power
Company ignored the remaining data from other DBAs within
that Phase 2 testing?
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can't refer to it.

MR. HOLLER: If Dr. Jacobus could identify the
title, perhaps we could help the Board and give them the
corresponding Bates numbers.

WITNESS JACOBUS: APCO 59 {s the exhibit number.

MR, HOLLER: But the title of Attachment 1, just
S0 we make sure.

WITNESS JACOBUS: The title of Attachment 1 is
Additional Clarification Regarding the Qualification of
States NT/2ZWM and GECR151B Ter. inal Blocks at Farley Nuclear
P ant Units 1 and 2 and Low Voltage RPS/ESFAS and ERP
Transmitter and KTD Circuits.

MR. HOLLER: For the record, that wouli be Bates
No. 0064084.

WITNESS JACOBUS: Do you want to give me a copy
with the numbers on it?

MR. BACHMANN:® Yes.

WITNESS JACOB.3: I believe what I would refer to
is Bates 64088, There it talks about the electrical
configuration of the Phase I test, and Alabama Power's
stated basis for not using that data.

BY MR. REPKA:

S0 you were aware of that stated basis?

[Witness Jacohus) Yes, I was.

Q And that was explained to you at the meeting in
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November of 19877

A (Witness Jacobus) Yes, it was, and I did not
agree with it.

Q But you were aware that there was a hasis?

A (Witness Jacobus] Yes,

Q When you referred to th attachment, you said you
weren't sure you got it at some time subsequent. Can you
fix that . little more cliosely in time, and are we talking
November?

A (Witness Jacobus) I got it November 24th at 10:50
a.m,

Q That helps immensely.

A [Witness Jaccbus) Actually, I may have gotten it
November 2%5th at 8:34 a.m. It looks like it was originally
faxed to somebocdy November 24th at 10:50, and then prcbably
to me on 11/25 at 8:34.

Q But there was documented ratiocnale for why Alabanma
Power Company drew the curve the way it drew it, based on
for why they used the data they used?

A [Witness Jacobus) To a certain extent, yes.

Q You didn't agree with it?

A (Witness Jacobus] Yes, I will accept that.

Q You referred particularly to the so-called
"gserpentine connection" in the Phase I data, is that

correct?
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I have brought with me some data that I was able
to dig up that shows the actual exact temperature profiles,
if you wish to see that, and allow =~

Q I have no desire to see that.

MR. HOLLER: 1If Dr. Jacobus needs it for his
ansver.

MR. REPKA: I am not sure that is really germane
to my guestion.

WITNESS JACOBUS: Your question was, was there
degradation, and one of the things that tends to imply that
there was degradation is locking at the straight line drawn
between the tvo end poirts from the first ==

Let's use the surrebuttal testimeny of Alabama
Powe:, and it will become somewhat more clear. If you turn
to what Mr. Love has referred to as Figure IR-] on page 170
of his surrebuttal testimony, I think the explanation will
become somewhat more clear.

MR. REPKA: I'm with you.

WITNESS JACOBUS: If we look at plots A and B on
that page, plot A is the first -- what has been referred to
as DBA -~ we'll use that termineclogy =~ and plot B, which is
the second DBA, it would appear that, going from plot A to
plot B, the terminal block performance has degraded.

However, if you look at the actual temperatura at

which the right end point of plot A was taken at, you will
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find that the temperatures in the test chamber fell down as
low as 72 degrees C when that data was taken.

In plot B, the right end point was taken at
temperatures between 90 and 100 degrees C, it would appear.
BY MR. REPKA:

Q It would appear from what?

A (Witness Jaccbus) T[From actual plots of the
temperatures that were taken during the test.

Q Published plots?

A [Witness Jacobus) Not published plots.

Q Data available to Alabama Power Company?

A (Witness Jacobus] No. But it is =~ it is
incumbent upon Alabama Power Company, if they're going to
use data out of a test report, to know completely the source
of that data, what it means, how it was taken, and what its
uses are.

Q I'l1l submit to you that Alabama Power Company is
not using the data from the Sandia report to gualify its
equipment,

A (Witness Jacobus) You're the one who is asking me
gquestions about that data, and your testimony is the one
that says that it shows that == that they will work.

Q Okay. Let me back up. My question to you was ==

JUDGE CARPENTER: Mr., Repka, if I could interrupt,
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you know, you all are jumping from document to document
Please be merciful. Let the Board catch up with you. Which
page are you looking at?

MR. REPKA: I believe Dr. Jaccbus is looking at
page 170 of the surrebuttal testimony. That's a figure that
has been labeled as IR-3, insulation resistance versus
temperature.

JUDGE CARPENTER: 1 have it now. Thank you.

BY MR, REPEA:

Q Dr. Jacobus, you were referring to the end points
that are shown on the plot between 100 degrees C and %0
degrees C, the right side of the plot, as it were?

A (Witness Jacobus) The data points at what's
identified here as 95 degrees C.

Q And you're telling me that the data points are
wrong, because they are not based on the real temperature.

A (Witness Jacobus) The real temperature during the
time that data was taken was not exclusively at 95 degrees
C.

Q And that real temperature was or was not available
to Alabama Power Company?

A (Witness Jacobus) That was not, the idea being,
in the test report, that 95 degrees C was chosen as the
temperature that would represent roughly what happens during

cooldown, and 9% degrees C, if you happen to know anything
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about Albuguerque, you would recognize that is roughly the
saturation temperature of steam at the ambient pressure in
Albugquerque, and that was chosen as a number to represent
"cooldown."

It was never intended to be used to draw straight-
line plots between -~ between data points. There was lots
of data at temperatures in betwaeen those points, and -~ and
there would be no need to draw that kind of a line.

MR. REPKA: Okay.

I'm going to Alabama Power Company and ask for a
respcnse to that.

WITNESS JONES: I just want to make sure I'm
¢lear, Dr. Jacobus. Are we stating here that the data in
the Sandia report is wrong?

WITNESS JACOBUS: The data is not wrong. The data
is taken -~ it's represented as a temperature of 95 degrees
C. 1If you're aware of qualification tests, you will know
that, when there is a cooldown between the two transients,
the temperature is no. controlled,

There is no effort te control that, and I think,
certainly, Mr, DiBenedetto is well aware of that fact,
Because there was a desire to know what happens in the cool=-
down portion of the test, Mr. Kraft chose a value of 95
degrees C to represent that,

WITNESS LOVE: I might just add that -~ I mean
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that's =~ I guess I'm very surprised in that the data is
recorded indicating a temperature and also indicates that
there were many, many data points at that -- at that value,
and that was the reason for drawing the whisker plot for
having the median point, the lower, and the upper guartile
point at that temperature.

S0, 1 am totally confused by this at this point.

WITNESS JACOBUS: The idea was never to take those
end points and draw a straight line. There was ample data
at interim temperatures that it was inconceivable that
somebody would -~ would do such a thing.

JUDGE CARPENTER: Let's go back to how we got
started on this, which is your comment, as I think I heard =~
- and I was also fumbling with papers.

The Sandia data do not demonstrate any degradation
of these phenolic/glass-filled blocks after they're exposed
to design basis accidents, harsh environments. There is no
suggestion of that.

WITNESS JACCBUS: No, I did not say that.

JUDGE CARPENTER: Then I stand corrected. 1
believe you said some,

WITNESS JACOBUS: Yes.

JUDGE CARPENTER: 8o, tell me what you mean by
some.

WITNESS JACOBUS: Well, it's very difficult to
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determine precisely. It would appear =~ you can look =~
referring, for example, to the figure IR~ on «- on the
surrebuttal testimony at page 170 -~ are you with me there?

JUDGE CARPENTER: 1 have the figure,

WITNESS JACOBUS: Okay.

If you will notice, between the two data points at
175 degrees Centigrade, the top one, at 5.92 times 10 to the
4 == do you see that one?

JUDGE CARPENTER: VYes.

WITNESS JACOBUS: That was taken during the first
transient,

The lower one, at .67 times 10 to the &4, was
taken during the second transient, Okayrs

Presumably, we could assume, roughly, that the
degradation between the first and the second exposure to 175
degrees C is represented by the difference between those two
points, in a rough sense.

JUDGE CARPENTER: I don't believe I'd go gquite
that far. There may be some bounding limit on how small
these values can get. So, I don't think that really answers
the question,

Why do you not look at the block's performance at
the beginning of the exposure to the environment and the
block's performance at the end of the exposure at roughly

the same temperature?

ANN RILEY & ASSOCIATES, Ltd.

Court Reporters
1612 K Street, NW, Suite 300
Washiangton, D, C, 20006
(202) 293.3950




e © 9 o v s W N -

NN NN NN e s e e s e e e e
B & W N = O YW B N S W N = O

2039

I1f you think there ias a real significance in 5 to
10 degrees Centigrade that can acco.nt for several orders of
magnitude, we need to hear about it.

WITNESS JACOBUS: Okay.

I think, if I understand correctly, what you're
saying is look at the pre~test data and the post-test data
at ambient temperature?

JUDGE CARPENTER: 1In answering the question did
the test environment cause a permanent change in the block?

WITNESS JACOBUS: Right.

JUDGE CARPENTER: Does the block come back out of
it just the way it went in?

WITNESS JACOBUS: The answer to that question is
no, and let me expound on that just a little bit,

If you read in the test report, Mr. Kraft says
that there is roughly a two-order~of-magnitude permanent
degradation in the terminal block insulation resistance from
pre~-test to post-test.

JUDGE CARPENTER: Thank you. That specifies what
you meant by some.

WITNESS JACOBUS: Now, let me go on. I have to
finish this answer,

Those are at dry conditions., Those are not at
wet, moist conditions. The thing we're concerned about here

is what happens under wet, moist conditions. Okay?
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JUDGE CARPENTER: You are testifying to that, and
I'm simply asking you where I can find the data,

WITNESS JACOBUS: Well, there are a number of

places. I1'll have to -~ it may take me a few minutes,.

Perhaps it would be better if we do that at a recess and I
give it to you afterwards or I can ==

JUDGE CARPENTER: That's fine.

WITNESS JACOBUS: ~~ take the few minutes now,

JUDGE CARPENTER: That's fine.

WITNESS JACOBUS: Okay.

JUDGE CARPENTER: Excuse me for interrupting, Mr.
Repka.

MR. REPKA: Are we taking a few minutes to look at
data? 1Is that where I understand we are?

WITNESS JACOBUS: Let me .. least make a note.

JUDGE CARPENTER: All I did was clarify what the
word "some" meant, was my purpose.

WITNESS JACOBUS: Right. What I was trying to do
is clarify it in terms of the wet conditions, and there weipe
subsequent wet conditions at the same temperature at 340,
roughly 340 degrees, 172 degrees C. There were two
measurements taken at different times into the accident. So
you are locking at data at the same temperature, but under
the wet conditions that are applicable during the accident.

JJDGE CARPENTER: I think it may be useful for me
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Q Let me try something first before you tell me the
rest of the important ~ 2tors. In your February testimony
in this hearing, there was a discussion of again why Alabama
Power Company chose to use data only from the FPhase 2 first
DBA.

A (Witness Jaccbus) Okay.

Q And you said, and let me quote, "They took the
data from that first transient where there was only data
from ambient temperature in 240 degrees. The data I used,"
and I think you are referring here to your exhibits and
graphs in this proceeding, "“was from the second transient
wvhere, in addition to data at the peak temperature, there
was data throughout the range of temperatures coming back
down to essentially ambient temperatures."

Do you recall that?

A (Witness Jacobus] I recall I probably said
something to that effect.

Q Okay. Judge Carpenter interjected, "So there is a
certain amount of hysteresis here depending on the cycle."
Your answer was, "Exactly."

Do you now disagree with that testimony?

A (Witness Jacobus) I wouldn't == I think the word
hysteresis is probably the wrong word, thinking about it
more completely.

Q Well, as I understand the word, it would be there
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is some change or effect due to what has happened to that
terminal block in preceding cycles. It's performance is
going to be affected due to what it was subjected to in a
prior cycle. Am I wreng?

A (Witness Jacobus] Okay. Hysteresis normally
refers to, for example, a calibration curve, where you do a
calibration going vp in, say, pressure, and then you do the
same calibration coming down in pressure.

The difference that you get between the readings
at the sarme pressure on the way up and the way down are
different. In that sense, it is exactly true that there is
a hystoresis in these terminal blocks. In other words, if
you applying the steam environment and the terminal block is
heating up, the insulation resistance is much lower than
when you are drying the terminal block, for example, between
cycles, and the terminal block is cooling down and the
insulation resistance recovers. So, if yocu went up and then
came down, you would expect that the insulation resistance
on the way up would be lower at the same temperature than it
would be on the way down.

Q Let me try it this way. If I am going to subject
to two cycles a particular terminal block, and I go up to
temperature X and then down, then I start another cycle and
I go up to temperature X prime, and then go down, do you

expect the performance of the block between -- of X -- at X
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and at X-prime to be the same?

A (Witness Jacobus) X and x-orime being equal?

Q Yes. Being equal temperatures?

A (Witness Jacobus) Well, that's the data in, for
example, on page 170 of the surrebuttal testimony shows that
it will be slightly lower, at least for that particular
terminal bleck. For other terminal blocks, if you look at
the appropriate error bands, it's not quite so clear. It
also depends on what the cooldown temperature is between
cycles, It depends on a whole lot of things.

Q Okay. But that is a reason to not draw your
curve, based on data from two separate cycles, is it not?

A (Witness Jacobus) 1If you don't have any cother
data from the first cycle, and you need certain data that is
only available in the second cycle, no, I don't believe
that's a valid reason.

Q Okay. 8o you would draw your curve, and, in fact,
have drawn your curves based on data across cycles?

A (Witness Jacobus) Only because that's the data
that's available. I have also looked at data from other
tests and it confirms that that's the appropriate thing to
do.

Q Okay. Alabama Power Company's position, regarding
why it drew its curve, based on data from only one cycle,

was well-known to yocu in 1987, was it not?
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A [(Witness Jacubus) Whether it was or was not I
don't think is really thut relevant.

Q I'm just asking the gquest.ion.

A (Witness Jacolus) I would not agree with it then,
I would not agree with it now, so ==

Q Was it made known to you?

A (Witness Jacobus) As I mentioned before, I can't
be certain of what exactly the discussions were in that
regard.

Q This hearing was not the first time you heard that
position, was it?

A (Witness Jaccbus] That's correct.

Q there's something you just said a few minutes ago,
in your response to Judge Carpenter, I can't resist getting
a response to from the Alabama Power Company panel., You
said, anl I wrote this down as quickly as I could: "Bulk
resistance is not at all an issue in this proceeding. What
we're talking about is a moisture effect."

MR. REPKA: Mr. Love, would you like to respond to
that?

WITNESS LOVE: This has been the hypothesis that
Dr. Jacobus has been using ever since 1987. However, I have
not seen either in the Sandia documentation demonstrated
proof that the phenomena is predominated by the moisture

film and ionic conduction. Bulk conduction == the test was
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just simply not structured to conclusive. s that. I deo
not believe that it has conclusively proved that.

WITNESS JACOBUS: May I respond to that? 1 think
that's just a ridiculous conclusion, in looking at the
Sandia data. 1If you look at =~ {f you look at that data in
any detail at all, it repeatedly says in there that the
moisture is the effect. It demonstrates over and over
again, reasons why that is the case.

WITNESS JOVE: May I just respond? 1 agree that
there are sections of the report that attempt to prove this
by analysis and various means. All I am simply ®aying is
that the test, itself, was not structured in a manner that
it could have been structured to demonstrate that the
effects of bulk conduction in the terminal block and also
the effects of conduction through the test leads were not
the significant contributor to the values that were being
determined,

There was no =~ the test was not structured %o be
able to separate those effects. So, what it did was it
provided data on the total effects, as recorded, of bulk
conduction in the block, bulk conduction, as it may occur
through the test leads and the conductors that were
monitoring the circuits and also the effects of the moisture
film. So, all those possibilities exist, and there were

attempts made in analysis and documentation, to try to
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here, with this enormous temperature coefficient of the
f£ilm.

WITNESS JACOBUS: Yes. I am not saying there is
not effect of bulk condition.

JUDGE CARPENTER: That's my only point == that
it's an open question in this record.

WITNESS JACOBUS: Okay. Fine.

BY MR. REPKA:

Q Okay. Before that interlude, I think you
testified that there was, in the Sandia testing, no elevated
temperature test in the non-steam environment?

A (Witness Jacobus) That's correct.

Q On page three of the Sandia test report that's
been marked as Staff Exhibit 73, it is observed that a
submergence test indicated, and I quote: "Only slight
difference between submerged and unsubmerged bloc..., with
the submerged blocks being slightly better."

A (Witness Jacobus) What line are you reading from?
Okay. I have got it.

Q Okay. Do you see that?

A [Witness Jacobus] Yes. Keep in mind, this is the
insulation resistance after submergence, not during
submergence.

Q After the submergence. So there was no meonitoring

done during the submergence itself?
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A (Witness Jacobus) I am thinking back to the
submergence test where there was positive contamination
imparted on the terminal blocks, and it says the submerged
blocks were lower, on page 3 that you referred to,
It says, "To check this result at the conclusion
of the Fhase II environmental exposure, we conducted a
submergence experiment to observe the performance of
terminal blocks positively known to be spray contaminated.
In this test three blocks were submerged in a chemical
spray, and steam condensate solution, and three blocks were
left unsubmerged. 1IRs in a steam environment after tche
submerge~<e were compared. They indicated that there was
only slight differences between submerged and unsubmerged
blocks, with the unsubmerged blocks being slightly better."
Q And your testimony is, the unsubmerged blocks
means after ~- that is a comparison after you have dcne the
submergence, not during?
A (Witness Jacobus] That is what it says, and that
is what it was,
Q But there was no effect of the chemical sprays,
you are agreed with that, was observed?
A (Witness Jacobus) Being submerged in the chemical
sprays, or having the chemical sprays in the test?
Q Having the chemical sprays in the test?

A (Witness Jacobus] He did not identify any
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positive effect of the chemical spray.

Q Would you agree with me that if bulk material
conductivity was an issue here, and I know it is your
position that it is not, would that result in a predictable
IR versus temperature curve?

A [Witness Jacobus) It should. Bulk conductivity
normally follows an Arrhenius relationship of one form or
andther which pred.cts the type of plot that Alabama Power
has used in these proceedings.

Q In fact, that conclusion is supported by
instrument insulation resistance testing on cables, is it
not?

A (Witness Jacobus) For bulk ca: 'uction, that is
correct. I have scome extremely nice plots cf that effect
from the recent tests that 1 have completed.

Q Putting all that aside, and let's move on to
something a little more fundamental.

Would you agree with me that regardless of the
mechanism, moisture film versus bulk conductivity that a
basic IR dependence on temperature has been established?

A {Witness Jaccbus] Temperature is a very important
factor, there is no doubt about it.

Q And you reviewed Alabama Power Company's
surrebuttal testimony in this proceeding, right?

A [Witness Jacobus] I have.
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Q And it is still your position that that dependence
is not linear?

A (Witness Jaccbus] Linear or not, it is my
position that the two points that Alabama Power chose and
the curve that was subsequently drawn does not sjuare with
reality, and that reality is test data from General
Electric, from Wyle, from Connectron, from data that was
taken and reported in the Sandia test that was done at
Temple University by Sclomon. The reality check just
doesn't cut it.

Therefore, regardless of why it is wrong, the fact
in mv mind is that it is wrong. It doesn't really matter
why it is wrong. You have to do a reality check.

Q You are saying it is wrong. What is the it?

A (Witness Jacobus] The results of that straight
line, and using that to predict the insulation resistance
versus temperature.

Q Is it the acceptance criteria used by Westinghouse
that you believe is wrong, the 1E5 acceptance criteria?

A (Witness Jacocbus] 1ES, are we using a new value,
or are w< going to use the SES?

Q SES.,

A (Witness Jacobus] I have never disputed that.

Q Is it the value of 1E7 that was used in the loop

accuracy calculation that is wrong?
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analysis is in the performance?

A (Witness Jacobus] I certainly disagree with that,
You may come to the same conclusion in a hypothetical
example, but that dces not say that your original analysis
was correct,

Q What are we talxing about here., You have to agree
with the analysis, or the results of the analysis?

MR. HOLLER: Let me ask if the witness understands
which analysis Mr. Repka was asking about now?
BY MR. REPKA:

Q Let's talk about the APCO Exhibit 52, the analysis
based on similarity to the Connectron box, test data fronm
CONAX IPS~107 and the resulting conclusicn there to use a
value of 1E7. That is the analysis I am talking about.

A (Witness Jacobus] Do I have tc agree with the
analysis to agree with the conclusion?

Q Riaght.

A (Witness Jacobus] Not necessarily. If do my own
analysis, and do a licensee's work for them and ccme to that
conclusion, I can believe the answer without believing that
the steps that were followed to get to that answer were
appropriate.

Q So you can conceptually agree with the conclusion
without agreeing wi‘h the anzlysis, because the conclusion

may be supported by your own analysis?
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A (Witness Jacobus)] Or somebody else's, or
whatever.

Q So the proof is in the pudding?

A (Witness Jacobus) No. That is not the proof of
the analysis.

Q You may disagree with the analysis, but does not
the result tend to support the original validity of an
independent engineer's analysis?

A (Witness Jacobus] No. If A implies B, B does not
imply A.

Q If A implies B, if Alabama Power Company says A
implies B, and you say, "Neo, A does not imply B," then a
third party says, "B is B," are you saying -~

A (Witness Jacobus] B does not imply A, Philoscphy

Q Does the fact that B has been borne out, does that
not tend to enhance the credibility of the original A
implies B argument?

A (Witness Jazobus) No. That does not folleow basic

philoscphy. It does say that the conclusion is right.

Q It says the conclusion is right. You have agreed
with that.
A (Witness Jacnbus] If you independently show that

the conclusion is right, that dces not in any way imply that

the analysis is right.
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Q The reference on page 39, is that also to the
November 1973 report?

A (Witness Jacobus) Yes, it is.

Q Do you know whether that test involved an
acceptable LOCA profile for qualification testing? Was the
profile used in that test a LOCA profile?

A (Witness Jacobus] It was intended to be, yes.

JUDGE CARPENTER: Mr. Repka, is that test report
in evidence?

MR. REPKA: That test report is not in evidence,

JUDGE CARPENTER: So, I can't follow this by
looking at it.

MR. REPKA: That's not in evidence.

WITNESS LOVE: I don't know if it's in evidence.

MR. REPKA: No, it is not,.

JUDGE CARPENTER: May I respectfully ask whether
the parties feel that they want to make any findings with
respect to that report and, if sc, whether or not it might
be desireable to have it in evidence?

MR. HOLLER: W~ certainly have a copy, Judge
Carpenter, and for the staff's part, we made reference to
it, and if you would find it helpful, we can have copies
made and than introduce it on redirect or, probably more
appropriately, in our cross examination. We could do that.

JUDGE CARPENTER: As I say, Mr. Holler, I defer to
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your judgement whether it's something you want to make a
finding of fact about. I mean, if that's so, then we have
to look at the report.

MR, REPKA: Just for clarification purposes, 1'd
like to ask our panel, is that November 1973 GE test report
part of or has it evar been part of Alabama Power Company's
basis for qualification of these terminal blocks?

WITNESS LOVE: The only purpose of that document
was a -~ as I believe I testified to in my surrebuttal
testimony, it was attached to -~ and some informatior was
used from it in regard to a similarity analysis on materials
that was done by me in the 1983-84 timeframe.

It was not used in conjunction with leakage

currents and ~- and the -- the effects on instrument

circuits.
MR. REPKA: 8o, it was a similarity between -«
WITNESS LOVE: Materials.
MR. REPKA: == in the States NT versus the States
ZWM.

WITNESS LOVE: It was related to the barrier
between the terminmal blocks, a similarity analysis 1 had
done back in the mid-'80s on the difference in the barrier
material on the blocks. So, it was for material composition
analysis.

MR. REPKA: So, the company is not relying on that
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report as a basis for gqualification with respect to the
instrunent accuracy issue.

WITNESS LOVE: We are not, no.
BY MR. REPKA:
Q And Dr. Jacocbhus =-

A (Witness Jacocbus] Can I respond to that real
quick?

Q Let me just ask you one questicn. Then you can
respond.,

A (Witness Jacobus)] Okay.

Q The difference between the States NT and the

States ZWM is not in issue in this proceeding, is it?

A (Witness Jacobus] That's correct.
Q Okay.
A (Witness Jacobus) Okay.

He was fairly specific in saying we are not
relying on that report for purposes of instrument accuracy.
I don't know if that means we're not relying on that report
at all.

However, I think the record should note that that
report forms the basis for the statements in the
gqualification report that Alabama Power was relying on at
the time of the inspection, that being the GE summary
report.

I think it's called an engineering memorandum or
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something, and I know it's been introduced into evidence.

Q I believe that's a different report.

A (Witness Jacobus] 1It's a different report, but
the information that is in there, though it does not
explicitly reference it, vefers back to that 1973 GE test
report, and to say that one terminal =-- the one report we
used as gqualification and that the basis for the values in
that report, the cther report that was written, we don't
rely on doesn't make any sense to me.

Q I don't have any quibble that you could =-- you're
perfectly entitled to use something in that report as a
basis to disagree with Alakama Power Company's position. I
don't have any quibble with that, if it's technically valid.

What I'm just asking here is was the data in that
report used to support the Alabama Power Company's pesition?

WITNESS LOVE: For the issue of instrumentation
performance in the harsh environment, no.

WITNESS JACOBUS: Was it used for any purpose?

WITNESS LOVE: It was associated to the -- we've
also testified to the -- I believe -~ the '75 report for the
electrical penetration assemblies, which documents the
withstand capability or the ability cf the block to
withstand peak LOCA corditions and survive peak LOCA
conaitions.

In that context, it is used, but we have not used
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it as a basis for the performance of the terminal block;
that is, the characteristic of the block to show its
recovery or its ability to operate when required to operate
in instrumentation circuits at Farley.

MR. REPKA: Does that include, Mr. Love, data wi*h
respect to insulation resistance post-/OCA, during the LOCA?

WITNESS LOVE: That particular report indicates a
peaX value of ~- or the value of peak temperatures, and as
we have testified to previously, that was used as the
withstand capability parameter; in other words, the minimum
value that would be consistent, indicating survivability I
believe is the word I used or sufficient. I've -~ I've
testifiea to this previously.

MR. REPKA: Okay.

WITNESS JACOBUS: Let me ccmment con that, if I
may.

He says that that was taken at peak LOCA
conditions.

I submit that, looking at the test report, that
was taken at lower than peak LOCA conditions, before peak
LOCA conditions were ever attained, and in fact, it was
taken at 260 degrees Fahrer.ieit, the temperature we are not
told the blocks are required to function at,

MR. REPKA: Okay.

8Y MR. REPKA:
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Q 8o, thke use you're making of this test report is
you believe that this test report does, in scne way,
underline the power company's position on insulation
resistance and the use of terminal blocks in instrument
circuits.

A (Witness Jacohbus] I think it's definitely a
centributor to doing that, yes.

Q Okay.

Now, my question to you, which started this whole
thing, is do you know whether it was a LOCA test utilized in
that 1973 testing?

2 (Witness Jacobus| I don't know what you mean by a
ILOCA test. It was an exposure to elevated temperature and
pressure conditio: i, yes.

Q Okay .

Would that have been an acceptable gqualification
profile if you were reviewing it strictly as a gualification
profile document?

A (Wi‘ness Jacobus] For the Farley nuclear plant?
Would the profile have been acceptable?

Q Right.

A [Witness Jacobus! I would have accepted that as
profile, yes.

Q Okay.

MR. REPKA: Now, I'm going tc ask Mr. Love to
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respond to that, the issue of the GE test report and the
applicability of the profile to the Farley =~

WITNESS LOVE: Well, this was a very early GE test
that was essentially conducted by putting the blocks in a,
as I understand reviewing the reports, a very brief report,
a couple of pages with some data, They put a terminal block
in a pressure vessel with liquid in the vessel and then
heated the liquid with CALROD heaters up to 260 degrees
fahrenheit.

No measurements were taken of the block
resistivity on the way up to 260 degrees fahrenheit. The
block was maintained at that temperature for quite scme time
and then it was stepped up in temperature ~nd values were
taken at several -- values were taken at the plateaus, but
the profile that was followed was not, at least in my
opinion, a profile representative of what would be
indicative of a PWR profile such as a Farley containment
LOCA Or main steamline break profile.

Mr. Jacobus was testifying he would have accepted
that as a qualification profile. I can't make any statement
in regard to that, but it was not a -- it was not a typical
profile that would have been used in the '7%2/'80 time frame
for the purposes of simulating a design basis accident
inside the containment.

The other thing I would just like to add is that I
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WITNESS LOVE: Well, dismiss it out of hand, no.

I didn't dismiss it out of hand. Excuse me. I did not
dismiss it out of hand. I have reviewed that doc ment. 1
have looked at that document. As I said, that document was
not used for this purpose by me, but it was available to me.
I used it in a material evaluation of barrier strips which 1
conducted back in the mid '80s, and that's probably where
Mr. Jacobus found the document. I'm not sure. I'm just
guessing. But I did not arrive at this conclusion without
evaluating the report and other data that we've discussed in
ny testimony.

WITNESS JACCBUS: 1 think there has been scnme
confusion in the varicus proceedings here in terms of where
this report came from, where we found it. TI'll try to
clarify it to the best of what I know.

This report was found by somebody during the
inspection in a procurement file. This is the report we're
referring to that was found in a procurement file. There
have been some implications in the Alabama Power Company
testimony that it was a penetration report that was found in
the procurement file. That's not the report we were
referring to, to clear that up with everybedy.

BY MR. REPKA:

Q I will speculate for you, Dr. Jaccbus, so you can

disagree if you know otherwise, that it may have been in the
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about the GE test report of 1973 and the Sandia test report,
There is actually also the Wylie test report that applies
only to the States blocks, okay? 8o it would not fit inte
the category of both of the exact blocks. But there is the
Wylie test of the States blocks only. There could be a
third report that would fall into a similar category.

Q Okay. The GE test report did test, you claim, the
exact blocks, and you, as you've testified =~

A (Witness Jacobhus] Exact to within States NT/ZWM.

Q You feel that was useful and should have been
relied upon by Bechtel?

A (Witness Jacobus) I don't necessarily say that
they had to rely on that, I think it's one scurce ~--

Q But you wondered why they did not.

A (Witness Jacobus] I think it's one source of a
reality check to say, is my answer right? And so I wonder
why you would go through an analysis such as this and then
not perform a reality check to see if it squares with re=al
data that's available on real terminal blocks under the real
conditions that we're talking about.

MR. REPKA: Mr. Love, when you did your similarity
analysis, and let's back up to the 1987 time frames, and I
believe we're talking about the similarity of the States in
GE block to the Connectron block, did you do as Dr. Jacobus

just explained? Did you make a reality check?
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WITNESS LOVE: Yes, we did.

MR. REPKA: At that time, did you consider the
1273 GE report?

WITNESS LOVE: I believe, in terms of the package,
at least as I have it == and I'm not sure exactly aow it was
when Mr. Jacobus had locked at it, but I believe this is the
package -- it did contain for not the purposes of instrument
accuracy, but because I referred to it for a discussion of
the NT versus 2ZWM, that 1973 report is in as an attachment
to this document, so, I did consider that, as well as other
factors.

MR. REPKA: 1In your engineering judgment at that
*ime, it was not a more persuasive document than the IPS-
107 report which you did ucilize?

WITNESS LOVE: That is correct.

BY MR. REFKA:

Q Now, Dr. Jacobus, the second report ycu're

referring to is the Sandia Report, Staff Exnibit 737

A [Witness Jacobus] That's correct.
Q And the sentence we've been discussing?
A (Witness Jacobus] That's correct.

Q Now, in the Sandia testing, the exact blocks that
were used in Farley Station, that's the CR~151Bs and the
States blocks, were tested only in the Phase I test; is that

correct?
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A (Witness Jac»bus) That is correct.

Q Okay, are you testifying that Alabama Power
Company should have used Phase 1 Sandia data from those
reports?

A (Witness Jacobus] My testiwony is that, looking
at that data from the Sandia Report as a reality check,
leads me to the conclusion that drawirg a straight line
between two endpoints from that test report was not a preoper
thing to do.

Q Okay, 80 you are not saying tha®t Phase 1 versus
Phase 2 data is -- you're not saying that Phase 1 is the
only data of relevance in this proceeding?

A [Witness Jacobus] I think it is in a number
senses =-- or at least one major sense =-- much more relevant

than the Phase 2 data.

Q Because it includes the exact blecks?
A (Witness Jacobus) Yes.
Q You've reviewed Alabama Power Company's

surrebuttal testimony; have you not?

A [Witness Jacobus] I have.

Q And you've also reviewed the November 1987 JCOQO;
have you not?

A [Witness Jaccbus] I have.

Q Let's start with the November 24th, 1987 JCO. At

that time, did Alabama Power Company explain why it used
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Phase 2 data rather than Phase 1 data?

A (Witness Jacckus) I think we discussed that
earlier this morning, and the answer was and is yes.

Q Okay. That's been explained again in the
surrebuttal testimony; has it not?

A (Witness Jacobus]) It has,

Q snd you still disagree that they should have used
Phase 1 data instead of Phase 2 data?

A (Witness Jacobus] I think it's reasonable for
them to consider the Phase 2 data. I think it's also
reasonable, more than reasonable, to consider the Phase 1
data.

Q Okay, is it your testimony that Alabama Power
Company has not considered Phase 1 data from the Sandia
test?

A [Witness Jacobus]) I believe that they considered
it, and said, we're not going to use it. When I say,
consider, thcugh, I mean look at the data from that and see
that it's, in fact, well below the line == the straight line
that they have drawn and come to the conclusion that the
reality check says that the straight line is not
appropriate.

MR. REPKA: Mr. Love, in 1987, did you -- when you
were preparing the JCO, did you consider the Phase 1 data as

a reality check or in any other way against the Phase 2 data
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used in the JCO?

WITNESS LOVE: Yes, we did.

MR. REPKA: And you rejected the Phase 1 data?

WITNESS LOVE: Yes, and for this analvsis.

MR. REPKA: And did you have an engineering basis
for that decision?

WITNESS LOVE: That was documented in the
Attaciiment 1 and discussed in the January meeting on January
24, 1985. APCo Exhibit, I believe, is the correct exhibit,.
That's the JCO exhibit.

MR. REPKA: APCo Exhibit 59?7

WITNESS LOVE: VYes. My rationale was in it.

MR. REPKA: 1In preparing the surrebuttal testimony
irn this proceeding, did you again have reascn to ccnsider
the Phase 1 data?

WITNESS LOVE: Yes, I went back and reevaluated
and loocked at the same information I had provided before and
reconsidered the Phase 1 data.

MR. REPKA: And do you continue to believe that
the Phase 2 data is more meaningful tor this proceeding than
the Phase 1 data?

WITNESS LOVE: Yes, I do.

MR. REPKA: And you have an engineering basis for
that?

WITNESS ILOVE: Yes, I do. I have it documented.
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MR. REPKA: Has it changed since 19877

WITNESS LOVE: No, it has not,

WITNESS JACOBUS: Shonuld I respond to that now or
wait for redirect?

MR. REPKA: 1I'll be glad to hear your response,
but let me prefac: it by saying that those questions went
entirely to Mr. Love's state of mind in what he did in 195387
and 1992, and you have knowledge regarding that, I'll be
glad to hear it.

WITNESS JACOBUS: Well, I have knowledge regarding
his basis and why his basis was not a valid one.

BY MR. REPKA:

Q You disagree with his basis, I understand that,
A [Witness Jacobus) Okay, and I have stated the
basis for that.

MR, REPKA: Mr. Love, let me turn to you. Just
for the sake of the record -- and I believ2 this is in
documents that are in an exhibit -- in very summary fashion,
an you outline some of the considerations that made you use
Phase 2 rather than Phase 1 data?

WITNESS LOVE: 1I'll just refer to APCo Exhibit 59.
As I've already testified to, I haven't generated the
reasons for this. I may have tried to expand or just
clarify it wasn't clear what I have documented here, in

other words, the bases are still the same.
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magnitude difference as Mr. Love has stated.

MR. REPKA: Mr. Love?

W.TNESS LOVE: T will simply refer to the Figure
R=3] in my testimony, in which I have plotted both the Phase
1 and the Phase 2 data for an EB-25 block and 1ll we need to
do is look at the endpoints. At the c>0l condition, there
is a significant difference between endpoints and perhaps
something that Mr. Jacobus had said earlier that I wasn't
aware of earlier may be contributing to that, but the data
that is presented here shows more than a factor of 3 to 10
difference between the Phase 1 and Phase 2 data on an FB-25
bleck.

WITNESS JACOBUS: 1Is there a reascn why you're
comparing data for terminal-to-terminal insulatioen
resistance from one Phase, with terminal-to-ground
insulation resistance from the cother phase?

WITNESS LOVE: I'm not sure I understand what
you're saying there.

WITNESS JACOBUS: Well, in the original JCO, you
used terminal-to-terminal data.

WITNESS IOVE: That is correct.

WITNESS JACOBUS: Now, you're coming back and
using terminal-to-ground data.

WITNESS IOVE: The leakage paths -- in which test

are you referring to?
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WITNESS JACOBUS: Now you're using terminal to
ground.

WITNESS ILOVE: I am using the same figure for the
IR-3 that I used f -~ the JCO.

WITNESS JACOBUS: So, you're telling me it was an
error, because you are not aware? I guess we need to get
into this at this point.

WITNESS LOVE: 1I'm not sure how Mr. Jacobus is
arriving at his conclusion for the data.

WITNESS JACOBUS: You refer to page 174 and 175 I
believe of Staff Exhibit 73.

WITNESS LOVE: Which test report are we in, Phase
I1?

WITNESS JACOBUS: This is the first test report,
Phase II data, SAND 83-1617. Do you agree? Are you there?

MR. HOLLER: If I may. Dr. Jacobus? Maybe while
Mr. Love is looking at that, for the benefit of the Board
and the others, you could re-identify the document you're
looking at so that we can move between the two.

WITNESS JACOBUS: Okay. We're looking at two
different documents. We are looking at Alabama Power
Company surrebuttal testimony at page 170. We are also
looking at Staff Exhibit 73, which is the basis of figure
IR-3 on page 170 of the surrebuttal testimony. I am reading

from the top right-hand corner, where it says "data
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WITNESS LOVE: I would like to exglain., It
appears that in preparing this. Let me back up to the JCO.
1 am going to start in '87. I prepared these particular
grapha as part of this testimony. And I did it to document
my logic and the basis for my 1987 JCO. 1In the 1987 JCO, as
we testified to previorsly, we locked at page 210, which we
are referring to here, which is insulation resistance A. 1Is
insulation resistance A from page 21C terminal to terminal
or is it ground?

WITNESS JACOBUS: 1It's terminal to terminal,

WITNESS LOVE: Oksy. The graph that we used for
the JCO and the data that we used for the JCO, we deternined
vy examining this graph visually, and I believe we talked
about that last time. We did not go back to the whisker
data just because we were not a -- partly because of the
contusion generated now. I recognize the whisker data as a
source of data. Apparently I picked a G value instead of an
A value. Let me come back to that. It is not going to end
up being anything significant other than -~ the plot I have
here i3 terminal to eround. I did not plot pole~to-pole,.
But, let me go on with that,

The JCO, I want to make clear, was based on, as
we've testified and as documented in the JCO, a figure, page
210, figure Al-21, which we have testified to before. And

this graphically depicts that whisker and the whisker plots
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pressure, no.
Q 30 that is not an issue here?
A (Wit rniss Jacobus] That i{s not an issue.

MR. K&PK}: Judge Bollwerk, I have no further
questions at this time, but Mr, Lo & did refer to, in the
case of that recent colloquy, certain earlier versions of a
gqraph, and I would like to reserve the cpportunity to talk
to him and find out what those are, and see if we want to
move those into evidenca at some point before we complete
this issue.

MR. HOLLER: The staff has no chjection to that
being brought up again, subject to cross-examination.

JUDGE BOLLWERK: Certainly.

Do you have any redirect, or do you just want to
move to cross?

MR. HOLLER: No, sir. 1 4definitely have redirect,
one of which is to address Judge Carpenter's questions. 1
am looking at the time. If I couid have two minutes just to
consult with the witness, we may be able to fit one in
before the lunch break, or it may prove, for coentinuity
purposes, perhaps to pick up after lunch, if that is
acceptable to the Board.

JUDGE BOLLWERK: Why don't you go ahead and do
that.

[Brief recess.)
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JUDGE BOLLWERK: What is your pleasure, Mr.
Holler?

MR, HOLLER: If we may, sir, Dr. Jacobus may
address Judge Carpenter's gquestion. I'think we can get that
in before lunch, and that would put us at a good break
peint, and then return. We have one or two other questions
on rediract, and then we can get into cross examination.

JUDGE BOLLWERK: All right.

MR. HOLLER: With that, sir, we've marked for
identification a series of graphs which Dr. Jacobus will
explain as we pass these out to the Board. This is for
identification a series of graphs depicting insulation
resistance versus temperature for terminal blocks marked for
identification as Staff Exhibit Number 81,

REDIRECT EXAMINATION

BY MR. HOLLER:

Q I'1l ask Dr. Jacobus, if you would at this time,
to just identify what the charts are in Staff Exhibit 83, or
should we -~ maybe Staff Exhibit 84 will be helpful.

A (Witness Jacobus]) May I look at a uopy of that
for just a second to make sure I have my copy in the sanme
nrder so we don't get confused?

[Document proffered. )

WITNESS JACOBUS: What I'd like to do is to use

these graphs at this point to try to address Judge
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Carpenter's guestion regarding whether it is a bulk
conduct .on phenomenon or some other phenomenon like moisture
fil.s as we have postulated.

JUDGE BOLLWERK: Let me do one procedural thing
here. Let's let the record reflect that Staff Exhibit 83
has been marked for identification.

(Staff Exhibit 83 was marked
for identification.)

JUDGE BOLLWERK: All right, sir.

WITNESS JACOBUS: What I vill do first is refer
Judge Carpenter to a few relevant sections of the Sandia
reports, and then we'll go effectively to the bottom line
from that point in looking at thesa graphs.

The relevant sections would be Staff Exhibit 73 on
Page 42. The issue ¢f moisture films is at least alluded to
and discussed, and the conditions ~= *“e thermodynamic
conditions under which leakage currents would form and
evaporate is discussed.

JUDGE CARPENTER: That's the paragraph that begins
"We hypothesize"?

WITNESS JACOBUS: That's correct. Then I'm going
to give you the basis for that hypothesis and some data that
supports that hypothesis.

I don't claim that it's absolute 100 percent

proof; I claim that it is our best engineering judgment, and
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now I'm going to provide you with the basis for that
engineering judgment, and you may come to your own
conclusions at that point, okay?

JUDGE CARPENTER: Yes. Without apolougy, you
should realize that as a scientist, I look to see whether
the data falsify the hypothesis since I never pretend to
prove a hypothesis.

WITNESS JACOBUS: Okay. And what I'm going to
show you is that there is no data that I have looked at that
is inconsistent with that hypothesis.

JUDGE CARPENTER: Thank you.

WITNESS JACOBUS: Okay. And that would be that
beginning on Page 42, and then I believe there are a bunch
of data plots, and it continues on ¢cn Page 52, on the top
paragraph of Page 52. So I don't know if we want to go
through that in any kind of detail or if you would grefer to
read through it -- or you have read through it.
understand that. That merely talks about the thermodynamic
conditions where we would expect -oisture films te form and
then evaporate.

For example, if you are under increasing
environmental temperatures with a cold terminal block, you
would expect condensation on that terminal block. In
contrast, as you are decreasing temperatures, the block is

hotter than the environment, which causes films to evaporate
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or go toward evaporation, okay?

fo that's one area. Do you want to talk apout
that or ==

JUDGE CARPENTER: Since you brought it up, I'm
trying to understand how the steam vapor in the Sandia
exposure chamber would be limited in its condensation to
only forming a film and not forming droplets.

WITNESS JACOBUS: Oh. Okay. I think I understand

JUDGE CARPENTER: How does the water know when %o
stop?

WITNESS JACOBUS: Okay. Our hypothesis 1s
discussed in fairly great detail beginning on Page 63 in
Volume 2. That's Staff Exhibit 74. Okay. The idea is that
you have two competing factors going on. One is you have
this film which may be droplets; it may just be a nice
uniform film. Probably it's not going to be a nice uniform
film. 1It's likely geing to have droplets that form on the
terminal blocks, drip off.

That's one of the reasons that you see fairly
great variability when you look at the five-number
summaries, okay? You get a droplet on there; it reduces the
insulation resistance. It drips off and the Insulation
resistance comes back up a little bit, okay?

So that in fact is one of the bases tor saying
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triangle?

WITNESS JACOBUS: The inverted triangles are the
Sandia data as identified in the legend, the bottom item in
the legend. The right-side-up triangles are also aata from
the Sandia, Phase 1 testing.

JUDGE BOLLWERK: Mr. Love, did you want to say
something?

WITNESS LOVE: Yes, I would just like to say that
the data that I have plotted here is not incorrect data. It
was for the ground path. 1t's net incorrect data.

WITNESS JACOBUS: 1It's incorrect for what you had
-= it is not as it was stated in the test.mony.

WITNESS LOVE: I will say it is not the exact
value, because I thought it was pole~to-pole, however, if I
were to plot pole~to-pole, I would see a similar resule and
I will indicate that ~~ well, I'd like to ask some
guaestions about your factor of 5, but I'll wait until later,
if you'd like. 1I'd like to ask some questions about that,

WITNESS JACOBUS: What you will nee {f you look at
1R~to-ground, versus IR, terminal-to-terminal, is the
difference in the two straight lires that I have plotted on
the second -~ on every page, all three of the first pages of
my plots. The lower plot is the correct terminal-to-
terminal insulation resistiace, the upper plot is the

terminal-to-ground insulation resistance, which is correct
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droplet forming and then falling off. The insulation
resistance may go way up and then go down., It may be a
droplet forming and then falling down,

When we say film, perhaps a bette.
characterization of that is moisture, water droplets on the
terminal block, not necessarily a very nice, uniform film un
the terminal block. That's aot the interpretation that we
intended. The interpretation being, meisture on the
terminal blocks, not bulk conduction through the terminal
block phenolic material.

JUDGE MORRIS: Dr. Jacobus, tor example, the data
for 122 degrees, over what periocd of time were they Caken,
and how many datapoints were there?

WITNESS JACOBUS: The data at 122 degrees C, based
on Figure 1 on page 8 of Staff Exhibit 73, was taken over a
three~day, 8 hour and 30 minute pericd. Typically, data
would be taken anywhere from every ten to thirty minutes
during that peried.

JUDGE MORRIS: And there was no distinguishable
trend; there was juet random distribution of the data?

WITNESS JACOBUS: That's largely true. In fact,
there is another statement in this report that says that
there was continuous monitoring done on strip charts. While
that data is not actually reported here, it does note that

there were transient effects, short term transient effects
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And I have *o believe that in some way, however complicated
the geometry is, that “hat geometry will control the
conduction.

WITNESS JACNBUS: Absolutely.

JUDGE CARPENTER: and to change the thickness in
some irregu'ar way or some smooth way is not my peint. What
you're saying ==~ the water comes and goes at a fixed
temperature.

WITNESS JACOBUS: Well, okay. Let's go to a rough

JUDGE CARPENTCR: I am just asking you, did I
understand correctly ==«

WITNESS JACOBUS: Yes,

JUDGE CARPENTER: == that that's what you're
testifying to?

WITNESS JACOBUS: That's corcect.

JUDGE CARPENTER: And it's not just a little
thinning or a little thickening, but ic¢ is very substantial?

WITNESS JACOBUS: It may well be a droplet forming
on the terminal block and then dripping off the terminal
block, then another droplex forming and dripping off the
terminal block.

JUDGE CARPENTER: Can't we agree that the droplet
would be in series with the rest of the film, and it it came

and went, it still would only contribute, in part, to the
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2104
ambient temperature to 85 degrees C in 30 to 40 minutes,

JUDGE CARPENTER: Yes.

WITNESS JACOBUS: 8o, he was under dynamic
effects.

JUDGE CARPENTER: Do you think the block would lag
that severely?

WITNESS JACOBUS: 8o it would seem. It seems like
it is a fairly long time for things to come to equilibrium.
And you'll notice in a few cases, in Mr. Kraft's report, he
talks about things taking one to two hours to equilibrate,

JUDGE CARPENTER: Do you recall the figure in
Staff Exhibit 73 that Mr. Kraft presents, where he had a
thermocourle imbedded in the block and measureu the
temperature of the ambient and the temperature of the Llock?

WITNESS JACOBUS: That would be -~ there's one
here on page 50 of Staff exhibit 73,

JUDGE C.,RPENTER: That sounds about right.

WITNESS JACOBUS: And -~

JUDGE CARPENTER: What's the time scale of the
lag?

WITNESS JACOBUS: Well, it appears on page 51 ==
that almost, throughout the three-hour exposire at the peak
temperature, that the terminal block temperature was below
the atmospheric temperature.

If y»u look back on Page 11, you will see that
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small amount of radiative heat transfer.

As things begin to stabilize, the conducticen
becomes less of the dominant -~ I mean, the condensation
phenomencn becomes less of a factor in that heat transfer,
in part because everything has now become guiescent, When
we dump steam in there very rapidly, everything is churning
around. Then after some period of time, things settle down
and the heat transfer occurs relatively more slowly because
the mechanism is now less condensation, it's more conduction
and convection.

JUDGE CARPENTER: I'm sorry. I thought we were
focused on evaporation here when we started. We suddenly

got into this.

o

In the comparisnon between what Dr. Solomen
measured and what was measured at Sandia, I thought your
point was that his film was which way? Thicker or thinner?
WITNESS JACOBUS: Okay. He's going up in
temperature, so film is filming via condensation. The block
is colder than the envirorment. Similar if you have a
camera, a 35 millimeter camera that you take inside when
it's cold, the camera is cold, you take it inside a nice,
warrm, humid room, you get condensation on that camera, on
the lens. As that temperature of the camera warms up to the

temperature of the ambient, that film evaporates, that

condensation evaporates, okay?
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2109
evaporate, disappears, the insulation resistances come back
up. And that's what I believe you are seeing on the third
page of those three graphs. I don't have any other rational
explanation for that,

JUDGE CARPENTER: This point for Solomon,
identified as EB-25, what's the code that lets me look at
the Solomon portion of the report and know which block that
is?

WITNESS JACOBUS: 1If wa go back to =-- I guess it
doesn't actually tell you. The very last page, it tells you
data from the Staff Exhibit 74, Sandia Report 84-0422, gives
the profile and some leakage current data. I will tell you
what page that came from and which terminal block.

It's basically a terminal block tested in the as-
received condition.

JUDGE CARPENTER: What I'm rea'ly asking is, is it
manufacturer Roman I, Model A terminal block or not? 1Is the
EB-25 the same as a Manufacturer I Model A block?

WITNESS JACOBUS: Yes, it is.

JUDGE CARPENTER: Thank you.

WITNESS JACOBUS: And that is identified -- that
data comes from page 54.

JUDGE CARPENTER: I'm locking at page 54.

WITNESS JACOBUS: You've got the right page. That
is the data.
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2111
whether or not :t's a film mechanism by looking at the
dynamics of rising and falling tem, “ratures?

WITNESS JACOBUS: Is your gquestion; can you do
that?

JUDGE CARPENTER: I think that's what you're
telling me.

WITNESS JACOBUS: I think that's appropriate.

JUDGE CARPENTER: Fine, 1 understand.

ITNFESS JACOBUS: One Lore point that you may wish
te lou. at that gives further evidence that moisture films
are important, is in Staff Exhibit 74, again, looking at
those plots tha' pegin on page 54 and are summarized on page
60.

Looking particularly at the summary on page 60, we
gsee that a terminal block that was dipped in saturated salt
solution and then dried and then exposed to a steam
environment, has about an order of magnitude higher
insulation resistance than a terminal block tested in a
steam environment as received.

Okay, that tenaz to support that --

JUDGE CARPEN : Could it be otherwise?

WITNESS JACOBUS: Excuse ne?

JUDGE CARPENTER: Could it be otherwise. You dip
the block in saturated sodium chloride and transfer to the

block, a substantial guantity of conducting ione, could it
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2114
are several things, in particular, that third plot of the
figures, Staff Exhibit 83, comparing the two identical
blocks tested under conditions where one is increasing
temperature and one is decreasing temperature,

If == I mean, under ordinary circumstances, if
there was significant degradation due to exposure to the
high temperature, I would expect the klock that had baen
exposed to the highe. temperature to be worse than the block
that had never been exposed to the high temperature, and I
don't see that effect.

JUDGE CARPENTER: I think it is convenient at this
point, to save some time, for me to jump in with one nore
guestion.

As I read the Staff Exhibit 73 and 74, there are a
few questions that come to mind., One in particular -=- and I
may misapprehend what I was looking at, so I would like your
help -- in Staff Exhibit 73, at page 57 -- and I will be
very candid and say this serpentine wiring arrangement is a
bit of mystery to me because, as far as I can see from my
knowledge of circuits from Physics I, given five parallel
circuits, all I can tell you is what the resistance of the
aggregate is, and not the resistance of any one. Obviously,
there is some way ho do that that I don't know.

This Table 8 says, "Insulation resistance and

leakage currents for Phase I terminal blocks are powered
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2117
that Phase I terminal blocks are powered individually. How
was he able to do that?

WITNESS JACOBUS: This only had to do with making
terminal-to-ground insulation resistance measurements.
During the Phase I all of the terminal blocks were not on
the insulating standoffs as they were in Phase YI. 1In Fhase
II, we could make¢ individual terminal-to-ground leakage
current measurements that could not be made in Phase I, in
Phase I, all we could get is the aggregete of the leakage of
every terminal-to-ground.

Locking at the terminal blecks powered
individually was to look at each terminal block to ground
individually for leakage current to ground.

So he powered up one because that is the only one
that has any power. Everything that i. leaking to ground
has to be coming from that one.

JUDGE CARPENTER: Given that this is not the
average five, or what-have-you, but it is a pretty good
approximation ¢f what the particular block is doing, T
looked at these -~

WITNESS JACOBUS: I think you are not exactly with
me on that. This is not looking at individual terminals to
ground.

JUDGE CARPENTER: Individual blocks.

WITNESS JACOBUS: 1Individual blocks, that each
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2118
bleock has three powcred terminals that would be leaking to
ground.

JUDGE CARPENTER: That is not the same as the
thing we were talking about earlier, the serpentine multiple
block circuit. Do I understand that?

WITNESS JACOBUS: The serpentine connection was on
each individual block, all of the blocks ==

JUJUGE CARPENTER: Fach block was examined
separately, even though multiple paths from the block might
have been looked at?

WITNESS JACOBUS: That is correct for terminal-
to-terminal behavior. Throughout the test it was locking at
terminal-to-terminal behavior on each block in a serpentine
configuration.

The data in Table 8 is looking at each klock
individually to ground because that data was QPt available
when all of the biocks were powered at the same time because
there is only cne ground line to the test chamber.

JUDGE CARPENTER: 1Is it true then that Dr.
Soiomon's observations didn't include leakage to ground but
only terminal to terminal, or did they include leakage to
ground?

WITNESS JACOBUS: His included terminal to
terminal and terminal to the ground plate of the terminal

block, if the terminal block had a ground plate.
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For example, the States block that has been
admitted has a ground plate. The terminal block that he was
using, the one that I am referring to, was an EB-25 block.
He measured only terminal-to-terminal daca. That is the
same measurement that was made in the Phase II £andia data
on the EB-25 terminal blocks.

That's the same data that was used to draw the
straight-line plots that Alabama Fower used in the JCO and
then again in the surrebuttal testimony.

JUDGE CARPENTER: To be specific, if you would
turn to Pagc 53 of Staff Exhibit 74.

WITNESS JACOBUS: Page?

JUDGE CARPENTER: Fifty-three.

WITNFSS JACOBUS: Fifty-three. Okay. OCkay. I'm
on Paye 53 of Staff 74.

JUDGE CARPENTER: Right. Leook at Table 5-2. It
says typical leakage current data.

WITNESS JACOBUL: Yes.

JUDGE CARPENTER: Usually when I read that, I'll
be a little facetious and say it means it's the best data
the investigator got, but that's beside the point.

Anyway, they have this typical leakage current
data. To come down to the very specific and, to me,
confusing issue, this is the typical leakage current data

under Dr. Solomon's conditions, and his experimental set-up
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2120
was very different trom Sandia.

WITNESS JACOBUS: Very.

JUDGE CARPENTER: /And he gets observed leakage
currents that strangely drift upward, but anyway from ten to
30 microamps.

WITNESS JACOBUS: That's correct.

JUDGE CARPENTER: And then I look at Mr. Kraft's
insulation resistance and leakage currents for Phase 1
terminal blocks back on Table 8 on Page 57 that we were just
looking at, and, just eyeball, you know, I see ~~-

WITMESS JACOBUS: What page are you on?

JUDGE CARPENTER: 1It's the same table we were
looking at a moment ago, where I started; Table 8 on Page 57
in staff 73.

WITNESS JACOBUS: O©Oh, okay.

JUDGE CARPELTER: I'm comparing Kraft's results
with Solomon's results. It shows just --

WITNESS JACOBUS: Wait a minute. I'm lost., Page
what in =--

JUDGE CARPENTER: Fifty-seven.

WITNESS JACOBUS: Fifty-seven Okay.

JUDGE CARPENTER: And looking at these leakage
currents =--

WITNESS JACOBUS: Okay.

JUDGE CARPENTER: == they are not wildly different
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except for the exponent, which is a factor of 1,000

different. Solomon firds milliamps and Kraft finds == 1I'm
sorry -- Solomon finds microamps and Kraft finds milliamps.
I'w either comparing apples and oranges inadvertently or
there's something I don't understand.

WITNESS JACOBUS: well, I mean =~

JUDGE CARPENTER: And this, of course, is very
different from your comparison on Page 3 of Staff 83,

WITNESS JACOBUS: Keep in mind now, I am == I
think it would help {f you look back at the previocus two
figures. All I'm comparing is what Alabama Power has used
in testinony to what Solonon got, okay?

JUDGE CARPENTER: I'm not challenging your
figures. I'm saying can you help me understand, as I re~~
this report just as a reviewer, why there's this apparent
difference =~

WITNESS JACOBUS: Okay.

JUDGE CARPENTER: =~~- that's a little bit bigger
than the variability in the observation.

WITNESS JACOBUS: Okay. First, let's lock at
roughly the numbers. We have in one case 86 degreecs with
about, say, .03 milliamps in Solomon's test. That's Table
5-2 on Page 53 of Staff 74.

JUDGE CARPENTER: Yes. I have it.

WITNESS JACOBUS: Okay. You have .03 milliamps.
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