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Docket Nos. 50-348, 50-364
License Nos. NPF-2, NPF-8

Alabama Power Company
TN: Mr., R, P, McDonald
Senior Vice President
P. 0. Box 2641
Birmingham, AL 35291-0400

| %y/‘&/ 7 W

Gentlemen:

SUBJECT: ELECTRIC EQUIPMENT ENVIRONMENTAL QUALIFICATION ISSUES
(NRC INSPECTION REPORT NOS. 50-348/87-30 AND 50-364/87-30)

This letter refers to the Management Meeting held in the Region II office,
Atlanta, Georgia on November 25, 1987. The issues discussed at this conference
related to environmental qualification (EQ) of electrical equipment. A meeting
summary, a list of attendees, and a copy of the handout are enclosed.

It is our opinion that this meeting was beneficial in helping to bring a speedy
resolution to a very complicated EQ operationc! issue. It also provided for
a better understanding of the inspection fincings and the status of your
corrective actions.

In accordance with Section 2.790 of the NRC's "Rules of Practice," Part 2,
Title 10, Code of Federal Regulations, a copy of this letter and its
enclosures will be placed in the NRC Public Document Room.

Should you have any questions concerning this matter, please contact us.

Sincerely,

/5

J. Nelson Grace
Regional Administrator

Enclosures:
1. Meeting Summary
2., List of Attendees
3, Handout:
(a) Justification for Continued
Operation (JCO) Unit 1 -
Technical Blocks Used in
Instrument Circuits
(b) Raychem/Chico Environmental
Seal Qualification

cc w/encls: (See page 2)
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Docket No, 50-348
License No., NPF-2

Alabama Power Company

ATTN: Mr, R, P, McDonald
Senior Vice President

P. 0. Box 2641

Birmingham, AL 35291-0400

Gentlemen:
SUBJECT: CONFIRMATION OF ACTION - DOCKET NO., 50-348

This refers to the Management Meeting held in the Region Il Office, Atlanta,
Georgia on November 25, 1987, This meeting was held to discuss the issues of
equipment qualification (EQ) that derived from the recent inspection and any
ramifications of these issues on continued operation of Unit 1 and ccrrective
actions taken before restart of Unit 2,

The licensee stated at the outset of the meeting that, except for justifi-
cations for continued operation (JCOs) on grease and lubricants, all EQ
discrepancies identified on Unit 2 affecting operability will be fixed prior
to Unit 2 startup. Since the meeting, the Region issued a letter
(November 30, 1987) permitting Unit 2 startup with one additional outstanding
EQ issue regarding Chico/Raychem seals, which is to be resolved by December 2,
1987,

The licensee's pusition in the meeting regarding Unit 1 focused principally
on terminal blocks installed inside containment in various instrument loops.
The Ticensee's previous position had been that these terminal blocks were
qualified, but the staff disagreed. In the meeting, the licensee then took
the position that the terminal blocks were qualifiable, and also presented a
JCO to justify continued operation based on a combination of EQ data and a
semi-quantitative assessment of containment temperatures under realistically
bounding accident conditions. The licensee also stated that if safety systems
initiated early in the accident sequences of concern were allowed to operate,
design conditions would not be exceeded, However, the licensee also stated
that, using current emergency operating procedures, operator action response
to erroneous signals could result in inappropriate actions. Such erroneous
signals could occur, if the containment temperature were to exceed that for
which the terminal blocks are qualified, After review of the data presented by
the licensee, the staff acknowledged that there is disparity in EQ test data
for 1ike and different terminal blocks and differences in interpretation of the
EQ test data to be applied to Farley. The staff also acknowledged that while
the licensee's operability argument had some merit, it was largely based on
qualitative assumptions and contained some elements of nonconservatism,
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In view of the staff's position, Alabama Power Company (APC) made the following
commitments during the meeting, as clarified by teiephone calls between
C. W. Hehl of the Region II staff and W, G. Hairston of APC on November 30:

1. Once Unit 2 is stabilized at power, but no later than December 9, 1987,
initiate an orderly shutdown of Unit 1.

2. In the interim, APC will increase the awareness of shif® supervisors and
Shift Technical Advisors to the possibility of inaccurate vata from
instruments located inside containment in the event of a large loss of
coolant or steam line break accident. APC will alsy thoroughly train
Shift Technical Advisors of the need to monitor di.erse parameters in the
event of a large loss of coolant or steam line Lreak accident toc assure
that inappropriate actions are not taken by operators based on potential
inaccurate instrument readings. Further, one of the two STAs on shift
will maintain presence in the Control Room,

3. Effect repairs on environmental qualification deficiencies associated
with Instrument Terminal B8oards and Head Vent prior to restart of Unit 1,

4. Walkdown Unit 1 containment during the spriny 1988 refueling outage in a
timely manner to identify deficierciss between as-found and as-designed
splices and o*ther types of EQ deficiencies found during the recent Unit 2
walkdowns. Th's walkdown will include all V-splices and a representative
sample of other systems and components with field wiring connections to
determine if other deficiencies exist,

5. Deficiencies identified shall be repaired on Unit 1 at least to the same
extent that repairs had been made to Unit 2 EQ deficiencies., Such repairs
shall be made prior to plant startup following the spring 1988 outage.

6. Evaluate operability issues on Unit 1 on any unrepaired deficiencies
prior to startup.

~d
-

Plant startup of Unit 1 from the 1988 refueling outage shall not occur
without prior concurrence by NRC,

It is the staff's judgment that the Farley terminal blocks might possibly pass
a qualification test and that the temperatures at the terminal blocks during
a large loss of coolant or steam line break accident might not exceed the
temperatures for which the blocks could be qualified. Also, there is a small
likelihood of such accidents, and the licensee's compensating actions should
enhance proper operator action should instrument inaccurécy occur during such
a design basis event, Therefore, we believe that APCs commitments present a
reasonable and timely resolution of the issues of environmental qualification
of equipment for Unit 1 and will provide reasonable assurance of continued
safe operation of the Farley Nuclear Plant Unit 1 for the interim period,
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This confirmation of Action (CAL) letter supercedes our CAL of October 6,
1987.

[f your understanding of these matters differs from the above, please advise us
promptly.

Sincerely,

! /\M&é/\
J, Nelson Grace
Regional Administrator

CAL 50-348-87-02

cc: W, 0, Whitt, Executive

Vice President

J. D. Woodard, General Manager -
Nuclear Plant

W, G. Hairston, III, Vice
President - Nuclear Support

J. W. McGowan, Manacer - Safety
Audit and Engineering Review

J. K. Osterholtz, Supervisor - Safety
Audit and Engineering Review



ENCLOSURE 2

List of Attendees

Licensee: Alabama Power Company Date: November 25, 1987
Facility: Farley Nuclear Plant Units 1 and 2 IR No: 50-348, 364/87-30
Location: NRC Region II Office

Atlanta, GA

Alabama Power Company (APCO)

P. McDonald, Senior Vice President, APCO

., G. Hairston, III, Vice President Nuclear Support, APCO

D. Woodard, General Manager, Nuclear Plant APCO

B. Shipman, Assistant Plant Manager, APCO

Berryhill, Systems Performance Marager, APCO

. McGowan, Manager, Safety Audit and Engineering Review, APCO
E. Garlington, Manager, Engineering and Licensing (NEL), APCO
. H. Jones, Supervisor, Design Support, APCC

. McKinney, Supervisor, Licensing, APCO

S. Monty, Manager, Operational Safeguards, Westinghouse

. W. Trozzo, Senior Engineer - Nuclear Safety, Westinghouse

. Dibenedetto, EQ Consultant, DBA

. Love, Project Engineer, Bechtel

CLCTOVDPOODLLOELED
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w

NRC Region II

Ernst, Deputy Regional Administrator

Gibson, Director, Division of Reactor Safety (DRS)
Merschoff, Deputy Director, DRS

Hehl, Deputy Director, Division of Reac*sr Projects (DRP)
Herdt, Chief, Engineering Branch, DRS

Verrelli, Chief, Projects Branch 1, DRP

Dance, Chief, Project Section 1B, DRP

. Conlon, Chief, Plant Systems Section, DRS

Fredrickson, Chief, Project Section 1A, DRP

J. Goddard, Regional Counsel

P, Modenros, Project Engineer, DRP

Merriweather, Reactor Inspector, DRS

Smith, Reactor Inspector, DRS

Ruff, Reactor Inspector, DRS

Taylor, Reactor Inspector, DRS

. Vias, Project Engineer, DRP

. Little, Acting Deputy Director Regional Inspection, TVA
. Hunt, Reactor Inspector, DRS
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NRC Headquarters

B. Grimes, Daputy Director, Division of Reactor Inspection and Safeguards, NRR
G. Lainas, Assistant Director for Region II Reactors

U. Potapovs, Chief, Special Projects Inspection Section

M. Jacobus, Engineer, Sandia National Laboratories
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Justification for Continued Operation
J. M. Farley - Unit 1
Terminal Blocks Used In Instrument Circuits

1. BACKGROUND

The qualification of the Farley Nuclear Plant Terminal Blocks used in
instrument c¢ircuits was based on type test information for the States ZWM
Terminal Blocks, the GE CR 151B Terminal Blocks, and the Foxboro Terminal
Blocks, Each terminal block tested was identical to that installed in the
Farley Nuclear Plants, The terminal blocks were tested under simulated LOCA
conditions in a configuration similar to that installed at FNP, Each test
resulted in the terminal block successfully performing the intended

function, However, although these tests substantiate the acceptability of
using terminal blocks under LOCA conditions, the performance parameters that
would additionally support their acceptability for use in FNP instrument
circuits were not measured, On the basis of the 10CFR50,49 provision that
permits type test plus analysis for establishing qualification, an analysis
was performed to demonstrate that the FNP terminal blocks could have
performed as intended for the instrument application. The analysis
demonstrated similarity by size, shape, and function to a terminal block that
was type tested under similar FNP LOCA conditions where insulation resistence
(IR) was measured to determine leakage current, The analysis further
assumed, based on review of the Sandia NUREG/CR-38l4 report that the input or
change in insulation resistance was attributable to & surface film mechanism
and not material dependant, The corresponding values recorded during the
test of the similar terminal block (Conax Test Report IPS-107, Connectron
Terminal Block) provided a worst case IR value of 3 x 107 ohms. Allowance of
further margin was provided by accepting a lower value of insulation
resistance (i.e.,, 1 x 107 ohms) for use and input into the FNP setpoint
analysis for loop accuracy. (Reference WCAP-11658, Evaluation of the Impact
of Cable and Terminal 8lock Leakage on RPS/ESFAS and ERG Setpoints Hovember
13, 1987)., The 1 x 107 ohms insulation resistance was provided to
Westinghouse for all terminal blocks used in FNP instrument circuits,



Justification for Continued Uperation

J. M, Farley - Unit 1 '
Terminal Blocks Used In Instrument Circuits
Page 2

11,

A review conducted by the NRC during the week of November 16 through 20th
indicated that the tecnhnical analysis approach used to justify the 1 x 107
ohms insulation resistance value was not acceptable to the NRC Staff, APCo
believes that the methodology empioyed for the analysis along with the
resulting values are technically soun? and justified, However, to further
exemplify the amount of conservation built into the setpoint analysis,
additional reviews and studies were performed,

EVALUATION

A thorough review of the Sandia NUREG report was performed which resulted in
confirmation of basic assumptions such as the insensitivity of the terminal
blocks to chemical spray, the ‘ack of surface film dependancy on roughness,
and the recovery of IR's as temperature is diminished. Additional
discussion is provided in Attachment 1 to this report, As explained in
Attachment 1, correlation of the Sandia test results to the post accident
performance of terminal blocks at FNP can not be made in a guantitative

manner,

The previous evaluation of the impact of cable and terminal block leakage on
RPS/ESFAS and ERP setpoints (Ref, WCAP-11653, November 13, 1987) considered
a conservative value of 1 x 107 onhms for terminal block IR and, combined
with other contributors to channel inaccuracy, confirmed that the RPS/ESFAS
functions will occur as required in the plant safety analysis. Furthermore,
the use of existing ERP setpoints (without revision) was confirmed to not
impact plant safety, At the time of reactor trip and during post accident
monitoring, there were no uncertainty increases which could cause the
operator to be mislead into performing inappropriate actions, In view of
the ¢continuing concerns raised by the NRC regarding the terminal block
insulation resistance values currently demonstrated in the FNP EQ
documentation and used in instrument inaccuracy studies, an evaluation has
been performed to assess the impact of reduced IR values on the ability to
achieve and maintain safe shutdown following design basis events, Tne
results of this evaluation are described in Attachment 2.
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Terminal Blocks Used In Instrument Circuits
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The evaluation described in Attachment 2 considered the poitulited design
basis events of large and small break LOCA and secondary pipe breaks, A
minimum set of safe shutdown instruments and their functions, potentially
exposed to a harsh environment were identified., The evaluat.on deterinined
that if a terminal block IR value of 5 x 1U° ohms were conservatively
assumed as the worst case value for that minimum set of instruments, the
resulting instrument inaccuracy will allow the current ERP values to be used

without change,

Terminal block testing performed by Sandia National Laboratories (SNL) is
documented in NUREG/CR-3416, As discussed in Attachment 1, correlation of
the Sandia test results to the post accident performance of terminal blocks
at FNP can not be directly made. However, in recognition of the concerns
that the Sandia tests have introduced, an evaluation was made of desian
basis LOCA and secondary pipe break using IR values derived from the Sandia
results, Figure 1 represents a correlation between temperature and IR
conservatively assuming a logarithmic relationship between temperature and
IR, Tnis data is based on IR values for GE tB25 terminal blocks measured at
175°C and 95°C. Additional discussion on the relationship of IR to
temperature is contained in Attachment 3, The methodology employed by
Attachment 2 was to determine the containment temperature at which the IR
value would decrezse below the value of 5 x 10° ohms, At values of 5 x 10°
ohms and above the operator can use his instruments with confidence under
the existing ERP's and setpoints. Having determined this containment
temperature, the FNP temperature profile is used to define the periods of
time when IR is below this threshold value, thereby defining the periods
during DBE's when inaccuracy would be postulated to be greater than that
accounted for in the ERP's, The results are shown in Figure 3.,0-1 of
Attachment 2, This period of interest occurs at a time when no operator
action is required based on instruments exposed to the postulated harsh
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environment, Fcr large and small LOCA, no mitigative or recovery operator

actions are required using instrumentation in a harsh environment, For
secondary breaks, safety injection termination (the required manual operator
recovery action) will occur after the instrument accuracy returns to an
acceptable value, The onset of excessive instrument inaccuracies as shiwn
in Figure 3,0-1 is not expected during a DBA since the following
conservative assumptions were considered:

1.

The test profile shown in Figure 1 of Attachment 3, used to obtain the
IR values assumed in Figure 1 greatly exceed the maximum calculated
design basis LOCA/MSLB temperature profile for FNP,

The physical configuration of Phrase [ specimens in the Sandia test
produced more severe conditions than would occur at FNP, The conduit
was routed up the exterior of the enclosure and terminated in the test
chamber approximately 12 inches below the steam inlet port and the
spray header, Neither end of the conduit was sealed, (See Attachment
1.)

Sufficient test data exists to indicate that #12 AWG conductors will
exhibit lower IR values than smaller #16 AWG conductors with the same
insulation system, The Sandia testing used #12 AWG cables whereas #16
AWG 1s used in FNP field cables for RTD and transmitter applications.
(See Attachment 1.)

The containment temperature profile assumed is derived from worst case
assumptions described in FSAR Chapter 6.2 including 102% power, minimum
ESF, and only one containment cooler, The profile which would result
from more realistic assumptions would be significartly lower,
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5., The minimum values of IR and corresponding high leakage currents
recorded in the referenced SNL test results are conservative, and are
not representative of values that would be expected at FNP during
LOCA/MSLB design basis events, Minimum values of terminal block IR
values higher than those recorded in the SNL report are supported by
CONAX Text Report IPS-107, and Wyle Report Nos, 17775-1 and 17733-1 for
MSLB/LOCA temperatures relevant to FNP, (See Attachment 3.)

111, CONCLUSION

Based on the above, Alabama Power Company concludes that there fis
reasonable assurance that the instrument loops will perform their safety
function when called upon to mitigate the accident for whicih they are
needed, However, to further remove the point of contention regarding
terminal block performance and thereby increase the margin of the
westinghouse setpoint analysis, APCo will replace the terminal blocks of
concern in Unit 2, during the fifth refueling outage, with qualified
splices not relying on terminal blocks and APCo will take the same measure
for Unit 1 prior to startup from the eighth refueling outage, currently
scheduled for March 1988.
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- ATTACHMENT 1

Additionel Clarifications Regarding the
Gualification of States NT/IZWM and G.E.
CR1%1B Terminal Blocks at
Farley Nuclear Plant (FNP) Units 1 and 2
in Low Voltage RFS/ESFAS and ERF
Transmitter and RTD Circuits

QUALIFICATION REQUIREMENTS AND STATUS

States terminal blocks mounted in NEMA 4 enclosures, and
G.E. CRi®iE terminal blocks provided with the G.E. Series
100 glectrical penetration assembly terminal boxes were
installed in containment safety related instrumentation
circuits at FNP during comstruction. As such these blocks
including their performance and installed configuration were
required to be and are qualified to the DOR Guidelines for
ENP Unit #1 end to NUREG-0%B88, Cat. 2, for FNP Unit 42, In
accordance with LOCFR50.49, Par. Kk, requalificatian of this
electric equipment is not required.

EFFECTS OF LOCA/MSLE ENVIRONMENT ON TERMINAL BLOCK LEAKAGE
CURRENTS AND PERFORMANCE

1€ Information Notice No. B4-47 indicated that as a result
of testing performed by Sandia National Laboratories (SNL)
for the NRC it was shown that & moisture film will form on
the surface of terminal blocks during the simulation of
LOCA/MELE events. (Ref: NUREG/CR-3418; SANDBI-1617, Frintec
August 1984, Note that this reference was not provided in
IEN B4-47), This film will result in the reduction of
insulation resistance between terminal points and ground,
and thus will allow some leakage currents to flow to ground.
1EN B4-47 further states that the NRC staff recognizes that
leakage currents do exist during LOCA/MSLE simulations and
that the leakage currents may be of significance in some
applications.

Ne written response to the notice was required, and it was
suggested that licensees:

1. Review their facilities to determine if terminal
blocks are used in low-voltage applications, such
as transmitters and RTD circuits, and

2. Review terminal block gqualification documents to
ensure that the functional requirements and
sssociated loop eccuracy of circuits utilizing
terminal blocks will not degrede to an
unacceptable level due to the flow of leskage
currents that might occur during design basis
events.

The rotice further stated that the NRC staff considers this
review to be part of the on-going activities that licensees
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are currently undertaking to resclve other environmental
deficiencies per 1O0CFR30.49 deadlines and requirements.

1EN B4-47 indiceted that where existing terminal block
qualification testing does not provide supporting dats for
instrumentation leakage currents, the following possible
corrective action could be considered:

Obtain documentation 7rom valid qualification tests
already performed with substantiated data for leakaye
currents, and perform appropriate analysis to
demonstrate that acceptable loop accuracy and
sssociated response times for instrument circuits

utilizing terminal blocks are being maintained
throughout various operating conditions.

Two other possible corrective actions were also stated which
involved either additional qualification testing of
installed terminal blocks with provisions for continuous
monitoring of leakage currents throughout the test with
analysis of locp eaccuracies, or replacement of installed
terminal blocks with qualified splices.

ENF_EVALUATION OF TERMINAL BLOCK LEAKARBE CURRENTE

Btates cerminal blocks in NEMA 4 enclosures were qualified
for FNP Instrumentation and Control circuits inside
containment by Wyle Report No. 44354-1, Post LOCA
simulation of Insulstion Resistance (IR) values were
recorded, but no leakage current or IR values were recorded
during the LOCA test phase to permit quantification of tha
surface moisture film leakage currents discussed in IEN



84-47., CRi151 and States NT terminal bleocks installed in G,
E. Series 100 Low=-Vo)tage Instrumentation and Control
Penetration NEMA 4 terminal boxes inside containment were
qualified for FNF by G.E. as stated in B.E. Qualification
Test Summary Report 994-7%-011, dated March 27, 1975, This
report provides one minimum value for IR associated with
LOCA simulation testing of the CRiSi1 and States blocks, but
insufficient leakege current or IR values recorded during
the LOCA test phase exist to permit gquantificetion of the
surface moisture film leakage currents discussed in 1EN
84'470

Due to the lack of date recorded in the DOR Buideline and
NUREG-0%88 Cat. 2 qualification reports for the FNP Etates
anc CR1SIE terminal blocks installed in NEMA 4 enclosures, a
documentation search was conducted to obtain documentation
from already performed valid qualification tests of
identical or similar terminal blocks which could provide
leakage current or IR data recorded during the simulated
LOCA steam conditions. Of the test report documents
evaluated, including the SNL test documentation upon which
IEN B4-47 was basecd, the most representative test ef FNF in
containment terminal block and enclosure configurations
which provided IR readings curing simulated LOCA/MSLE steam
conditions was Conax Report No. IPS-107, dated 10/85/7%.
Mimimum IR values zontained in this report which were
cbtaired during LOCA simulated stesm conditions were
reviewesd and a conservatively low IR value was provided to
Westinghouse for cdetermination cof the resulting leakage
currents and their affects on RPE/ESFAS and ERF setpoint
accuracies,

WCAF-11658 addresses the results of this evaluation , and
response to APCo E. O, Action Items OIF and 047, addressrs
the methodology used f-r the selection of the terminal b.ock
IR value used in the Westinghouse evaluation,

< NOT R W
P- T1ON

All the following comments are based on & review of
NUREG/CR-34168, SANDBY-1617 entitled "Screening Tests of
Termiral Block Performance in a Bimulated LOCA Environment”
printed August 1984 and are in reference to sections of that
document (Attachment #1A to this clarification report). it
is important to note that only Phase I testing was performec
on B.E. CRISIE (Manutacturer I, Model B) anc States ZWM
(Manufacturer 111, Model D) terminal blocks as shown in
Table 1, Pg. 12,

o Environmental Test Temperature and Pressure
Profiles - As shown in Figure i, Pg. B, the tes’
temperature and pressure peaks as vell as profile
durations greatly exceeded the maximum calculated

-3=



DBE LOCA/MSLE surface temperature conditions for
FNP in containment terminal block applications. As
stated in the last paragraph on Fg. 32 of Sect.
4,3.4, "Termiral blocks 6,11, and 12 (States ZWM)
experienced a temperature effect. Their
inter-terminal barrier softened almost tc the
liquid melt peint, end flowed from between the
terminals., The melted material covered some of
the lower posts of the terminals, encasing the
wires and drooping below the temrinal bleck in
large globules. Surprizingly, as Figure 20 shows,
the terminal-to-terminal insulation resistances
for terminal blocks &, 11, and 12 were among the
highest measured. We have no reascnable
hypothesis to explain this behavior. We can
speculate that the phase change of the
inter-terminal barrier materiel prevented in
someway the formation of a continuous film between
terminals, or that changing geometry somehow
s‘fected the process of conduction between
adjacent terminals"”, Geometrical changes of the
inter-terminal barrier occured in Wyle Test
44%84~1, but conplete melting did not occur.

No chemical spray was introduced in Fhase I LOCA
Testing. (However, Section 5.5, Pg. 126 of the
conclusion states that little change in the
moisture film conductivity may be expected as &
result of chemical spray and therefore, chemicel
sprey would appear to not be a significant issue.)

Physical Configuration of Fhase ! Specimens -
Three é&~-pole CR1ISLIB and three é-pole States ZWM
terminal blocks were all mounted vertically in the
same NEMA 4 enclosure (Enclosure 2) as shown in
Figure 4, Fg. 11, Cables were brought inte the
sice cf the enclosure through 3/4 inch dismeter
liquid tight metal hose using elbow conduit
terminators to penetrate the NEMA 4 enclosure
walls. The conduit was routed up the exterior of
the enclosure, and terminated in the test chamber
head approvximately 12 inches below the steam inlet
port and the spray header. Neither end of the
conduit ws sealed., (Bee bottom Pg. 16, end top of
Pq. leo)

All cables used to connect the terminal block test
circuitry were #12 AWG, either i-conductor or
t-conductor. The direct steam jetting wxposure
inte the open conduit from the steam inlet port is
not representative of installed instrumentation
conduit configurations at FNP, and the use of #12
AWG single conductor and multi-conductor cable is
not representative of the FNP installed

-‘0
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701 JOHMN GARL INGTON
FROM: JESSE LOVE
IR vs TEMPERATURE SUPPORTING INFORMATION FOR JCO

As dr-umented in numerous valid test reports, conducted by Wyle,
SNL and other incdustrial test crganizations, electrical cable and
terminal blocks exhibit generic characteristics with regard toc
(nsulation resistance (IR) versus temperature during simulated
LOCA/MSLLB test cvonditions., The generic characteristic is that IR
values are invorsely proportional to temperature i.e. lower
temperature yields higher value of IR, Conversely with regard to
leakage current, leakage current is directly proportional to
temperature. SNL Report SAND 83-1617 provides numerous data
representations which demonstrate this accepted phenomenon.

Figure 1 of Wes:yinghouse letto- dated 11/2%/87 was mada from
plots of SANDB3I~1617 (SNL) Fhase 11 test data for exposure of
G.E. EE”% terminal blocks to the SN.L Phase Il simulatead LOCA/MSLE

s protilsel{Attached Figure 2, Pg. 9 of SANDB3I~1617). IR test data

" ¢or an EB2% block was used from the SNL report as there were no

tates ZWM, or CR1ISIE blocks tested by SNL in Phase 1, and the

EB 2% bleck is similar to these FNP installed bBlocks. Phase 1
data which did record leskage currents and IR values for States
7WM and CR1%1B blocke was not used due to the inaccurecies
associated with thn SNL electrical test circuitry that measured
leakage current values during Phase I testing.

The mimimum values of IR and corresponding high leakage currents
recorded in the referenced SNL test results are extremely
conservative, and are not representative of values that would be
expected at FNP during LOCA/MSLE design besis events, Minimum
values of terminal block IR values higher than those recorded in
the ENL report are supported by CONAX Text Report 1FS8-107, and
Wyle Report No.s 17778~1 and 17733~1 for MSLB/LOCA temperatures
rele.ant to FNF,




instrumentation cable. Installed instrumentation
cables at FNFP for RTD and transmitter applications
are ®1é6 AWG,

Sufficient test date exists which appears tc
indicate that #12 AWG conductors will exhibit
lower IR values than smaller #1é6 AWG conductors
with the same insulation system when exposed to
LOCA steam conditions. As the #12 AWE cable is 2
part of the test circuit and its contribution to
IR and leakage currents resulting from steam
moisture is included in the terminal block
meesured data, additional error may have been
introduced.

Electrical Configuration of Phase 1 Test~-(Bect.
.4, Pg., 10, Figure 10, Sect. 4.1, Pg. 29 anrnd last
paregraph Fg. 94).

A serpentine connection of alternate terminal
block (TE) poles was used which did not result in
the messurement of a unique pole~to-pole resistive
path., Aes stated in Sect. 4.1 "The serpentine
connection of the é-pole terminal blocks actually
provicded ® parrallel resistive paths., Each of

these paths, indicated R, through R, in Figure 16,
is in turn a parellel Co*biﬁlticﬂ o: an infinite
number of paths, i.e...a surface.*” "In measuring
the lealage currents the equivalent resistance of
these 5 surfaces is actually measured, Without
further data or assumption the indjividual values
of the surface equivalent resistances, R, through
R, cannot be determined”. :

S
Also as stated in Bect., 3.4 "only one ground
return path existed for all 12 phase I terminal
blocks, & blocks per enclosure. For the majority
of the Fhase | test, all blocks ware powered
simultarnecusly, and hence only pole-to-pole
leakage current deta is relevant’,

As stated in Section 4.4.3, Pg. 94, last
paragraph, "If the conduction paths were uniformly
distributed over the terminal block surface, the
differences in wiring between Phase ! (serpentine)
and Phase Il (straight through), would cause the
Prase ! IR's to be less than the Phase II IRs.
This result is a simple consequence of multiple
perellel conducting paths. For our experimental
configuration there was approximately five times
the pretested conducting surface available on the
Phase ! terminal blocks as compared to the Phase
11 terminal blecks. Consequently, the insulation
resistance for the Phase ! terminal blocks could
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reasonably be expected to be one f1ifth of the
Prase 11 IR's., Except for the A path of Prase Il
terminal block 4, the AdVdc data and the 125 Vdc
support the hypothesis of uniformly distributec
conduction."

The serpsntine test circuvitry used to measure the
Stetes and CRISIP test specimen leakage currents
and IR‘s did not yield direct individual
pole-to-pole or pole to ground values of IR during
the LOCA steam environment simulation, and are
subject to hypothesis in order to arrive et
required pole-to-pole values.

General Applicability of Fhase 1! Test Data - As
stated above, noc Phase 11 testing was performec or
CR1%1E or States terminal blocks., Tha only block
tested in Phase Il based on present available
information which appears to be similar to the
CR1ISLIE and States blocks with regard to, block
material, pole-to-pole spacing, the presence of &
barrier between poles and a one-piece Non channrel
mounted block is the G.E. EB2% (Manufacturer I,
Model A). 1t should be noted that Table, 1 Pg.
12, incorrectly stetes that the States ZWM block
is a sectional bleock. 8Six EB2Y blocks were testecd
in Phrase 1], Although, the electr.cal test
circuitry of the Phase 1] test yields more
realistic values of leakage currents and IR's than
Prase | test, other electricael test anomolies, and
the configuration and environmertal test profile
are not representative of the installed condition
et FNF,

1t is interesting to note that the only physical
design affects analyzed were related to whether or
not the blocks were sectional or one piece as
stated in Sect, 4.4,1.3, Pg. B1. No apparent
attempt was made to correlate lesakage current
performance to geometrical considearations such as
the presence of barriars and height of blocks with
barriers between poles or pole-to-pole spacing.
Perhaps the conclusion stated in Sect. 4.4,1.3
that "Figures 34 through I9 show about one to two
orders of magnitude difference between the
performance of tarminal blocks 5, 6, and 12 and
the one piece blocks, the one pisce blocks being
better.” is not singularly related to the
sectional block design, but to other geometrical
considerations. For the Phase I1 tests, the one
piece blocks referenced here are G.E. EB25 blocks
which have similar pole spacing to the G.E. CR151B
and States IWM one piece Dlocks and do possSEsSs
barriers between poles.

-.-
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- ATTACHMENT 2 ~
Wastinghouse Pawer dystems ey o
Electric Corporation e
Pirtadu/g Penagyvana 18230.038%
ALA-87-882

rat: 87-1000
Novembar 23, 1587

Mr. W, G. KHairsten, III, Vice President
Nuclear Generation

Alabama Power Conparny

600 North Eightserth Street

Bixmingham, Al 35291-0400

Attn: Mr, J.X, Garlington

Joseph M, Farley Nuclear Plant
Units No. 1 § 2
ERE_Information

Dear Mr. Hairston:

Attached is additional information on the report which was generated for
Alabara Power Corpany entitled "Evaluation of the Impact of Cable and
Terminal Block Leakage on RPS/ESTAS and ERP Setpolnts" dated Noverbe.
1967, This information was generated as a result of the NRC Egquipmert
Qualification Audit which was held during the wesk of Novenber 16, 1987,

et ©

Very t:uly yours,
WESTINGOUSE ELECTRIC CORPORATTON

99%..//

cmdn-qcm
Am:myzojcct

AJ/DGLy/ &y
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ATTACHMENT ALA-87-882

The attached table contains a listing of Farliey Unit 1 Enmergency Response
Procedure (ERP) harsh environment instruments, significant safety related
functions of each instrument, and time usage fectors and diverse
instruments for each function. The purpose of the table is to list the
instruments potentially mubject to a harsh environment for the Farley
design basis events. These instrumei:s have an environmental allowance in
their calculated uncertainties used in the ERPs. The design basis events
are large and small LOCA and secondary systenx piJe breaks; {.e., steanr
line and feed line breaks.

A review of this table results in identification of a minimunm set of
instrunents, and their functions, subject %c & harsh environment and alsc
necessary for safe shutdown froz design basis ev. ts. These are RCS
subcecling, Wide Range Pressure, and Narrow Range Steam Generator hater
level. Backup instruments have heen identified where available. Other
instruments necessary for safe shutdown are lccated in a »ild environment
or are not affected by current leakage. Other !nstrunents used in the ERF:
are not used to base any reguired actions within the Farley design bavuis
events or will not cause any actions to be taken datrimental to plant
safety 1f the inst.zent uncertainty exceeds the alicwance presently in the
Farley ERPs.

For RCS Subcooling, Steam Generator Narrow Range Level und Wide Range
Pressure, it is recommended that for Farley Unit 1 that a containment
terperature criterion ke dotingd that is indicative of current 1eakago
resistance of less than 5 X 10° ohms. A value of greater than 5 X 10

ohms results in an instrument inaccuracy that will allow the current ERF
values to be used by the operator to take action as spacified in the ERFe.
The tarperature or & corresponding containment pressure eriterion should
be used as guidance to the operator using the ERPs on when to consider
that sdditional error above that already accounted for in the ERPs may
exist. Undar conditions exceeding these criteria no actions which could
reduce t.ue margin of safety, specif!-ally terrmination of safety injecticn
Lased on RCS Subcooliing or stopping of all auxiliary feedwater based on
Stesr Generator Narrow Range Level or stopping of KHR pumps based on Wide
Rarge Pressure, should be perforrmed since She errors may exceed thoue
accounted for in the ERPs. After containment conditions have returned to
below thase criteria the operator can safely resume the use of the ERF
specified values, provicgd that the leakage current resistance will
ingr04ue to above 5 X 10° ehms. The temperature criterion based on 5 X

10 ohms would also apply to Pressurxizer Level use in conjunction with
RCS Subcooling for Safety Injecticn terminaticn and reinitiation. 1f ==~
L P values fzr RCS subcooling are changed for bafety Injgction
termination, then a leakage current resistance of 1 ¥ 107 or grester
culd be acceptable for use.

sased on a review of Figure 1 ard rigure 3.0-1, the instrument inaccuracy
‘hat exceeds the value that the cperator can utilize with conflidence
cecure at a time when no operator action bak. . on instrumcntation ir %
harsh environment is required for the design basis events described above.
For iarge and small LOCA, no mitigative or recovery operator actions are
required rased on instumentation in a hareh environment, For secondary
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breaks, Safety Injection terminatior (the reguired manual operator
recovery action) will occur after the instrument accuracy returns to an
acceptabls valus., Thorsfors, the sperstay limitarion dascribed in the

previcus paragraph will not prevent any necessary operator actions from
being perrormed.

A review of the Reactor Protection Systen end Emergency Safeguards
Features functions has determined that the signiticant functions required
¢or harch environrant events (pressurizer preassure - Low SI and steanr
generator water level - Low=low) are reguired only pefore £ minutes after
the event occurrence for pressurizer pressure = tow SI and 60 seconds for
stean generator water level = low=L'w., This early time of use .n the eve "
should ensure that the function necessary will be performed before a
significant error from leakage curraent develops.



PARAMETER
CI™T Sump
Level/

Subcooling

WR 33
Pressur=

wRT (HOT)

FONCTTOR

A. Identify LOCA
B. CIMMT Recirculat ion

C. Critical Safety
Function

A. Tdentify LOCA

B. CIMT Integrity CSF
C. Advorse CTMT for
Instrumentat ion

A. ST Termination and
Re-initiation

B. CSF Monitor
C. RCP Trip

A. SI w‘lmtim/
Yread only

8. RCS Subcoooling

C. C¥F ty

D A Lfamp ©

A. BCS Jubcooling

A.

B.
C.

ﬁ.

TABE

Short Term
< 20 min
Loog Term

Jloong Term

Short Term
_(_20-1n

long Term
Long Term

Long Term

Short Term
< 15 min

Long Term

Long Term
Long Term
lu’Ten\
Long Term

DIVERSE PARAMETER COMMENTS

(A-1; CTMT Radiation (Aiist)
(A-2) CTMT Pressure (RR or WR)

RWST Level Only verification -
ST level primary
None Beyond Design

Basi= for Flood

(A-1; CMMT Radiation
(A-2) CTMT Sump

CIMT Pressure
mot affected
by current

1 eakage

NONK

CT™MT Temperature

(A-1) PZR level

(A-2) RCS Pressure (WR)
(A-32) PZR Pressure
NONE

CIMT

Needed, Needs RCS
Presswre +
Tomperature,
margin available
Trip on Adverse
CIMT as bacia:p

(A-1) PZR lev-l

(A-2) PZR P'ressure, backup
PZR Pressure

P7ZR Preswure

Needed or backup
(A-1) Core Exit TC Needed, Unlt 1
(A-2) WRT (Cold)

(A-3) SG Pressure

HSRP LSHI-O3M 8T:p0 8¢ 2 AON
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7. W. 5T Level

B. KR SC Lawel

9. VIR Level

10. CETCs

#11. CIMT
Radiation

#12. CIMT Temp.

Backup Lo NR level

Ve-ify heat aink for

(SF, LOCK “STEAM
Line Break

ST tewmination &
re-initiati-n

CSF Inven..ry

In.deqmte Oxe Oooling A.

BCS Suboociang

Identiry LOCA
Baclap only
Adverse CIMT for
Iratrusentat ion

CITMT Monitor for CF

TARE (continued)

TIME

A. Log Term

B. Long Term

A. lLong Term

A. Long Term

;
i

;
i

id
i

it
izg

C. Long Term

Backup to (TMT Pressure A. Long Term

Tor adverse CITMT
imtrumentat ion

DIVERSF. PARAMETER

(A-1) Core Exit TC
(A-2) WRT (Hot)
(A-3) SG Pressure
NONE

(A-1) MR 3G Level
(A-2) AFW Flow

(A-1) AFW Flow
(A-2) WR % Level

(A-2) RCS Subcool ing
(A-2) WR RCS Preasure

{A-3) PZR Preasure
NUNE

¥R T(Hot)

(B-1) WR (THOT)
(B-2) W& T(COLD)
(B-3) S Pressure

(1-1) CMT Sump
(1-2) CIMT Pressure
Sample CTMT Atmcsphere

Semple CTMT Atmosphere

CIMT Pressure

ot addressed in WCAP 11658, listed here only as prteatial backup instrument.

Baclup only

NOT DBA,

information

Mo actions
solely on PZR

Above 1700 psig only

Only yellow path
which is not

Not. DBA
Unit 2 Only

Bockup only

To wunisolate

Backap only

YSAP LSy3-O3M 61:90 L8, P2 AON
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TARLE (continued)
ASSMPTIONS

All Rx Trip/ESF in WCAP are SHORT TEFM. They perform their furnstion before they see a significant adverse
CTMT. Bven SG level for Rx trip and PZR vressure SI perform their function before they see a significant

16 instruments are required (minimm #) for a DBA to reach Safe Shutdown.
- 12 are in a harsh enviromment - see pages 1 thru b
-~ 9§ are in a mild enviromment (not listed on Table)
-~ AFW flow - SG Pressre
-~ ST level -~ CST level

Any other instruments required for post-accident monitoring (WCAP) are not required for DBA to reach Safe

HSOP LSU3-O3M 61:98 L8 92 AON

s'd



3,

>

—

TEOW AL BlocK IR Vs JEmEXATNE
FRom SwiL. MEPORY Sanp B3-1617

FlG. A)-Zt Py 210 FHAsE 2 17T ORP

¥

Yo {.uﬁ‘.(' oV H t/

711961:/

2 AON

72.73‘;;2‘: ‘L&s-‘DJGAEZ::d 8

—+

11724 21197



(SG4023S) Iy
! H b

I

A«H(]( 1)1'7?(’.-7 7J V;<

|

oy buey
Sameiadei] pay ) ioads yeay
Aumeiadee| paysa) yeay

NOV 24 87 84:20 WEC-ERST axsa

340T1IANT JNIVEIANIL HOdVA AININNIVINGD
;. SWY0T 11 1S0&E00D
Ov-2°% pue
“€1-2°9 “11-279 samb g saaim)
HYS1 U0 paseq S) aam sayy I0°C I 4




v~

- EmEr

erj)eayg samysiedun) -0-!, 1aug 13 sevNd

T sntyy

20011 Q384VIa WIOL

e eeee code] me

L L
- ”® e

e - e b

-.-----r— - st bRy
s end A=

T

i $3
H L3 ]
L ]

1

I

]

Attachment 3
C1 re 1

rrasmssascsssscash




ENCLOSURE 3.(b)

RAYCHEM/CHICO ENYIRUNMENTAL SEAL QUALIFICATION

11725 98139 7207314 €27



NRC Proposed Yiolation:

The Chico Seal qualification package has not demonstrated that Raychem will
bond to conduft, 4

APCo Position:

The postulated failure mechanism discussed during the oudit was chemical
$pray during a LOCA reacting with the zinc coating on the ?clvonizod stee)
nipple to form a gray powder over the nipple. The result fs a path for
enough mofsture to enter the 1imit switch between the Raychem and the
degraded conduit causing the Timit switch to fail, The following paragraphs
descridbe 1n detaf) the Farley configuration and {ts configuration reiative
to the postulated faflure described above. In summary, 1t should be noted
that Chico A alone provides a pressure tight seal fngide the pipe nipple
which provides a pressure t!ght seal. To provide additional assurance that
motsture will not enter the limit switch, three additfonal bDarriers have
been applied to the FNP configuration. They are:

1) Raychem breakout boot
2)  Keeper sleeve
3) Compression adapter clamp

The Raychem breakout kit used for the FNP application s environmental)y
qualified fncluding therma) 83ing, frradfation, and LOCA testing (Reference
Wyle Test Report No., 58442-2, dated 4/03/81). The Farley configuration uses
d breakout at the end of pipe nfpple. Since the breakout had been qualified
previously, Farley conducted a test on the RAYCKEM/CHICU environmenta) sea)
conf1?ur0tion shown fn Figure 1 for pressure andg temperature conditions
postulated durfng a LOCA ?Referonco uslffication Tostin? of Raychem
Environmental Seals for Aladama Power Co., Joseph M, Far ey Nuclear Plant,
dated 12/30/8i). The test did not fnc)ude @xposing the test specimen for
chemical spray. The following paragraphs address the affect of chemical

spray.

The environmental seals used with NAMCO EA-180 1imit switches are composed
of a Raychem WCSF breakout boct that has been shrunk onto a 1" pipe nipple
attached to the 1imit switeh (See Figure 1). The 1ndfvidua) conductors
connected to the switch pass through the breakout boot which forms a sea) to
the conductor fnsulatfon/jacket. To provide mechanical rigidity to the
breakout boot, the nipple and the breakout boot are filled with Crouse-Hinds
sealing compound (CHICO A) and a'lowed to cure. In addftfon to providing
mechanical rigidity to the dreakout bdoot crotch, the CHICO A provides an
additional pressure ti?ht barrier (seal) insfde the pipe nipple which s
environmentaily qualffied., CHICO A was qualiffed by test conducted by
Southwest Research Institute (SWR! Project No. 03.4974-001) for use as
drywell penetrations for Grand Gulf Nuclear Statfon. In addition, on the
recomnendation of Raychem, a keeper sleave was installed over the bdreskout
boot and the nipple to add rigfdity to the boot, and to keep the boot 1n
place during elevated accident temperatures when the adhesive softens.

11725 08136 7287316 w28
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APCo Position: (continued)

In the fina) assembly, an appleton co:g:ossion adapter 1s clamped over the
keeper sleeve to provide support for flexidle conduit, and 1t also
mechanically clamps the keeper sleeve to the pipe nipple,

The 21n¢ coating or the galvanizod steel nfpple may Interact with the
Chemical spray during LOCA and form a gray :owdor over the nipple. MHowever,
the chemica) SPray does not react with the dychem S1119 adhesive (Reference
Wyle Test Report No. 58442.2, Section 3.4, Page © and Section 3.4.2), In
addit'on to the duration of spray at Farley 1s only 87 minutes and the
fndfvi 1ya) conductors wil) de effectively shielded from the spray,

Should there be a fatlure of the adhesive between the pipe nipple and the
breakout boot, for whatever reason, the seal assemdly would remain intact
because of the keeper sleeve and the clamping action of the compression
adapter. If 1t 1s postulated that the breakout boot, the keeper sleeve and
the compression adapter clamp a1} fail, the fnternals of the NAMCO Timit
s~1;ch will sti11 be protected by the approximately 3 inch Tong CHICO A
seal,
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