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In reply refer to AP-13541

Mr, W, G. Hairston, I1I

Alabama Power Company

600 North 18th Btreet

Post Office Box 2641
Birmingham, Alabama 35291-0400

Dear Mr. Hairston:

Joseph M. Farley Nuclear Plant Units 1 and 2
Bechtel Job 7597-011/%22
Blectric Hiéxogon Recombiner Bplices =~
Justification for Continued Operation

(PCR B7-0=-4441)
Bechtel File A-78, E-91
AP=-13541

Attachment 1 is & revision to the Justification for
continued operation forwarded b{ AP-13525 dated

September 17, 1987. This revisicn is based on "As-built"
information provided by APCO on the 1A Hydrogen Recombiner
(see Appendix A). This includes the clarification that tape
is not provided between the individual heater conductors.

1f you have any questions or comments, pleass contact us,

Ypurd] very truly,

”

f C. Gandhi
Project -Engineer

KCG/AJD/DGBieg
Enclosures
As stated above

ce J. R, Crane, w/l
J., D. Woodard, w/l
J. B, Garlington, w/l
R, G. Berryhill, w/l
D. H, Jones, W/l
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Attachment 1 to letter AP-13541
Bheet 1 of §

SUBJECT: Evaluation of splices used on Hydrogen Recombine:
heater lezds to field cabled

EQUIPMENT RECOMBINER JUNCTION BOX

QIE17X001A=A  QIE17GO01A~A
QlE17K001B~B QlEL7G001B~B
Q2E17KON1A=A  Q2E17GOO1A=-A
Q2E17x001B-B Q2E17G001B-B

INTRO 10N

Each hydrogen racombiner contalins five three phase heater
banks. Each heater bank is provided with & 4/C #8 AWG power
cable (as described in Appendix D) terminated on Terminals
1, 2, 3 & > of the heater bank terminal block. The other
end of each 4/C #8 AWG power cable is brought into the power
junction box as leads A, B, C & N (Refer to Westinghouse
drawing 1366C51). The power junction box is located on the
outside of the recombiner enclosure (Refar to Westinghouse
drawing 7189019). BEa~h heater lead i provided with a Hylug
YAVEC~L3 ring tongue connector in the ‘unction box. The
field (power supply) cable consiste s¢ 4~1/C #1/0 (Cable
Code JOB) Okonite cables. Each t!ngla conductor of the
field cable is connected to the ~crresponding electrical

phase power leads from the fiv" haotec perks, The splice

dstail shown on Appendix A is typicel [or sach electrical
phase (A, B, C and neutral).

This evaluation sssumes that the fiald cable to heater bank
lead terminations have besn mafe v2ing & bolted lug
connection which is insuiated by Okonite TH3/835 tape
materials. It is aseumed chai the detalls of Appendices A
and D are applicable to both recembiners on each unit.

EVALUATION

During normal plant cperation the hydrogen recombiners ars
de-onergized, The recombiners are manually actuated after
LOCA initiation, 4f required, based on the applicable
emergency operating procedurs. In addition, the recombiners
are tes.ed (2avery 6 months) and inspected (every 18 months)
per technical specification paragraph 4.6,4,2, These tests
and inspeztions, which verify operability of the
recombine.s, include hester sheat! operaticn at design power
conditions, visuval inspactions of the cablec in the pover
junciion box and recombiner enclosure, and

neulation resistance checke of the heater electrical
circuits.,
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Okonite's test report (NQRN=3) gqualified a 3KV taped inline
splice usin 795/435 tape materiale. Thess tape materials
have a qunlgfiod 1ife of over 40 years at 90C opornttnz
temperature, 200 MRad's radiation axposure and a DBE with a
peak of 3457 and 114 peig.

The Farley total integrated dose of 80 MRads for inside
containment is far less than 200 MPad's test level and
Okonite's test temparature and pressure provide adegquate
margins over FNP design basis accident gonditions of JVIF
(peak MSLB surface temperaturse) and 48 peig (peak LOCA
pressure) .

The ¢80 VAC splice configuration shown on Appendix A has T95
tape dimensions less than reguired by the 1009 VAC and 20€0
VAC design details shown on Drawing A=172396 sheet 1. In |
addition, it cannot be verified if sach heater lead is
wrapped with T95 tape to fill the annular gap between the |
individual heater cable conductors.

For the purpose of this evaluation it is assumed that five
heater isad cables per splice are ptacked and wrapped with
79% tape insulation and ¢33 jacketing material, and that the
minimum dimensional requirements necessary to provide
adeguate electrical insulsting charccteristice for 480 VAC
operation under normal plant service condition exist

(Ref. Tech Spec Surveillance). with this configuration, the
only potential concern exists under postulated accident
environments when moisture {noursion inte the terminal lug
area due to wicking or entrance via the annular gap between
the heatey power leads could be postulated.

> gven though there is a potential path for moisturs to

intrude on the bolted splice area under the insulating tape,
this intrusion is of no concern to the cperation of each
power cable phase splice since all individual like phase
conductors are electrically connected at the bolted splics.
Also, meisture in-leakage is not considered degrading to the
material properties of the TS5 tape itself since the splice
is not sublected to cycliz voltage spikes which occur during
energization and de-energization. Therefore, the only
viable potential concern is & phase~to-phase or
phase~to-ground short external to the splice., FPor these
shorts to occur, & substantial current path due to molsture
would have tc be established from the bolted connection te

the power junction box or to the bolted connection of
anotheyr phase.
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A moisture current bridge allowing substantial current flow
leading to faulted condition from the splice to the box i»
not considered credible since the current bridge would nave
to be established from inside the tape bundle then traverse
the external surface of the tape to some postulated point of
contact with the metal “ox., Even if such & bridge could be
established it would necessarily be current limiting to the
extent that it would not impair the function of the heater
circuit.

§imilarly it 4. not considered credible to postulate a
moisture current bridge from inside one splice to an
adjacent splice which would result 4n lo.s of Hydrogen
Recombiner Heater operation during design basis accidents,
The current bridge would have to extend from inside One
splice acrcoss the external tape surface to & postulated
point of contact with an adjacent tape bundle, across that
external surface, then inside that splice t2 another peins
of exposure. BSuch a path is not nearly as likely as that
discussed below. :

It is considered credible to postulate a moisture induced
current bridge alorg the individual conductors to the point
where they come in contact with conductors fron a different
phase. The most likely point for the postulated leakage
currents to occur would be within the cable jacket of the
¢/c #8 AWG heatar cable. This point is most likely because
the individual conductors are held in contact with each
other within the bounds of the jacket. 8inwe all three
phases as well as neutral are carried in each of the heater
cables, any shorting scenarioc due %o excessive leakage
currents, phass-to=-phase or phase-to=neutral, could be
postulated to occur near the cable lead ends. To sxamine
the problem of wmoisture intrusion in this instance, then it
is necessary only t> examine the situation from the point of
{ntrusion on the unjacketed heater lead conductors to the
point where the cable jacket begins.

Irn the ydroger recombiners there are two general points of
intrusion: at the power junction box and at the heater
serminations. Since neither of these two points is directly
exyceed to spray, the only source for moisture is through
the ambient moisture contained in the relevant environment
which will vur{ from saturated to superheated conditions
during the design basis accident. This ambient moisture is
all=pervasive, so it can be postulated that all points of
the conductors will be oiunlly exposed where the jackets
have besn stripped back for terminations., Thus regardless

Ay,
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of the length of the unjacketed conductors, the probability
of a postulated leakage current i# equally Jikely.

In WCAP=7709~L Wemntinghouse has documented the test program
and results of protypically qualifying a hydrogen recombiner
generically the same as those {installed at FNV In that
program the ‘connections a¢ the powsr Juncticn HoOX and at the
heatears were the same as at FiP except that in “ie power
junction pox the splice was made up 0 an unidentified
configuration., At both points unjacketed conductors were
exposed to the test echamber acc.dent conditions.

§ince no probiems with any of the terminations was
oxpe:iencod by westinghouse, it can be concluded that
moisture related leakage currents either 4id not occour or,
if they did occour, resultsd 1 no eignificant heater
opsration problems. Either » .y the results indicate that
the installed configuration at FNP will be free from any

postulated electrical malfunctions in the field power cable
and heater lead system,

Additional verification that postulated moisture related
leakage currents are not of concern for power terminations
is provided by Wyle Report 17859-02P, Wyle Report 1788%9-02F
(Qualification test program for Commonwealth Edison
Company's PWR'S) provides qualification information on
Veshapad splices using THS 4:sulation tape and 435 jacketing
material that were subject to noisture incursion since the
crotch of the V was not fi1led with any insulating material.
Thege V-shaped aplices (specimens B4, BS, B6, and B7) are
shown in Appendix C of this evaluation. The specimens were
subjected %o an accelerated thermal aging equal to 40 years
plant life, radiation exposure of 200 MRads wamma and a DBE
profile with a peak of approximately 360F anc 58 psig. The
specimens were energized during DBE test with {nput voltage
between 528=544V AC. As aipcussed in Section IX, Paragraph
1.0 of the referenced Wyle Report all specimens except B4
assed the requ;:gQﬂggcgg;anngtgl:-.¢ Specimen Bd failed 14
surs and 26 minutes into the test. 6pecimen B4 spparently
arced at the croteh (located in very close proximity to the
metal enclosure) of the splice t© the NEMA 12 snclosure.
This specimen had visuel evidence of chemical burns from the

chemical spray which apparently concentrated on the bottom
1edge of the enclosure,

The splice shown in hppendix A i installed in the junction

box such that the crotch area is not in close proximity to
the bottom of the junction box., 1In addition, the plant
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conduit system and junction box offers much more resistance
to moisture/chemical incursion into the jurction box.

The power cable from the slectrical penetration to the
hydrogen recombiner 18 routed in a totally enilosed conduit
system. The conduit length is minimum of 30 ft, The
conduit lesves the side of tha recombiner gower junction box
and {1 routed to the penetration junction box at & lower
slevatinn., At nc point .s the cordult installation Jdirectly
open t¢ the containment environment. The plant installetion
prevents chemical sprays and condensation from directly
entering the power junction bux via the conduit. The tested
configuration in the Wyle Ropert used a NEMA 12 enc osure
with the test leads enterine the enclosure via an 18" long,

1=1/2" conduit that "/am directly open to the test chamber
environment.

The hydrogen recombiner heater lead systom was qualified by
Westinghouss WCAP 7709-L. Failure of splice configuration
ghown in Appendix A is not considered credible as discussed
above. Therefory, reascnable assurance has been provided to
sstablish that the hydrogen recombiner will perform its

intanded functions in the relevant gnviconment,
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APPENDIX=C SHT ! ©
Page No. Il CETTER AP 135 ¥/
Test Report No. 170400

The test program was performed s specified in Reference §.) and m dotalled in thiy report. 1
individus! test results and the test procedure are presented in the fol'owing sectiony

$0 REFORT FORMAT

Section | . Baseline Funetions! Tests
0 Section 1l . Norma! Redlation Exposurs
Section IIl - Post-Normal Rediation Exposure Functional Tests
° Section IV Thermal Aging
0 Scotion V ' Post-Thermal Aging Functionsl Tests
0 Section VI« Accldent Radiation Exposure
0 Section VII Post-Aceldent Radietion Exposure Functional Tests
0 Section YIII Acclde. . (LOCA) Test
0 Section IX - Post-Accident (LOCA) Functional Tests
0 Section X . wyle Laboratorier' Qualification Plan Number |78
Revision C
0.0 TEST SPECIMEN DESCRIPTION

The test specime:; conalsted of seven Byron/Braldwood samples (specimens B
pod 13 Zlen samples (specimens Z1-Z13) an Cetalled in the (ollowing table
ppecimens, except BeS which wus constructed at Wyle Laboratories, were constr
by Commonwesith Edisen Company (CECO) ‘ichniciens from the appl
gencrating station,

Specimen  Splice See A
Number,  Matazial Calisnzation : Querlan® LEL
Bl Raychem  Single conductor w14 Rockbestos 1o 2+) 173"

WCSF:N conductor w14 Rockbestot - WCSFN splice

B2 Raychem  Single conducior w14 Rockbestos to 2+) 173"
WCSFN conducior w14 Okonite - WCSF«N splice

B} Rayehem 2 conductor »i6 Rockbestos to 3«1 conductor 172"
WCSFN #16 Rockbdestos + WCSF«N splice

‘ e LE . mp— o e - '--‘-’—""’““‘ -~
/\/ —— R L — . el T T L.
B4 Okonile @14 Okonite to w14 Okonite (lugged back to .
bac.) Vetype splice w..a Okonite tape and no
. Sl Insulation tape Ineroteh . .ol L e o —

...

*Overlap refers *o the amount of dlstance that the aplice insulating materin' extended pant
the end of the meta! used in the phytical connection of the joined wires,

**Refers to the applicable sketeh In Appendix I of this section.

WYLE LABORAYORIES
Mynigwtig Faoiiny
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60 TEST SPRCIMEN DESCRIPTION (Continued) e —_
$pecimen  Splies o o ay See App. \
SNumber. b Canlisataiian Quatias  LElwaa
O Okonite wld Okonlite 1o wid Nomax (pigtail from . §
Ligitorque) (lugped back to back) Vetype splice
with Okonite tape and 80 logulation In croteh
. b6 Okonlite ®i0 Okei. ;3 10 10 Okonlte (lugged back 1o . $
back) Vetype splice with Okonite tape and A
' o Intulation In crotch
| B7 Okonite 300 + Okonite to 500 « Okonite Vitype splice ' N/A
Ak witu Okonite tape. s o
——— - S —— L e R® qot @ ey SN R
Z Reychern wid BIW (Boston Insulated Wire) aingle conductor . 1
NPKY to ASCO solenoid valve lead wire w/nons
Impregoated brald-Raychem stuk type
connesior NPKV:2:10A
z2 Raychem  wid BIV to Wi Kajioon insulnted wire-Ruyehem 172" '
NPKS NPKSI-11A
Z) Raychem wld BIW 1o wi6 Kapton Insulated wire-Raychem e v
NPKS NPKS I 1IA
4 Raychem ®ld BIW single conductor 10 Static-O-Ring swlich 172" 10
NPKS jead wire w/impregnated braid-Raychem
NPKS-I-I1A
z8 Raychem  wlid PIW single conductor 1o Statie-O-Ring switeh e 1
NPKS load wire w/impregnated brald-Raychem
NPKS-I-11A
16 Raychem  wld flold conductor BIW to #ilicone histemp braid . 2
NPKY motor Jead-Raychem NPKV:2:10A
7 Kerlte @14 BIW 1o w14 BIW « Vetype spllce witk ’ 16
Kerite tape
8 Ra,chem w4 BIW 1o wld BIW-Raychem NPKS:1-11A with 1/2° 13
NPKS 180 degree bend
29 Reychers wid BIW to wld BIW-Raychem NFKS 1:11A with i 14
NPKS 180 degree bend
2:10 Rayonem @14 BIW to @14 BIW-Raychem NPKS I-11A with 2 18
NFPKS 180 degree bend

———"

WYLE LABORATORIES
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PHOTOGRAPH NO. IX-4

CLOSE-UP VIEW OF THE BOTTOM LEDGE OF
THE NEMA 13 ENCLOSURE
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PHOTOGRAPH NO, vill}

NCLOSURE WITH SPECIMENS B1-B§,

INTERNAL VIEW OF NEMA 1D E
OWER LEDGE. M WAS MOUNTED

213 ANE 213 MOUNTED ON L
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PHOTOGRAPH NO. VIll-4

EXTERNAL VIEW OF NEMA J AND NEMA 12 ENCLOSURES ON TEST FRAME
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