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YANKEE ATOMIC POWER CUOMPANY

BERLIN., CONNECTICUT
P. ©. BOX 270 HARTFCRDO, CONNECTICUT 0610t

TELEPHONE
20-666-6911

March 29, 1978 -

Docket No. 50-213

Director of MNuclear Reactor Regulation

Attn: Mr. D. L. Ziemann, Chief .-~
Operating Reactors 2ranch #2

U. S. Nuclear Regulatory Coraission

Washlngton, D. C. 20555

References: (1) D. C. Switzer 1etters to B. H. Grier (¥RC ~ I&E Region I),
. dated December 8, 1977 and’ January 13, 1978.
. " (2) ‘W. T. Russell (VRC) Summary of Meeting Held on January 29,
1978, dated January 20, 1978.°"
(3) R. H. Graves (CYAP”O) 1etder to 3. Grler dated March 23, 1978.

Gentlemen: o
- . ’ Haddan Wec Plant :
Environwenta’ Qualification of Tarminzl B’oc<s/Boxes

In Reference. (1), Connecticut Yankee Atomxc Powe* Company (CYAPCO) described its

. actions with respect to the replacement of four electrical connectors inside

containment of the Haddam Neck Plant with terminal blocks mounted inside junction

. boxes ("terzinal block/box combination"). This replacenent was deemed prudent by

CYAPCO solely in light of the fact that the original electrical connectors at the
Haddam Neck Plant did not have specific documentation available regsrding envirca-

mental qualifications. As dascribed in Reference (1), the terminal block/box

Combination was judged to be environmentally qualified by material analyses;
CYAPCO a2lso stated therein that testlno would be initiated. to docurent the
environmertal quallficatlon. : . . .

E

In response to that comnltment, the followlng -nforﬂ ma2ticn is hereby provided.

Environrent2l qualification testing of the ter:;nal blcck/bow combirat:on in use
at the Haddam Neck Plant was initiated prior to January 36, 1978 with che success-
ful completion of Phase I (screening) tests, performed under pressure, temperature,
and humidity conditions which'conservatively represented the postulated post-
accident environment inside containmeat. The results: of these. tests were dis-.
cussed in detall with the NRC Staff, as docuxmentad in Refereqce ).

-

- The Phase I tests were follewed by Phase II tests duriﬁg which two terminal
block/box combinations* were subjected to temperature and radiacion environ=

w

*General Electric (GE) ter:& wal block incide a steel junction box and .a GE
terminal block dnside an alun~num junction box prototypes.
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ments simulating normal operation, priof to being subjected to the postulated
post-accident envircnzment. After exposure to the normal operating environzent

- and shortly after the cormencement of the postulated post-accident environzent
...+ n Bequence, electrical degradation at one point on one of the termiral blocks

. being tested was observed; this observatiod was wade on the Gencral Electric :
terminal block Model EB-25 inside the aluxinum box. Upon completion of the test

" sequence on March 22, 1978, the test vessel was opened and that .terminal point
was determined to have failed. It should be noted that the latter stages: of the
Phase II testing program were witnessed by a member, of the NRC Staff. This terminal
point failure was reported to the NRC Scaff in Reference (3)

A‘deécrippion of the Phase IIL environmental qualification test program and per-
tinent preliminary test results, based on the report of a Northeast Utilities
Service Company (NUSCO) representative, is provided in the Attachment.

Although CYAPCO and the NUSCO technical staff believe that the terminal block
would have performed its intended function since the other terminal points -
on the block were cperable throughout the duration of the test, it was nevertheless
deemed prudent to replace the two aluzinum boxes having-one-inch vent holes housing ~
the General Electric terminal blocks with steel boxes with 1/4-inch vent holes.
This action was based upon test results which verified the fact that the same Coere

model General Electric terminal block enclosed in a similarly configured steel .

Jbox performed acceptzbly during the same Phase II environmental qualification

test program. These tests and their results, provided positive indications that
the failure of the single terminal point on the GE block was due to rire interface
with the aluminum box. Further, the tests indicated that this situation was com-
‘pletely avoided using 2 steel box with improved block rounting and a 1/4-inch

vent hole. This action and other pertinent considerations were discussed in detail

_ with members of the NRC Staff.at a meeting on March 23, 1978.

Review of this design change was performed, in accordance with Northeast Utilities
Quality Assurance Procedures, by the Plant Operating Review Committee (PORC) an

the NUSCO technical staff. Based on these reviews, the design of the block/steel
.box combination was determined to be technically acceptable in terms of perforking
its internded function in the core deluge valve circuits in the postulated post~
accident environment. This determination was. based, in part, on the results of

the Phase II qualification tests, which were: performed under temperature, pressure,
;adiation, humidity, and chemical conditions which conservatively sinulated the
post—accident containment environment at the Haddam Neck Plant; in addition,
another evaluation concluded that the performance of the conmnections of the block .-
box combination under seismic conditions would be acceptable. The pertinent '
environnental qualification data for the General Elec*ric terminal block/steel
hcx combination is sumzarized in the Attachment. .

The Connecticut Yankee Nuclear Review Board (\?B) was also requested to review this
design change. As a result of thelr *evxew, the NRB concurred in the conclusions
of the technical review discussed above and’ in the determination that the de51gn

. of the block/box cozbination and the replacement and retest procedures did not
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constitute an unreviewed safety question within the context of 10CFR 30.59; thus,'
the replacement was initiated on March 23, 1978 and completed onm March 23, 1978.

Very truly yours,

. CONNECTICUT YANKEE ATOMIC POWER COMPANY

3(Dx(f“¢<;/:zavA«\
0,

. . . D. C. Switzer
.. : President .

‘Attachmenp ) N
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. in a steel box.

.
. ’ ’ ’

INTRODUCTION \ .

. In accordance nith comnitments made in a Januvary lq, 1978 letter and at a
meeting on Jannary 29, 1978, CYAPCO engaged the Franklin Institute to perform.

full series environmental qualification testing of a General Elentric terminal
block type EB-25 enclosed in two different types of junction boxes (aluminum

and steel) represenéative of those utilized in the core deluge valve zotor operator.

circuits inside containment at the Haddam Neck Piant. Two block/aluminum box

‘combinations are located in the reactor vessel head region while ‘two block/steel

box corbinations are located on the charging floor inside containment. A&s dis-

cussed at the January 23, 1978 meeting, a bloék/box combination had already
successfully undergone screening'tests (Phase I teéts), under pressure, temperature,
and humidity conditions which conservatively simulated the post-accident environ-

ment inside containment.,

. -
. “ -

The following information surmmarizes the full series test program (Phase II
tests), including the test setup, probgdures,and pertinent preliminary test

L3

results relaﬁed to qualification of the block/box combinations:'

DESCRIPTIOW 0’ TESTED CO#PO TENTS

As noted on the attached figuxe, for the purposes of simulating the installed

‘equipment at the Haddam Neck Plant, omne General Elecnric type EB~25, eight-point

terminal block was mounted vertically in an aluminum Junction box, and a second
EB-ZS, cight—point terminal block was nounted horizontally in a st:ee1 junction

box. In addition, a number of other terminal blocks were installed in these

two junction boxes and a third junction boa for the purpose of gaining additional

test data; in one of these combinations, -a GE terminal block vas mounced vertically

The GE terminal block tested’ﬁas made of a wood flour-f£illed phenolic material

qnd its marking strips were removed prior to testing, as installed at the Haddam -

Neck Plant. . , ‘ ‘ . ‘ ,
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- (outside) the sq;face of the cover. The horizontally oriented steel box had a

- - .

The steel box measured 12 x 10 x 4 inches (height, width, a2nd depth) and
was 1/16 of an inch in thickness. The aluminug box measured 12 x 12 x 6 inches
and was 1/8 of an inch in thickness. Both boxes were somewhat larger than thosg
originally installed in the core deluge circuits. The steel box utilized a

terminal block mounting panel on standoffs from the back of its enclosure.

. One of the two steel boxes, and the aluninum box, were‘dounted vertically
iin the gétoclave. The terminal blocks within these enclos;res were also verti-
caliy oriented. The second steel box was_ﬁounted horizontaily, wit@ éhe cover
up, in the autoclave. The vertically oriented steel box had a 1/4-inch vent/

drain hole in the center of the bottom of-the box. The vertically oriented

aluminum box had a 1/4 inch drain hole in the bottom of "the box and a l-inch

. diameter vent hole in the ceater of the cover of the box. The i—incﬁ veﬁt hole

was covéred with 2 x 2 inch splash plate approxirately 3/4 of an inch away from

)

-

_.l-inch,diameter vent/drzin hole in the center of the bottem of the box behind the

coﬁponent’mounting panel.'

02
-

N It éhouldwbe noted that the aluminum box and the horizo?tai steel box were
fabricated and oriented in a manner to duplicate the two boxes, with their General
ElecCr;c Eype EB-25 terminal b%o;ks;'in cach of the core deluge valve circuit; at
the Hadddm Neck Plant. 'In fact, the horizontally oriented steel box which was
tested, wgglidcntical to the two boxes whéch were ;nsqalled %n‘the core deluge
circuits in.&ovember, 1977, in response to IE Bulletin 77-05. It ;as also iden-
tical to the EB-25 terminal block/junction box tested at Franklin Institute-in

January, 1978, as part of a screening test.

»
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PRECOMDITIONING OF TEST SPECIMEN

Prior to being put into the autoclave, the test specimens were thermally
aged'and irradiated. The thermal aging was based on an Arrhenius plot for

IR - N .

flexural strength of a 1/4-inch sample of wood flour-filled phenolic. Aging

at 150°C (302&F) for 171 hours is equivalent to a 40-yeax -exposure to a tempera-

.

. ture of about 70°C; the 70°C figure was used as representative of the amibient

" temperature to simulate the terminal blocks located on the -head of the reactor

vessel. Since the terminal blocks on the charging floor operate in a cooler
ambient temperature, they were effectively aged to an equivalént life much

greater than 40 years.

.
.

The radiation exposure considered the cumulative dose due to both the normal
épegating and postulated post-Loss-of-Coolant Accident kLOCA) environments. The

test specimens were exposed to a totzl of 5 x 106 rads (gamma).

.

Both the thermal aging and irradiation were deemed to conservatively represent

. the normal oéerating and post-LOCA environment taking into account the actual

location of the block/box combinations inside containment, and.the actual expected

years of service. Additional conservatisms exist when consideration is given to a

~ ’ : T
more realistic assessment of postulated post-LOCA doses (see March 6, 1978 CYAPCO
Jetter) and the actual environmental conditions during the requiredrfunc:ional time .

of the core deluge valves. : .

. .. , }
W de P A o, T

ENVIRONMENTAL TEST SEQUENCE AND TEST PARAMETERS o

»

o foilowiné a postulated LOCA.

The environmental qualification test se&ﬁénce called for a rise from initial
conditions of 120°F and 0 psig to 286°F and 40 psig within eight seconds to con-
servatively simulate the initial phase of a LOCA. Again, this transient is felt

to conservatively bound the limiting environmental condition inside containment
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Five minutes into the test, a chemical spray of borated, demineralized water
was Introduced into the autoclave. One spray nozzle was directed toward each of
the three boxes in the autoclave, with a nozzle spray angle of 120°., The spray
nozzles were oriented such that they sprayed directly onto the eovers of the
two steel boies and onto the back side of the aluminum box. The borated water

mwas nmixed to form a solution of 2640 ppm boric acid; which again conservatively
represented expected concentrations of chemicals which could spray the block/bok
combinations, considering its actual,location in containment and expected re-
fueiing water storage tank vdlues. It is important to note that additional ‘
conservatism has oeen introduced into the qualification test sequence by virtue
of tne fact that the major source of spray, the containment spray system, is

* not expected to be utilized following the postulated iOQA.'

ae

: Spray at the original ooron concentration was continued'for 17.1 hours. After
17 1 hours, the spray was taken from the sump of the autoclave in a recirculation

- modes thereby, dilution of the boric acid concentration occurred. The spray was

- -,'x
& v . 2

terminated after 24 hours.

L4

After the initial temperature and pressure tranSients, the "test conditions
N .

- of 286°F and 40 psig wvere held constant until 15 minutes into the test sequence.

At that time; a 4 psig pressure dip was induced to sznulate the start of the recircu-
lation phase of the postulated LOCA. The pressure was lobered to 35’psig in 10
seconds. This value was then held constant for 60 seconds, after wnich the

autoclave temperature and pressure were again raised to 286°F and 40 psig, re;
spectively, in iO seconds.: The autoclave conditions were then held constant at

286°F and 40 psig until 30.95 hours into the test.

a
-

After about: 31 hours at 286°F and 40 psig, the temperature and pressure were

S

b e

- e

brought dot:x'x;to 232°6and 7 psig. respectively, in 6 upiform steps over a 3-hour

srmre e -
T e aammme @ o
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‘pericd. These new conditions were then held constant for approximately 101 hours.
PR ._—..-———— LD ottt « ams . _.__-—-—-*———\\
At that time, it was determined that conditions had stabilized to the point where

T ® e o e e
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no additional, meaningful data could be expected to be obtained. Because of this

and because the test had run sufficiently long to qualify the terminal block/box

=

) combinations for the core deluge system, the test was terminated.

TEST FLECTRICAL PARAMETERS

The.extrene terminal points on both ends of each.of the terminal blocks under
test were energized to 525 volts. The terminal points immediately adjacent to
these energired point were grounded. All other .terminal points on each block
were:wired in series into a low-voltage, 20-ampere' current source. ‘The two
SZS-volt terminal points'on each terninal board were connected to ‘their power

supply by a double-pole knife switch, allowing for quick isolation of 2 given

terminal block. Further isolation of a given termival poznt was pOSSible by

open circuiting the wiring between one pole of the knife switch and the terminal

point in question. The: power supplies for the 525—volt energized terminal poin*s

' were protectod by one~ampere circuit breakers. To conservativelv represent the |

;480 volt plant electrical system, 525 volts was used as the test voltage.' The

" 1 4

'20-ampere current circuits vere designed to conservatively present the l7 ampere

locked rotor current of the core deluge valves.. The terminal blocks were energived

s
* R

with voltage and current continuously throughout the test period, eucept when cexr~
tain terminal points were isolated for ‘short periods, vhile Insulation Res;stance

. (IR) readings were taken.

It should be recognized that this test setup conservatively simulated the
" dielectric paths to ground, when compared to the normal three-phase electricali
system at the plant. During normal plant operation, the dielectric paths to ’

ground would only be stressed at approximatcly 277 volts, instcad of 525 volts.

- . B - -

.




. TEST PASS/FAIL CRITERIA -

A failure of the terminal point under test was defined as the inability of
that point to continuously support the applied test voltage or current. Any’
- " other indications associated with test connections, autoclave penetrations, power

suppl{es, etc., would not be defined as a failure of a test specimen(s).

*
.

COHCLUSIO

Insofar as a single point on the GE terminal block located in the aluminum
box failed to its adjacent grounded terminal 30 minutes after initiation of the
LOCA test sequence defined, its performance was not deemed acceptable under the.
acceptance'criteria of the test; although it is.still believed that the terminal

biock would have performed its intended function in actuzl service.

No failurés:occutred of the GE blocks mounted in steel boxes, and their
performance was acceptable for the steel junction boxes oriented in both the

horiaontal or ve*tical positions. The'IR data taken on the blocks in the steei .

.boxes duting the test confirzed that these block/bon coubinations would perform’

.thelr intended function under the environmental conditions postu1atcd for a LOCA "

and conservatively simulated in the test autoclave. “1t is, therefore, concluded

miam.
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PURPOSE
The purpose of th{s test program is-to dgmonstrate that |
Firewall® III electric cables will function du;ing a
loss of coolant acciaept (LOCA) postulated to occur at
any time duﬁ}ﬁg 40 years of operation under conditions as

prescribed by IEEE 383-1974.

TEST SAMPLE DESCRIPTIONS

Instrumentation Cable

Single Conductor #16 AWG, 300 volt , 20 mils of

flame retardant XLPE insulation identified as ___

Tt

Rockbestos Firewall® III.

*Control Cable

Single Conductor #12 AWG, 600 volt, 30‘&115 of
flame retardant XLPE insulation 1dent1f1ed as
Rockbestos Firewallo 11, REPAR

. Power Cable " - ':‘ KRR |

| ' Single Conductor #6 ANG; 600 volt, 45 mils of“
f]ame retardant XLPE 1nsu]ation 1dentif1ed as -
.: . \ Rockbestos Firewalle III. - - el )

w s a'x
}
s

-ps st
W

N % Also qualifies Firewall SIS (NEC TypéSIS).




III.

Iv.

PROCEDURE

Reference IEEE 383 Paragraph 2.3.3.1

I1.

Three samples ("A," "B" and "C") each made up of two 10 ft.
pieces of cable, were prepared for Firewall III instrumenta-
tion, control and power cables described on Page 1. A

samples were formed into test coils.

Reference IEEE 383 Paragraph 2.3.3.2

The "A" and "B" samples were thermally aged in a circuiating
air oven for 1300 hours at 150°C in order to simulate 40 year
1ns£a11ed 1ife at a_continuous operating temperature of 90°C.
This simula}ion was based on the attached Arrhenius data.
Exposure time of 850 hours dictated by the Arrhenius slope was
adjusted to 1300 hours to provide an adequate margin over '
specified service temperature, as required in IEEé 323, Section

6.3.1.5.

. -
v e . - |

Reference IEEE-383 Paragraph 2.3.3.3 Lo e

The "A" and "B" samp]es'were subsequently subjected in air to -
gamma radiation from a cobalt 60 source at a rate of 1 x ‘IO6

rads per hour to a cumulative dosage of 5 X 107 rads.

Reference IEEE 383 Paragraph 2.3.3.4 -

-

' In order to demonstrate the serviceability of Firewa]] 111

after normal 40 year service condit1ons, the “A" samples were
stra1ghtened and recoiled with an 1nside dxameter of 20 times
their 0.D.'s and immersed in tap water at room temperature.
While still immersed, the samples were subjected fo and passed

a voltage withstand test for 5 minutes at a potential of 80 V/mil AC.

. .
. '
= -
it
. . . .
L we
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. V.

® ‘.’ 3.

Reference IEEE 383 Paragraph 2.4

In order to demonstrate the serviceability of Firewg]l III during

and after a LOCA occurring during the first days of installed 1ife,.
the "C" samples were first subjected to a radiation dosage of

1.5 x 108 rads  and then subjected to the LOCA profile of IEEE 323

for combined PWR/BWR while energized with rated voltage and current.
Following this exposure, the samples Qere straightened and recoiled
with an inside diameter of 40 times their 0.D.'s and 1mmersgd in

tap water at room temperature. While still immersed, the samples
were subjected to and passed a voltage withstand test for 5 minutes -

at a potential of 80 V/Mil AC.

In order to demonstrate the serviceability of Firewéi] IIT1 during

and after a LOCA occurring during the 1§st'&ays of 40‘ye§r installed
1ife, the "B" samples were‘firstwsbbjected to an additional radiation
dosage of 1.5 x 108 rads, bringin§ the téta] dosage to é X 108 rads,:
and then shbjected to the EOCA profile of IEEE 323 for combined

PHR/BHR .while energized with rated voltage and current®. Following

" this exposure, the samples were straightened'and recoiled wjth an

inside diameter of 40 times their 0.D.'s and immersed in tap water

. at_room temperature. While still immersed, the samples were subjected

. to anq passed a voltage withstand test for 5 minutes at a potential .

of 80 V/Mil AC.

* 6 AWG: 600 VAC, 70A
12 AWG: 600 VAC, 30A
16 AWG: 300 VAC, 22A
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In order to further demonstrate the serviceability of Firewall III-
cables after a LOCA, the "B" samples, following the post LOCA
simulation test described above, were exposed to a 100% RH 200 F
environment for 100 days. Following this‘exposure, the samples
were again straightened and recoiled with an inside diameter of

40 times their 0.D.'s and immersed in tap water at room temperature.

While still immersed, the samples were subjected to and passed a

voltage withstand test for 5 minutes at a potential of 80 V/Mil AC.




R ® ® 5.

W (CERTIFIED) CONCLUSION

Having successfully withstood the conditions and tests

as described in the preceding proceduré, we certify

that Firewall III cables will function for-at least

40 years at a continuous operating temperature (conductor
temperature) of 90°C and after a radiation exposure of
200 megarads and during a postulated Loss-of-Coolant- ,
Accident (LOCA) occurring at any time during the 40 years.

. N ‘=:,7AL——-““"‘
it e—

N =
’ George/S. Buettner
Chief Engineer

‘ ,» “ - , v g Jémes R. Marth ;

Cable Engineer o

STATE OF CONNECTICUT, COUNTY OF NEW HAVE&: »
e Subscribed and sworn to before me this‘ | =t day of

.
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Lo e Notary Public -
My Commission Expires March 31, 1979
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LOCA Profile
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346°F/N3 psig (min)
WITHIN 37O 5 MIN

335°F/93 psig

et
-

280°F/ 70 psig {min).
WITHIN 10 SEC

Spray for first 24 hrs. at rate of 0.15
gpm per square foot of spray area with
solution of the following composition:
0.28 molar H3BOz (3000 ppm boron)
0.064 molar NasSy0;

NaOH to make pH between 9-11 at TT°F.

315°F/69 psig

~—265°F/ 28 psig

\ /—212°F/0 psig

HR HR HR HR HR

-TIME—>

Dl 3 l A l
3° 5 8 T i5 I

4 DAYS - 30
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August 19, 1975

Mr. J. R. Marth .

Cerro Wire & Cable Co.

P.O. Box 1102

New Haven, Connecticut 06504

Dear Mr. Marth:

This will summarize parameters pertinent to the irradiation
of a mandrel of cable samples per your order 70572, dated
July 18, 1975.

The mandrel was placed in a cobalt~60 gamma field in an upright
position, which paralleled the long axis of the radiation source.
The mandrel was exposed at each of 4 quadrents, as marked with
tape on its top. By integrating the dose rate at any point on
the mandrel during its 4-position exposure, an average dose rate
was obtained which, when multiplied by the total exposure time,
yields total dose.

Phase I of the test reguired that the cables be exposed to 50 Mrad.
They were exposed for a total of 78 hours at an average dose rate

of 0.65 Mrad for a total dose of 50.7 Mrad. At this point (July 21)
the mandrel was removed from the irradiator, and Cerro representatives
removed several cables.

Phase II consisted of the mandrel and remaining cables beilng exposed
to an additional 150 Mrad. Using the same procedure, they were
exposed for 188 hours at an average dose rate of 0.8 Mrad per hour,
for a total dose of 150.4 Mrad.

Irradlatlon was conducted in air at ambient temperature and .
pressure. Radiant heat from the source heated the samples somewhat,
but the temperature did not exceed 11l09f£, as indicated by previous
measurements on an 011 solutlon in the same relative position. - -~

Isomedix Inc. « 25 Eastmans Road, Parsippany, New Jersey (201) 887-4700
Mailing Address: Post Ottice Box 177, Parsippany, New Jersey 07054

CHICAGO DIVISION ¢ 7828 Nagte Ava., Morton Grovs, litinols 60053 (312) 9661160
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Mr. J. Marth -2 - August 19, 1975

Dosimetry was performed using a Victoreen Model 555 Integrating
Dose Rate Meter and Probe. The unit was calibrated on

January 15, 1974 by the Victoreen Instrument Company, using .
cobalt-60 and cesium=-137 sources whose calibrations are traceable
to the U.S, National Bureau of Standards. A copy of the calibra-
tion certificate is available. Backup dosimetry using a Red
Perspex system confirmed the Victoreen readings.

Irradiation was completed on August 1, 1975, and the mandrel
was picked up by your personnel. ’

Vury trulé yours,
Ao D

George R, Dietz .
Manager, Radiation Services

fx
<«
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PURPOSE

The purpose of this test program is to demonstrate that
Firewall® III electric cables will function during a
loss of coolant accident (LOCA) postulated to occur at
any time during 40 years of operation under conditions as

prescribed by IEEE 383-1974.

TEST SAMPLE DESCRIPTIONS

Instrumentation Cable

Single Conductor #16 AWG, 300 volt » 20 mils of
flame' retardant XLPE insulation identified as
Rockbestos Firewalle III.

o

*Control Cable

. Single Conductor #12 AWG, 600 volt, 30 mils of
flame retardant XLPE 1;sh1ation identified as
Rockbestos Firewalle III. -~

' - ’

[ 4

Power Cable
Single Conductor #6 AWG, 600 volt, 45 mils of

flame retardant XLPE insulation identified as
Rockbestos Firewall® III.

* Also qualifies Firewall SIS (NEC Type SIS).



PROCEDURE

I. Reference IEEE 383 Paragraph 2.3.3.1
Three samples ("A," "B" and "C") each made up of two 10 ft.

pieces of cable, were prepared for Firewall IIl instrumenta-
tion, control and power cables described on Page I. All

samples were formed into test coils.

‘II. Reference IEEE 383 Paragraph 2.3.3.2

‘The "A" and "B" samples were thermally aged in a circulating
air oven for 1300 hours at 150°C in order to simulate 40 year
installed 1ife at a eontinuous operating temperature of 90°C.
This simulation was based oh the attached Arrhenius data.
Exposure time of 856rhours dictated by the Arrhenius slope was
adjusted to 1300 hours te brovide an adequate margin over P
specified service temperature, as required in IEEE 323, Section
6.3.1.5. )

. L.
LR - ! oo > %
S ) - - [P

I111. Reference IEEE 383 Paraqraph 2.3.3.3 v

The "A" and "B" samples were subsequently subjected 1nla1r'to
gamma radiation from a cobalt 60 source at a rate of 1x 10

rads per hour to a cumulative dosage of 5 x 107 rads.

IV. _ Reference IEEE 383 Paregraph 2.3.3.4

In order to demonstrate the serviceability of Firewa]] III
after normal 40 year service conditions, the "A" samples were
straightened and recoiled with an inside diameter of 20 times
their 0.D.'s and immersed in.tap water at room temperature. :
While stiIIvimmersed, the sampIes were subjected to and passed

" a voltage withstand test for 5 minutes at a potential of 80 V/mil AC.




Reference IEEE 383 Paragraph 2.4

In order to demonstrate the serviceability of Firewall III during

and after a LOCA occurring during the first days of installed 1ife,

the "C" samples were first subjected to a radiation dosage of

1.5 x 108 rads and then subjected to the LOCA profile of IEEE 323

for combined PWR/BWR while energized with rated voltage and current.
Following this exposure, the samples were straightened and recoiled

with an inside diameter of 40 tﬁmes their 0.D.'s and immersed in

tap. water at room temperature. While still 1mnerséd,-the samples

were subjected to and passed a voltage withstand fest for 5 minutes S
at a potential of 80 V/Mil AC. |

In order to demonstrate the se%viceébility of Firewé][ III during

‘and after a LOCA occurring durfhg the last days of 40 year installed

1ife, the "B" samples were first subjected toyan additional r;d%ation Y e
dosage of 1.5 x 108 rads, bringing the total dq;age to 2 x 108 rads,

and éhen subjected to the LOCA profile of IEEE 323 for combined

PWR/BWR while enéfgized yith (ateé voltage and curirent®. Following

this exposure, the samples were étrg%ghtenedrénd fecoi1ed with an

inside &iameter,of 40 times their 0.D.'s andrimmersed in tap water -~ --—
at room temperature. Nhile‘sti11’1mmer§ed, the sampfes were subjected

to and passed a voltage withstand test for 5 minutes at a potential

of 80 V/Mi1 AC.

* 6 AWG: 600 VAC, 70A
12 AWG: 600, VAC, 30A
16 AWG: 300 VAC, 22A



In order to further demonstrate the serviceability of Firewall III
cables after a LOCA, the "B" samples, following the post LOCA
simulation test described above, were exposed to a 100% RH 200 F
environment for 100 days. Following this exposure, the samples
were again straightened and recoiled with an inside diameter of

40 times their 0.D.'s and immersed in tap water at room temperature.

While still immersed, the samples were subjected to and passed a

voltage withstand test for 5 minutes at a potential of 80 V/Mil AC.



I = .

(CERTIFIED) CONCLUSION

Having successfully withstood the conditions and tests.
~as described in the preceding procedure; we certify

that Firewall III cables will function for at least

40 years at a continuous operating temperature (conductor
temperature) of 90°C and after a radiation exposure of

200 megarads and during a postulated Loss-of-Coo]ant-'

Accident (LOCA) occurring at any time during the 40 years.

. ) ‘ ‘ ; ' N = .
‘ ) ‘ . George/S. Buettner
Chief Engineer . . . . v {

James R. Marth
Cable Engineer -

ria

STATE OF CONNECTICUT COUNTY OF NEW HAVEN. :

Subscribed and sworn to before me this \ st day of :

Cadmpamy 1977, L T

=

My Commission Expires March.31, 1978

woowe BT JCEE B T - vt e -tk
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LOCA Profile
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346°F/U3psig (min)
WITHIN 370 5 MIN

’33555/93pﬁg

280°F/ 70 psig {min)
WITHIN 10 SEC

Spray for first 2l hrs. at rate of 0.15
gpm per square foot of spray area with
solution of the following-composition:
0.28 molar H3BO3 (3000 ppm boron)
0.06k4 molar NayS,0;

NaOH to meke pH between 9-11 at T7°F.

(~— 315°F/69psig

~—265°F/28 psig

; \ /—a|é°F/o psig
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10
SEC
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ISCMEDIX

August 19, 1975

Mr. J. R. Marth
Cerro Wire & Cable Co.
P.0O. Box 1102

New Haven, Connecticut 06504

Dear Mr. Marth:

This will summarize parameters pertinent to the irradiation
of a mandrel of cable samples per your order 70572, dated
July 18, 1875,

The mandrel was placed in a cobalt-~60 gamma field in an upright
position, which paralleled the long axis of the radiation source.
The mandrel was exposed at each of 4 quadrents, as marked with
tape on its top. By integrating the dose rate at any point on
the mandrel during its 4-position exposure, an average dose rate
was obtained which, when multiplied by the total exposure time,
yields total dose.

Phase I of the test required that the cables be exposed to 50 Mrad.
They were exposed for a total of 78 hours at an average dose rate

of 0.65 Mrad for a total dose of 50.7 Mrad. ' At this point (July 21)
the mandrel was removed from the irradiator, and Cerro representatlves
removed several cables,

Phase II consisted of the mandrel and remaining cables being exposed
to an additional 150 Mrad. Using the same procedure, they were
exposed for 188 hours at an average dose rate of 0.8 Mrad per hour,,
for a total dose of 150.4 Mrad.

Irradiation was conducted in air at ambient temperature and .. .
pressure. Radiant heat from the source heated the samples somewhat,
but-the temperature did not exceed 110°f, as indicated by previous
measurements on an oil solution in the same relative position.
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Mr. J. Marth -2 - August 19, 1975

Dosimetry was performed using a Victoreen Model 555 Integrating
Dose Rate Meter and Probe., The unit was calibrated on

January 15, 1974 by the Victoreen Instrument Company, using
cobalt-60 and cesium-1l37 sources whose calibrations are traceable
to the U.S. National Bureau of Standards. A copy of the calibra-
tion certificate is available. Backup dosimetry using a Red
Perspex system confirmed the Victoreen readings.

Irradiation was completed on August 1, 1975, and the mandrel
was picked up by your personnel.

V?ry truly yours,
g RDAT

George R, Dietz
Manager, Radiation Services
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