RESPONSE TO NOVEMBER 18, 1977, LETTER
FROM EDSON G. CASE TO GODWIN WILLIAMS, JR.
’ "ELECTRICAL CONNECTOR ASSEMBLIES"
This response provides the environmental qualification information
for the electrical connectors used in the Browns Ferry Nuclear Plant,
as requested by the November 18, 1977, letter from Edson G. Case to
Godwin Williams, Jr., which references IE Bulletins 77-05 and 77-054A,
dated November 8 and November 15, 1977, respectively. Also, this
_response includes TVA's justification for continued operation of the
facilities without creating undue risk to the health and safety of the
;Eublic. This response is divided into the following:
Part I -~ Identification of Systems, Components, and Associated
Electrical Connectors Required to Function to Mitigate
Design Basis Events. .
Part II - Environmental Qualification of Electrical Connectors

x

Part III - Justification for Continued Operation
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Part I
. Identification of Systems, Components, and Associated

Electrical Connectors Required to Function
to Mitigate Design Basis Events.

I

Table 1 lists the safety systems and components required to function

to mitigate a postulated desigq basis event or accident outside containment.
Those systems containing electrical connectors are so designated in this
table. Thege systems'or portions of systems and components have been
categorized as being either inside primary containment or outside primary
containment. Table 2 lists those:élecFrical connectors for each Browné
Ferry unit that are inside the primary containment and are a part of a
safety system as listed in Table 1. Table 2 identifies the electrical
penetration through tpe primary containment that each electrical connector

is located on, the type of connector, the number of wires to the connector,

the system whose circuits pass through the connector, the system component

associated with the circuits, and the function of the circuits. Table 3

lists those electrical connectors for all three Browns Ferry units that

L

are outside the primary containment and are a part of a safety system circuit.

Only those safety systems which are required to function to mitigate a

postulated design basis event or accident outside containment where the

event itself could adversely affect ‘the ability of the system to perform its

D safety function have been considered and listed in Tables 2 and 3.

For units 1 and 2, only one type of connector is used inside the primary
contaigment in the identified safety circui;s.h This connector was supplied
b& Physical Sciences Corporation and is an integral part of the penetrationm.
It has:48 pins, has gold-plated surfaces on both the pins and the female
receptacles, uFilizes a Neoprene '0' ring as a sealing surface where the

plug shell and receptacle shell interface, and has the insulated conductors

potted in the shell. Both the plug shell and the receptacle shell are metallic.
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For unit 3, two types of connectors are used inside the primary
containment in identified safety circuits. These were supplied by
Bendix and are similar to each'other in design:
Part No. 10-214636-78S or P, 14 contacts (2Nos.l16, 12Nos.8);:
and Part No. 10-214628-51S or P, 12 contacts (Nos.12).
The types of connectors used outside of the primary containment in

identified safety circuits are of various types as shown in Table 3,
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TABLE 1

3

SYSTEMS AND COMPONENTS REQUIRED TO FUNCTION TO
MITIGATE DESIGN BASIS EVENTS :

mmI:. INSIDE PRIMARY CONTATNMENT (* Denotes Systéms,with‘ Conhectors). . . .. --
. ¥Inboard: Main Steam Isolation Valve Circuits | l
“*Automatic bepressuriza:bion Relief Valve Circuits

' *Inboard Comtainmeht Isolabion Valve Circuits (See note 1)

*Oxygen and Hydrogen Monitoring Systems

*Suppression Pool to Drywell Vacuum Bééakersv

,*Reci:z:cula:bion System Suction and Pis'cha.;:ge Valves (See Note 1)

*Residual Heat Removal System Head Spray. Flow Control. Valves (See Note 12
*High Pressure Coolant Injection S;{éstem Steam Supply Valve (S?e Note 1) R

~ *Reactor Corxe Isolation Cooling Sysbem Steam Supply Velve (See Note 1)

II. OQUISIDE PRIMARY CONTAINMENT

JA. Inside Secondary Containmen'b‘ (*; Deno;:es Systems vzith Connectors)
*Main Steam Isola.tioﬁ Va.’l.v; Circuits (See Note ’2) ’
*Au‘bomé:bic Depressurization Relief Valve Circuits (See Note 2)
*Containment Isolation Valve Circuits (See Note 2)

'E*Oxy'gen and wwogen‘ Monit.oring Systems (See Note 2)

4 XV and 480 V Boards (See Note 3) 7
Diesel Generations and Process Auxiliaries (See Note 5;) _ L
4 Kv and 480 V System Circuits ‘
250 VDC .System Circuits .
Control Bay Ventilation Syst;em Circuits (See Note 4)
Coxnex Room’ (Elev 519) Level Switch Circuits (See Note 5)

*Radiation Monitoring Systems

-Main Steam Vault

RIR SW ELLluent _

ROCCH “ ) . ’
ROW ICLlaent -

*
ol

'!-

Page 1 of 3
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TABLE 1 (CONT.)

Diesel-Generator Shutdown Board Room Ventilation System C:.rcu:.ts :
(See Note 4)

*RCIC Clrcults (See Note 6)

C:.rcu::bs for Othexr Essen‘b:.a.l Systems (See Note 7)
*- Automatic Depressurization System
*~ Primary Containment Isolation . . . ) :

‘Conbainment Inexrting

Reactor Building Isolation .o ’ L

,'Reactor Building Vacuum Relief | . T

1

Standby Gas Treatment
-~ RHR

~ RHRSW

-~ RHR Room Coolers

" = EECW

- CS '
CS Room Coolers -

. = HPCL

‘Reactor Protection Sys‘bem (Excluding Neutron Monitoring System, Control

d P iti dicat t
Reactor Building Closed Coc?.‘L:.ng Wz;.’fex?n osition Indicating Sys ems)

Tuel Pool Cooling

*. Reactor Watexr Cleanup (Isolation Funchion Onily)

Torus Water Level and Temperature

. Coii’iirol Bay |
The control béy environment is controlled by ‘the control bay ventilation

system. The environment for equipment within the control bay is no more

severe during design basis events than that to which .it is exposed during
normel unit operations. l

Unit 1, 2, and 3 Diesel-Generator Shutdovn Board Rooms

.The diesel-generator shutdovn board room environments are controlled

by ‘the board room ventilation systems. *The environment for equipment

within these board rooms is no more severe during design basis events

than that to which they are exposed during normal unit operation.
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TABLE 1 (CONT.)

Notes:

1. ' Connections at motor operated valves were excluded since these connections
were qualified in conjuncbion with qualification of the valves ar;d
assjociated motor operators.

‘2. Circuits for any safety-relabted components outside containment were

investigated. In addition, circuits outside combainment sexrving safety-

related components which are located inside conbainment were investigated. “

' 3. Failure of these components thab are re_quired. for onsite power
distribubion was analyzed previously. See "Concluding Report on
'th:a Effects of Postulated Pipe Failun:re Outside of Containment for Unit 1
.0f the Browns Ferxy Nuclear Pla.rrb“’.’ DED~TM-FFL (Oct.ober 15, 1973) ‘a.nd.
"Concluding Report on the Effects of Postulated Pipe Failure Outside of

" Containment for the Browns Ferry Nuclear Plant Units 2 and 3" £,
DED-TM-PF2 (March L, 197h4). o

k. These circuits weré investigabed for any extensi.ons outside of the
conbrol bay oxr shutdown board rooms into ‘the boundaries of gecondary
conteinment.

5. These rooms contain 'vitai HPCI, RCIC, CS, and RHR equipment. The
level switch circuibs investigabed are those which 1irarn of flooding
internal to these rooms.

6. In terms of function and objective, f'bhe RCIC system is not actually a
safety system. However, with regard to engineering analyses,
fabrication, and erection processes, and quality assurance. control
and. documenbatioﬁ, this system re‘ceived. the same attention as the
safety~related systems., Foxr this reason, RCIC was evaluated using the
same criteria as for the safeby-related systems.

To The investigation includes any wall sockets or wall power ou‘blets

associabed with ‘these circuits.
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TABLE 2

UNIT 1 - PENETRATION CONNECTORS INSIDE .PRIMARY QONTAINMENT
MANUFACTURER — PHYSTCAL SCIENCES,'48 PIN, NO. 12

<

&, e
’ LN .

Penetration Connector
No. No,*

EB Ga2-2G
G3-3G

Gh-lG

 65-56
67-76

G8-§G

- G9-9G
EC ' Gh-lc

G9-9G

Eb - I3-3

EE . gh-lc

G6-6G
G7-TG

PLUG NO. 6448-2

~ RECEPTACLE NO. 6445-2 N

System
Recirculdbion Discharge
Recirculation Suction
Recirculation Discharge

Relief Valve
Recirculation Discharge
HPCI Steam Supply

" RHR Head Spray

Recirculation Sampling
MS Drain
RWCU Letdown

Relief Valve

Main Steam Isolation
Main Steam Isolation

Main Steam Isolation
Main Steam Isolation
Main Steam Isolation
Main Steam Isolation
RHR Letdown Supply

RWCU Letdown

“. Relief Valve

Relief Valve

" Main Steem Isolation

Main Steam Isolation
Relief Velve

Relief Valve

HpoE

0o

RHR Letdown Supply
RCIC Steam Supply
Drywell Equiﬁﬁenﬁ Sump

Main Steam Isolation
Main Steam Isolation

FCV-1-26"
FCV-1-51

Logic
Logic

Component - Function
FCV-68-79. Logic
FCV-68-77 Logic
FCV-68-79 Logic

PSV-1-30 Pover
FCV-68-79 TLogic

PCV-T73-2 Logic
FCV-Th-78 Logic
FCV-43-13 Power & Logic
FCV-1~55 Logic

FCV-69-1 . Logic

PSV-1-~5 Sol Valve Powex
FCV-1-14  Logic

FCV-1-37 Logic

FCV-1-ll4  Power & Logic
FCV~-1-26 Power & Logic
,FCV-1-37 Power & Logic
FCV-1-51 Power & Logic
FCV-T4-48 Power & Logic,
7S-69-1 Logic

PSV-1-10  Power
PSV-1-3L - Power

FCV-1-14 " Togic.

FCV-1-26  Logic

PSV-1-22 Power

PSV-1-34  Power

HE 76-39 Instrumentation
OE 76~43 . Instrumentation
FCV-Th-48 Logic

FCV-Tl-2 Loglc

FCV-TT-14B Power & Logic

Page 1 of 6
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Page 2 of 6
" TABLE 2 (CONT.) )

"UNIT 1 - CONNECTORS INSIDE CONTAINMENT

Penetration Connectox _ . " No. of
No., No,* System Component = Function Wires
o : ,08-8G  Main Steam Isolation . FCV-1-37 Logic 2
» Main Steam Isolation FCV-1~51 Logic 2
§: . 69-9G . Recirculation Suction FCV-68-1 Logic T .
’ . ) J Recirculation Discharge FCV-68-3 Logic ) 11

- *The penetrations have connectors on both ends, only the inboard connectors are
listed since they experience the worst environment., .
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TABLE 2’ (CONT.)

Page 3 of 6

UNIT 2 - PENETRATION CONNECTORS INSIDE PRIMARY CONTAINMENT
MANUFACTURER - PHYSICAL SCIENCES, 48 PIN, NO, 12

.

Penetration ‘Connector
" No. No.*

LB G2-2G

.G3-3G

Gh-hG

¢b-6a

G7-TG

G8-8a

., G9-9G

EC Glh-L4G

G9-9G

J3-3J
Gh-lG

G5-5G
G6-6G

PLUG NO, 6448-2

RECEPTACLE NO,

System

Recirculation Discharge

Recirculation Suction
Recirculation Discharge

" Relief Valve

HPCI Steam Supply

RHR Head Spray
Recirculation Sampling
Main Steam Drain ;
RWCU Letdown

Relief Valve

Main Steem Isolation

. Main Steam Isolation

Main Steam Isolation
Main Steam Isolation
Main Steam Xsolation
Main Steam Isolation
RHR Letdown Supply

RVICU Letdown

Relief Valve
Relief Valve

Main Steam Isolation

Main Steam Xsolation
Relief Valve

* Relief Valve .

HoE
QQE

RHR Letdown Supply
RCIC Steam Supply

Recirculation Discharge

Drywell Equipment.Sump

* 6lL5-2
No, of
Component Function Wixes
 TCV-68-79 Logic 7
FCV-68-T7 Logic 7.
FCV-68~79 Logic 2 -
PSV-1-30 Power 2
FCV-73-2 Logic 7
FCV-7h-78 TLogic . 7
FCV-h3~13 Power & Logic 5
FCV-1-55 Logic T
FCV-69-1, Logic T
PSV-1-5 Power 2
FCV-1-1t Logic 2
FCV-1-37 Logic 2
FCV-1-1h  Logic 9
FCV-1-26 Logic 9
FCV-1-37 TLogic 9
FCV-1-51 Logic 9
FCV-Th-U8 Logic 11
28-69-1  Logic h
+ PSV-1-19 Power 2
. PSV-1~3L Pover 2
FCV-1-14  Logic 2
FCV-1-26 TLogic 2
PSV-1-22 Power 2
PSV-1-3%  Power 2
H2E~76-E9 Instrumentation Iy
0oE-76-h3  Instrumentation 4
FCV-Th-U8 Togic b
FCV-T1l-2 Logic 7
FCV-68-3  Logic - 2
FCV-77-LUB Power & Logic . 9
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Page 4 of 6
TABLE 2 (cowr ).

1

UNIT 2 ~ PENETRATION CONNECTORS INSIDE PRIMARY CONTAINMENT

Penetration Connector : " No. of
No. No,* . System Component Function Wires
. G7-7G¢  Main Steam Isolation "FCV-1-26 Logic 2
C Main Steam Isolation FCV-1-51 Logic 2

G8-8¢  Main Steam Isolation FCV-1-37 Logic
Main Steam Isolation FCV-1-51 . Logic

T e

G9-9G Recirculation Suction FCV-68-1 T.ogic
' ‘Recirculation Discharge FCV-68-3 Logic

w3 N

"

ﬁ f’ *The penetrations have connectors on both ends, only the inboard connectors are
’ listed since they experience the worst environment.,
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Penetration
No.

oy B '

A EA
L -

.

EB

UNIT 3 — CONNECTORS INSIDE PRIMARY CONTAINMENT

TABLE 2 (CONT.)

MANUFACTURER -~ BENDIX

1,2
Connector
No. Iype System
JL 1l HPCI Steam Supply
J6 1  Recirculetion Dischaxge
J7 .1 Recirculation Discharge
. . Recirculation Suction
Main Steam Drain |
J8 1 RWCU Letdown
Jg | 1 RHR Head Spray
RHR Letdown Supply
I 2 Relief Valve '
g2 2  Relief Valve
J3 2 . Rellef Valve
J7 . . 2 Recirculation Discherge
J8 2 Recirculation Discharge
u Suction
J1L- 2 RWCU Letdown
g . RWCU Letdown.
+Jl2° 2 HPCI Steam Supply .
J17  2° RHR Head Spray
g Recirculation Sempling
Jlo 2 RHR Letdown Supply
Jao 2 Main Steam Isolation
J2L 2 Main Steam Isolation
Ja2 2 Main Steam Isolation
J23" 2 Main Steam Isolation
J29 |, 2 Main Steam Drain
25 2 " Main Steam Isolation

Main Steam Isolation

¢

Page 5 of 6 .

No. of

Component Function Wires
FCV-T73-2 Power 3
FCV-68-79 Logic 5
FCV-68-T9 'Power 3
FCV-68-77 Power 3
FCV-1-55 Power 3
" FCV-69-1  Power. 3
;FCV-71;-78 - Power 3
FCV-7h-48  Power - 3
PSV-1-18 Power 2
PSV-1-U41L Power 2
PSV-1-5 Power 2
FCV-68-79 TLogic 7
FCV-68-79 Logic 2
FCV-68-77 ¥ 7
FCV~69-1 Logic -7
78-69-~1, Logic h
FCV-T73-2 Logic 7
FCV-74-78  Logic 7
FCV-43-13  Power & Logic 5
FCV-Th-48 Togic 1
FCV-1-1Y4 Powver & Logic 9
FCV-1-26  'Power & Iogic 9
-FCV-1-37 Power & Logic )
FCV-1-51  Power & Loglc 9
FCV-1-55 Logic 7
FCV-1-1k ~ Togic 2
PCV-1-37 Logilce 2
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v TABLE 2 (CONL.) Page 0 of 6

' UNIT 3 = CONNECTORS INSIDE PRIMARY CONTALNMUND

, Yenetration Connectox ” .o No. of
L . No. No. Lype - System + * Component Function Wires
P EC - 316 2°  Relief Valve PSV-1-19  Power 2 ’
" .. 38 2 .Reldef Valve . = DPSV-1-22  Power - 2

4 - - C . Relief Valve PSV-1-34 Pover 2
;%f;;“’ ‘ 25 2. -Main Steem Isoletion FCV-1-1h ~ Logic 2
e i Main' Steam Isolation FCV-1-26  Togic 2
"]?“:"‘: ) ED ‘B3 2 Hag . HQE-76-39 Instrumentation L
i _ . 0p | OgE-76-43  Instrumentation 3

16 2  Main Steam Isolation  FCV-1-26  Logic 2

< Main Steam Isolation  TCV-l-51 ' Logic 2

EE - JL . 2 . Recirculation Discharge FCV-68-1  TLogic 7

' Je "2 Recirculation Discharge TFCV~68-3 Logic 'Q

" J9 2 RHR Letdown Supply . TPCV-Th-U8  Logic <l

J10 2 RCIC Stesm Supply FOV-T1-2  Logie, 7

JLL - 2 Recirculatlon Dischaxge FCV-68-~3 Power & Logic 2

"52 2 Drywell Equipment Sump FCV-77-14B Power & Logic 9

- 25 2  Mein Steam Isolation  FCV-1-37  Logle V2
5 L : Main Steam Isolation ICV-1-51 Logic, 2
C EF I "1 Recirculation Discharge XCV-68-1 Power 3
3. “ o o Recirculation Discharge FCV-68-3 Power 3
S J6 . 1 RCIC Steem Supply FCV-T1-2  Pouwek '3

vl “ L T ' o . .
S - dT 1  Recirculation Discharge ¥FCV-68-3 - = Logic 5
¢ X, NOIE: Typc 1 - Bendix Part No. 10~?1h636 788 or P, 1l Contacts (2Nos. .16 1,12Nos.8),

Type 2 - Bendiy Part No, 10-214628-51S or P, 12 Contacts (Nos. 12)

o ) pressure boundary, only the inboaxd connectors are listed since they

|

|

T 2, NOTE: The penetrations “have connectors on both ends that are not part of the
. ) experience the worst environment.
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| . Page 1 of 1
O TABLE 3
b “ ' CONNECTORS OUTISIDE OF CONTAINMENT i
i No. of ; Temperature Op
: Devices/ Environ-
tem Function Unit Unit Manufacturer Type Design ment
Main Steam ' -Instrumentation. 1,2,3 4 Amphenol 82-815 350 300
Line Rad Mon ) . ’ .
-Reactor Water Isolation 1,2,3 2 Amphenol . MS3106-A-20-4P 257 170
Cleanup and MS3102-A-20-4S
Primary .
Containment
Main Steam Isolation 1,2,3 16 Amphenol’ » MS3102-A-20-4F 257% 550
Line Leak 16 Amphenol MS3102-A~20-4S
Detectors & Pri
i Containment ,
| RHR Heat Exch Instrumentation 1,2,3 6 Amphenol UG1213/U - 185 150
Disch Rad Mon 2 ' Amphenol -UG932/U 350 150
‘ 2 Anmphenol UG260/U 185 150
“‘Raw ‘Water “Instrumentation 1,2,3 3 Amphenol UGl213/U 185 150
:Effluent 1 Amphenol UG260/U 185 150 -
*:Rad Mon 1 Amphenol UG932/U 350 150
Reac Bldg Ingtrumentation 1,2,3 3 Amphenol UGL213/U 185 115
'Closed Cool ‘ C 1 Amphenol UG932/U 350 115
N'r Effluent 1 Amphenol UG260/U 185 115,
' HPCI Steam  ‘Instrumentation 1,2,3 16  Amphenol 3106A~-20-4P 257 550
«Leak Detectors 16 Amphenol 3102A~20-48S
#'RCIC Leak “Instrumentation 1,2,3 16  Amphenol 3106A-20-4P 257% 550
Detectors 16 Amphenol 3102A-20-4S '
RCIC Backup = Test 1,2,3 1 Amphenol 69-0B-18-15 ' 257% 115
. Control Centex.
Fuel Pool ‘-Instrumentation 1,2,3 1 Amphenol Rept 69-0R16-105-C100 257 115
Cooling . S Plug 69~6R~16-10P .

*See Part II, Section C
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Part 11

Eanvironmental Qualification of Electrical Connectors

Original Tésting

The original qualification tests (i.e., pressure, temberature)
conducted on the Browns Ferry penetrations and associated connectors
were described during a meeting with NRC representatives on November 16,

1977. These tests did not include qualification for the electrical

. connectors for the environment resulting from a postulated design basis

event or accident outside:containment.

Steam Environment Test

Based on the discussions held during the November 16, 1977, meeting and
on the November 18, 1977, letter, TVA decided to conduct a preliminary
environmental test on selected samples of the electrical connector types
used in containment in identified safety systems to determine if they

could continue to function in a steam environment of a design basis event.

"These samples were taken .from the plant stock of spares and were not

thermally or radiation preaged. Attacﬁment 1 describes the test proce-
dures used, the connector samples tested% the test facility, the
environmental conditions used in the test, the electrical loadings
used, and the test results. The actual test conditions exceeded

those that would be expected in the case of an ;;tual design basis
event for Browns Ferry Nuclear Plant. The electrical c;nnectors

satisfactorily passed the steam environment test.

The purpose of thls test was to provide a rapid assessment of the
[3

performance in a steam environment of the electrical connectors within

primary containment.
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Evaluation of Connectors Qutside Primary Containment

?he critical electrical connectors outside containment are those that

are asgociated with the main steam, HPCI, and RCIC leak detectors. The
postulated accident environment temperature can exceed the design
temperature of these connectors. These are identified in Table 3 with an
asterisk (*). These circuits are provided to detect and initiate isolation
signals in the event of a pipe break. Since the signal to initiate
isolation is set at 200° F and is well below the design temperature of

2_57o F for the electrical connectors, these connectors will have performed
their safety function before any potential environmental degradationm.

These sensors and associated electrical connectors are not required to

function following the initiation of the isolation signal.

Evaluation of Radiation Effects

The Physical Science and Bendix connectors were specified to withstand

a nuclear radiation of 108 R. In actuality, the threshold for damage

of organic materials generally is greater than 108 R, with embrittlement
beginning above'approximatelyﬂfive times this value. The integrated
dose to affected connectors would not be expected to exceed 108 R during
thestime interval in which they are needed followiné an LOCA, and the
exposure from operation to the present time is extremely small by
comparison. Therefore, radiation damage to these connectors is not a

concern related to operation during the next few months. (See Item E).

Tests to -Determine Qualified Life (Future Additional Tests)

TVA intends to establish the qualified life of all electrical connectors

both inside and’ outside primary containment used in safety-related
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circuits at Browns Ferry using the requirements of IEEE Standard 323-1974,
"IEEE Standard for Qualifying Class 1E Equipment_for Nuclear Power
éeneraging Stations."” Type testing will be used to establish qualified
life with the effects of thermal and radiation aging included. It is
anticipated that this portion of the program will be completed within

90 days.
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Material to be tested shall be:

4.3 'Admit steam into.the environmental chamber at flow

- . Page 1 7
B K BF STER 22
tro11/25/77

TEST PROCEDURE FOR BROWNS FERRY CONNECTORS N ¢ﬁ “ s

¥
-

_Scope - T . . - )

" To test connectorsiused in electrical penetrations for
. units 1 and 2 at Browns Ferry and to test typical connectors

used for unit 3 at Browns Ferry for ability to withstand the -
steam temperature pressure proflle resulting from a LOCA or f
a pipe break. , cT. ) ' ]

. ¥ . . -

1 - 48-pin connector Physical Science type contained in
electrical penetration type used for Browns Ferry "y
units 1 and 2 . <

*

'
M

1 - 12-pin connector Bendix Corporation type 10-214-628-515
used on pigtails out of Browns Ferry unit 3 penetratlon

L s

ca  wwe -

Test Setup

B e Y

Provxde an- env1ronmenta1 test chamber with dimensions capable
of containing the test specimens (see figure ). The chamber
shall be provided with a pressure gauge and temperature sensors
for measuring the temperature inside the test chamber.

3.1 Connect the pins of the connectors with wires so as to
- - form a series parallel circuit which will give a voltage
gradient within the connector as well as simulate a load
(see figure 2) C /

The circuit ehell be loaded to approximatelf 5 amperes
and a voltmeter and ammeter shall be connected to the
1oad . 13

Test Procedure e g

. 4.1 Verify the initial status of the penetration connector

and the separate connector’ for voltage integrity. Megger
. ‘pin to all other pins and shell combined. Check for o
. .~ current continuity through the connector.

4.2 Energize the connectors from a 250 V dc source. Bring '

the environmental chamber to the initial condition of
150 'F. .

condition so as to achieve a stabilized temperature

'of 3229F. Hold this condition for 5 minutes. Record

all voltmeter, ammeter, pressure and temperature readings

at each major change in profile and each hour. 5
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4.4

5. Criteria
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Reduce pressure at 0.7 1lb/minute to reach 36 psig
and 282F in 69 minutes. Then drop the pressure imme-
diately to- 15" psig (apprximately 250F). Thereafter
reduce the pressure at 1.0 lb/hour until atmospheric
pressure. is reached at 16 hours into the test (212F).

Phereafter drop the temperature at 7%°F/hr at’ ) '
atmospheric pressure until 150°F is reached- after ‘
24 hoursinto the test. The profile curve is figure 3.

?!
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than 10%
the test.
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5.1 The connector shall carry the requiredéload at not more
reduction in voltage ‘after the full duration of
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@ | DATA COVER SHEET

#Y BENDIX

This data package includes test data sheets.

.
~—agr
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«

I
i

'Instrument Calibrated

\‘-—»—;

| Z/ arwzeé 97 ﬂ\ / ///75/7

" Verjfied By /Dat

? s

Acceptance Criteria Met Yes o N

Yes No

. . ) Data Takers/Organization ;L Ep_/ﬁ)gpvc/ @ éZS Dﬂ"@‘c(

4

\ Do o Deacris 7C'c/m:/ DELR
. ’ W ¥ /'n(/‘ ) >

4

/01/?7 /(a/ona DR ((‘)u)éc »)

Mike m :%‘ virees, DPP C&/?}
“Joe 5’@«[»972,"70 22)

N l-)a.t':es Test Performed ‘ /;17(7/7-7 — /{/‘?.;//-’7

Reviewed by' Cc;'gnizant'Engineer d Mmyu/ ng
Reviewed by Results Section Saperv%é Ug‘/t C &v{(muo-m ///27/77

Reviewed by Quality Assurance Supervisor f, u/ :rl/)ﬂ?
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4.1.b
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combined }

pin to shell

BF STER 22
. —~ 11:525/77
§ . T .
’); . STER 22 VL ’i"" Ly
TEST DATA/BROWNS FERRY CONNECTORS ﬁ o
#/ Pin Connector E ﬁ«waxx Model Number ©od
4 ‘ A ‘ .H |
STEP *t ITEM - RESULTS ‘ BY/DATE
. . . . ) . . e ) ',/
4.1,a Verify proper hook up for connector . v~ - Ok ° m_/_éﬂ
T (test item #2, figure 2, for 48-pin R Verified /
connector; ‘test item #1, figure 2, for Lo - o
12-pin connector) i
« . ‘T;
Megger: pin to all pins and shell 7 é4s X[Qq Ohms I

4¢ X/0 7 Ohms

s mese s

4.1.c " Verify current continuity +~ 0K -
L4 /n /
4.2.a Energize connector from nominal 250 VDC - /
. source (verify) . +~~  OK /{X_ /25}7’
Verifiedty
4.2.b Load voltage 247 O Volts /dfroz_ )/ 2@
4.2.c Set load for connector so as to give W
load current of 5.0 + 0.5 amps (initial - 20
Values) 4. 7S Awps | e/,
- . Qc :
4.2.4 Initial test chamber pressure Qo psig /f;!_- /{V?C
and temperature : ] o y(lerified
" (.S F,
4.3.a Ad.;nit steam,” bringing tem_peré“t:ute to 2 & psig ANy
. . 32245°F Verified
.. Also note start time of the test (to). S22 Op, R
(045714~ Start time
4,3.b Stabilize t:emperature and pressure at [0:50709 time 4’70.7/1 %
322 + 5°F Verified ¢ °
When stabilized, record load current and 4 Z 4 amps ’}77-4% /y/r
qQc ’

4.3.¢c

- voltage.

OFFICIAL COPY

Load‘

24-& volts

Input

25 ] volts
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" Connector #—Z y ﬁy@u/w . o .o PR *

@ STEP ITEM S . -RESULTS . BY/DATE
4.3 (.Cont:t.nued) ,‘ -8 - - . ' N [q ) ;.‘ A |
4,3.d Mantain in stabilized condition for 497 Amps 7 07/7 ///4/7

5 minutes; record load curxent and | .
it yoltage at end. Load 2 4g-7 Volts

| AP ' Input g&d Volts g
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4.4.c
' the pressure by 1.0 o, 5psmg
. Record time of pressure
reduction, new préssure (psig),
load’ current and voltage. Repeat
*for 15 hours until 212%F at
atmospheric pressure is

g ) : obtained.
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STEP TTEM RESULTS BY/DATE. - )
4.4 . r » 5" . e
.4.4.a Reduce pressure at o.7 p51g/ "
. minute to282°F at 36 psig !
“ ‘in one hour; record initial f?%Z
i load current and voltage. /orssioftime. 4)?77 /gzsé
i _ 9, 2§ amps verified .
i ‘ load ¢z 2 volts i
input . 25© volts" d
Repeat at three 5 } , i? |
minute intervals /o3 s time 24 7 /117 >
4. < | _amps verified
load /g Volts !
input 25, volts i
- - /n07:3s time D10 it
_ 4. 4-amps verified ca
load 2d s >4 % 7volts -
input =25 volts-
s1c42:35 time /;%%Zg 77 /ﬂ%&47
3 amps verified s
load g4k 3 _volts S
T input os@ Volts $ L
~4.4.,b Drop pressure immediatelf to
150 psig. Record load current
and7voltage.
chosld by 25071 457 ol time - 77279 Ly f ofisy
,09 Z | 4.2% amps verified .
. " load ¢85 volts
X 1nput 2s/ Volts
N
At hourly intervals; reduce ﬁ
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: 7
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. Load __2¥B. & v g ;
“foput RSO v . ' : ;‘
. . /‘ 1
p0stayy TR K ofe
. % , - . .. . h. ’ . P s h
: . b
‘ o . Load 2480y 2
¢ . . = P
Jnput R507 g
- - ‘ - Frosi2y v TA K 1)z
; ~ . . Ll . 7/
L e N ” . ‘- " /
‘ - e s 4.857 A o
’ ' - load _29%.7 V-
* Input 250, vy
. . - rd /
Kot '/Z:;mirt‘l‘ \ / . .
o3 YT >
. 7 A .
Loa \ \'
_ put \ 4
4.5 At hourly :mtervals, reduce . .
‘. temperature by 7%°F/hx. Record ) .
" time of temperature reduction, . . - . v s
new temperature, load curreat . - ’ N
. : and voltage. Repeat until 150°F . :
',, is reached after 24 hours into : ¥
the test, PR .
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T _ s

. "Input 523"0""0"7 vE
57Mlew ST e
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RESULTS BY/DATE
27‘./0:0{ . 2‘/ T ’ 7)7[&7/7 //{/A?/?’
/L0 temp- ; ;

“Load 245,47 V-

.; /6'7 temp
' FES A o
Load ¢ 7, V-

Input 2D .V

,ﬂL (&gf}”;} o .

/ Test Engineer/Date
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This data package mcludes test data sheets. / [
ST !
Instrument Calibrated % /Jj/25/77
Verified By / Date
. ° } i
i .
- - L
. ) . ‘ !
: !
Acceptance Criteria Met \Z,§'§ ’
T Yes _No

Data Takers/Organization Te. gra// /6(; ReEPR

Dewvnis /27 (‘/ac'al D/?/?P -
T[r/'()a’rr/ ( Z Lc _DPP oidéyz)

N cnlsior a1 C_ﬁ)

Tor Kwloga D PP (Curtee
A4 < m‘:inzrnéj/oppCilf?)

Dates Test Performed !/ /z_;é-,"“ /_//_a?/ z27
_ 7 VAR

] ] . . 4 l/ -
Reviewed by Cognizant ‘Engineer / ﬁ(ﬁaﬂ(/ %/ 27? 2
Reviewed by Results Section Supelylor &/m C W\WM I.'/Z7/7,

Reviewed by Quality Assurance Supervisor
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1

. .l"’ . ) ;
| N o .
## 2. pin Connector éaézqﬂ Model Number v
1/ ‘ - - I.
STEP '™ IiEM RESULTS BY/DATE _
A ! _ - . %
4.1.a Verify proper hook up for connector - OK 208 /
(test item #2, figure 2, for 48-pin Verified
connector; test item #1, figure 2, for . . Q/ .
. . . 'f/m{&,fa Veddal
12-pin connector) . OV e / 1 shew?
£i'o tn
4,1.b Megger: pin to all pins and shell = [L3X/0 Ohm d:::: T ;‘: ‘_.ﬁ
. combined 1 th a 5/4»‘.1)1:“/2
¢ PnE” ge
Pin to shell 3RO X/o _Ohms i'e.\/vr-a {GSL
. . c V &
4.1.c Verify current- continuity - OK- cf,iZ::,J ﬁgdxy)
4,2,a Energize connector from nominal 250 VDC - ) a2
source (verify) ‘. L~ OK gdsh /%
: erified
4.2.b Load voltage 24-2  Volts e, 1%
4.,2.c Set load for commector so as to give ) P
load current of 5.0 + 0.5 amps (initial " . *\\
vValues) 4. 53  Amps &7/& 77l ///u,
0 4 QC .
4,2,4 Initial test chamber pressure Q ' psig ~7§z¢1&z/ﬁvé(
and temperature L /- Verified
: ' = ‘SO OEQ
J
4.3.a A&mit steam, bringing temperature to 2 5 psig
oL 322 + 5° F.
{ . Also note start time of the test (tg). 322 °F.
/O1¢s r ({4 Start time
: e
4.3.b Stabilize temperature and pressure at /01 503:010 time Jf/g_ /e
322 +.5° F. ) \ ' : erified
. . .,
4.3.0 vhen stabilized, record load current and 4. 53 amps /77722% ///A,,
. voltage. . QC ’
Load  24-2_  volts

Input
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"' Connector =§'#‘f 2. é m.ra/;/
7

STEP ITEM
4.3 (Continued) i t" . . ‘& e .

4,3.d Maintain in stabilized condition for
. 5 minutes; record load current and
i} voltage at end.

" Page 9
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|~ 14025/77

RESULTS

4. F2__Amps 7'27 7 1yl
. _ ., - Q
Load _ 242 Volts .
; L - “Input 25’-(’) Volti's: .

- :_ l‘i‘j

BY/DATE

»

|
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BF STER. 22 _ )
_ : e 11/25/77 e . 1
Connector_#£Z AP IV S, ' o & .
STEP  ITEM 5 ' RESULTS BY/DATE *
4.4 ” K ¥ SR o - . :
) S oL
.4.4.a Reduce pressure at o.7 psig/ _ * j .
minute tof 282°F at 36 psig . . ‘ . ’
*  4n one hour; record initial’ v : {
lcad current and voltage. /&g stod-time. . /770 7/7 VG 74y
‘ . . _4.£2 amps verified . 7
"Lload, 293 ¢ volts : g
) input. o5 Vvolts J
Repeat at, three 5 y ) {
ninute intervals . . Zfco2: 35 time 7 77& 777 /1ot
. 4.5 (- amps verified
load #3. / volts . . L&
’ _ - Anput o’/ volts . ;g
« . . . g ;L‘
' . ’ : A
/t: '07 ;.3 time : 7774 7] Ll
) O amps verified .1
1oad 2@3‘Lvolts =
1nput © 250 volts: :
/42 =35 time ' /777 22 ///Aé
. 4.2 ¢ anps verified
Vo : load 242 ¢ volts e ¢i
. i@ input’ Z;z) volts . . AT
.4.4.b Drop pressure immediately to . .
: 150 -psig. Record load current
and7foltage. - /’)C/g‘_///z@/z .
shoddd bz 250°¢ ' sz to/:eotime 7/7 g7 ////7:&
. /5 iy ) _4.52-amps verified
- ) load 5 ¢33 volts .
! input _ o, g/ volts
N, , : )
.4.4:c At hourly intervals, reduge,

-

Record time of pressure

‘for 15 hours until 212°F at

_obtalned

the pressure by 1.0 * 0.5psig

reduction, new préssure (psig),
load current and voltage. Repeat

atmospheric pressure is
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RESULTS B3/ DATE
33 jvz6

\ STEP ITEM
" &4.,4,c (Continued) N . 26€:13:0l213 T
S /4 ®
, ; - o . ‘r l- &
/ . . ) . . . . ¢' 7 7 A [! »’
v ‘
\'J
T

-«

-
<,y

st o
L2

. i-oad 24‘21 4’
| . Input 250
ﬁ RN Y S e X X A

/3 P

. - 5O A

Load _243.34 v
\'s
T

" fnput 250 -
. ) - /S r02 /Y

/%. P
: _ ‘ .‘ . -4.57 A
. o L ~ e load 2L EC v : e
v
T

’ L Input __ 2 SO

\. . ‘ .- . . g ] e b

| 2774
Load __ 944477V
.o : Input 92560 V. - o
S : , /T 2 T A '/.’Z?i
” - . | /0. O -p
G 77 A

Load E% Uzel77 o |

X

*Input X7
HFSlz T ot 1o
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*.Load 9— ’/23

Input &3SC v - . ’
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.7 comneetor _HZ, (oo . T : 11/25 /77
v, e e . = T 7. et e, _— LIPR s, . et e .'.' R . « .
. . .'_’ ., « e a " .:.. . L AR - by " LR oo et ... :w. “ " .

"STEP | CITEM Lo e BT T T Ree LTS BY/DATE

® biee (Gontineed) s Rhw i L (2008 %0 | g

: : K . . . .-i‘.-._ R ::. . ' .Z- P . “.' '.-//.'/;é
* ‘ LA . A | . - _" . Load” 2-‘1‘/. L \'j .
- - - : Input> 2 &< V. 5 I
' 20105 29T TEX lg/za
. it
. AR
R R A kA .
: L ) Toad __AY0, o ¥ W
- Input _RY9 v. - o
x . R05:24 T ﬁ/< //’/9-5
‘ ' : 6 P
9.7 A-.

¢ lLoad 2L/:2'0 v

| . 'r. . ' o Input .. 250 V. '
e e e L Tamesmrr TBK ke
\ . LT PR ' Lra 5 P |

S o | : 4§, 79" A.
“load RAY2.¢p v

 .., . . 3 F. © “ . Input 570 V. .. . o

- Z305ay v AR b

-t ‘ 4/ ‘P - ’
4. 75" A
Load gq/f ? V. . h

-Input .. ‘2\‘:7-'0 V

vy

; > P
...: : - .- . | ) . G777 A
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(Continued)
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ay =

Load

" Input

Load

Input

Load

- Input

./F437( AE%?L(Jffd{

oz

Load

Input
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RESULTS 'MBY/DATE ]
[Las _2_1{.% T4 L i/
a2 ‘ |
T 4.3 A j'
D429y if
250, -iv‘

2 w0829 T

/]’A- /’< ////27

N~
2=} ‘aa\' <

N\

\/A
AN

-

/ P i
477 A !
QL7 v -

2507 \j
310529 7 TAK | n/a
7/

o P
4.7 A -

Qqa-l v -
A50 ‘ )

\La

&5

. temperature by 7%°F/hr.

At hourly intervals, reduce
Record
time of temperature reduction,
new temperature, load current
and voltage. Repeat until 150°F
is reached after 24 hours into
the test.,
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' RESULTS BY/DATE

4.5 (Continued) ‘

-,
Fl *E‘ ¢
- hd
l’!‘
- SO J = y
-
R
., ¢
. ‘Q.' »
3 ‘
i .
.
.
x v I
.
.-
-
-
;S o«
. L4
B
Nl -

.
V t

. OFFICIAL CopY

!

¢ e, O7208124 T

s &,
WEnl. /B2 Y temp

&
.

~ ’Loa.d. _2492.6v
- ‘YInput’’

.
" »

. Load 242~7~/V/

* *Input "2 803 Y

h * :-I,oad 24194‘ - V
© o Input 2490V

= 105t 29T ﬂ/(j/;/z
RO Y o/‘temp' St .
5 Y AR
Q‘i7é A ‘:! .

f
”'s.
|

4

El ve

i . ‘
|

250 . v.
L0505 2y

/96 ‘E temp
- Y77 A | .

Joad _ 29047V I
Input vV .- ;
i 05':255:25!—'55 k Eh /l_/_/i;_'
(58 °/ temp
- 4.7% A S
‘load 242 .2 vV
Input 249.0 v..

L R

4{’75’ A -

.Input: 25C V... o
0f 05 . 24- T é 5 - /.
' 17¢°Eem
2.27 &
Load 24/.-.&: v,

477 A )

orosad T '/Qii_ 1%
lé6¢. .S ' temp ’
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/L0 temp ’
. 7 3
© load _242.30 ¥ i
Input: ‘250, v f
.é'? [0/ S2 T 2
' /ST temp
' <78 A

Load ZV/I éZ V

Input _Z2¥EF

\'2

Test Data Verif:.cat:.on 77X7772 ;g,ﬂ,,m,, /é/%; Q t{,rrc»/ }\,&/ t )_?/?7

QY Inspect:or/D

/ Test Engineer/Date
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"STEP _ ITEM RESULTS BY/DATE_
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Part IIIL

Justification for Continued Operation

TVA considers the tests and evaluations described in Part II sufficient

to permit the continued operation of the facility without creatiﬁg undue
risk to the health and safety of the public for the period it will take
to fully environmentally qualify the connectors. This position is based
upon the low probability of the events that produce adverse environments,
the supplemental testing that demonstrated that the connectors within
containment can continue to function in a postulated steam environment,
the short time required for critical connectors outside containment to
function before exceeding their design temperature, and the connector

resistance to a radiation environment.
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