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D DA/RYLAND

COOPERAT/VE eo sox si7 2 sis EAST AV SOUTH LA CROSSE. WISCONSIN 54601

(608) 788 4 000

October 31, 1980

In reply, please
refer to LAC-7196

DOCKET NO. 50-409
.

Director of Nuclear Reactor Regulation
ATTN: Mr. Darrel G. Eisenhut, Director

Division of Licensing
U. S. Nuclear Regulatory Commission
Washington, D. C. 20555

SUBJECT: DAIRYLAND POWER COOPERATIVE
LA CROSSE BOILING WATER REACTOR (LACBWR)
PROVISIONAL OPERATING LICENSE NO. DPR-45
ENVIRONMENTAL QUALIFICATION OF ELECTRICAL EQUIPMENT

REFERENCES: (1) NRC Letter, Eisenhut to Linder,
dated 9/19/80.

(2) Draf t Interim Technical Evaluation Report on
Equipment Environmenta,1 Qualification,
dated 10/13/80.

(3) DPC Le t te r , Linder to Ziemann, LAC-6982
dated 6/12/80.

(4) NRC Letter, Eisenhut to All Licensees,
dated 9/5/80.

(5) Safety Analyses Report, LACBWR, Pages 14 thru 30

Gentlemen:

In response to your order (Reference 1), the attached enclosures
provide the balance of information requested by your staff.

Very truly yours,,

1

DAIRYLAND POWER COOPERATIVE
,

(m
Frank Linder, General Manager

FL:JDP: abs

CC: J. Keppler, Reg. Dir., NRC-DRO III
NRC Site Resident Inspectors

$JHIS DOCUMENT CONTAINS
POOR QUAUTY PAGES

k
8 011040Mio .
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Mr. Darrel G. Eisenhut, Director
Division of Licensing LAC-7196
U. S. Nuclear Regulatory Commission October 31, 1980

STATE OF WISCONSIN ) .

)
COUNTY OF IA CROSSE)

Personally came before me this O ! day of October, 1980, the above
named Frank Linder, to me known to be the person who executed the fore-
going instrument and acknowledged the same.

&, J k; - |k '

Notary Publick/La Crosse County,
Wisconsin.
My Commission Expires 2/26/84.
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ENCLOSURE 1,

1. SOLENOID VALVES

1.1 Low Pressure Core Spray Valve (Item 1 of Enclosure 2)

This valve functions to inject core spray directly into the high
pressure core spray header without using the high pressure core
spray pumps. When the dif ferential pressure between the primary
system and the reactor containment building is 30 psig or less and
reactor water level of -12 inches, this valve will open and
demineralized water from the overhead storage tank will flow by
gravity at a rate of approximately 85 gpm to the high pressure
core spray bundle.

While LACBWR feels that these Class H coils with explosion proof
housings served by mineral insulated cable are completely suitable
for this environment, attempts to obtain qualification data will
be more time consuming and costly than replacement of the solenoid
valve. DPC will therefore replace this item with a currently
qualified model by June 30, 1982.

Interim operation with the existing equipment poses no risk as:

(1) The valve was originally selected for the harsh environment.

(2) The valve is in a fail-safe state (closed) - that is it does
not have to change position for high pressure core spray to
function, additionally there is an in-series check valve
(53-26-001).

(3) Should the valve fail to open, a totally redundant core
cooling system (alternate core spray and manual depressuriza-
tion combination system) which is single failure proof is
available.

(4) Use of the manual depressurization system would permit low
pressure core spray through the valve if it failed in an open
position.

1. 2 High Pressure Service Water Alternate Supply to the High
Pressure Core Spray System (Item 2 of Enclosure 2)

This valve functions to supply an additional water source to the
high pressure core spray system. As the high pre sure core spray
system is intended as the short term emergency core cocling -

system, and its water supply for this function is maintained in
the overhead storage tank, this valve does not have a direct
safety related. function. Failure of this valve, which would lead
to its changin'g state would not cause a bypass of water from the
overhead storage tank because of check valve (53-26-004) which is
in series with the control valve.

1-1
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ENCLOSURE 1'

,

Not withstanding the fact that use of this valve is not required,
it does have a Class H coil with an explosive proof housing and is
served by mineral insulated cable and thus is judged suitable for
the harsh environment.

LACBWR will, for consistency of certification on solenoid valves
in this service, replace this valve with one having current
qualification by June 30, 1982.

1.3 Demineralized Water Supply to the Overhead Storage Tank
(Item 3 of Enclosure 2)

This valve functions to supply additional water to the overhead
storage tank. As the high pressure core spray system is intended
as the short-term emergency core cooling system and its water
supply for this function is maintained in the overhead storage
tank at all times, this valve does not have direct safety related
function. Failure of this valve, which would lead to its changing
state, would not cause a diversion of water from the overhead
storage tank because of check valve No. 69-26-002, which is in
series with the control valve would prevent back flow.

Not withstanding the fact that use of this valve is not required,
it does have a Class H coil with an explosive proof housing and is
served by mineral insulated cable and thus is judged suitable
for the harsh environment.

LACBWR will, for consistency of certification on solenoid valves
in this service, replace this valve with one having current
qualification by June 30, 1982.

1.4 Solenoid Valve for 4-Inch Containment Vessel Offgas Vent
Header - Isolation Valve Solenoid Outside Containment (Item 4
of Enclosure 2)

This valve serves as a containment isolation valve on the
four-inch containment vessel offgas vent header. The valve is not
located inside the containment building, but in a portion of the
tunnel. The valve is subjected to a mild environment; therefore,
no qualification for a harsh environment is required. The
isolation function of the control valve is totally redundant to
the inside containment isolation valve. No action by DPC is
required on this solenoid valve, and it should be removed from the

'

list.

i

.

|
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ENCLOSURE 1'

1. 5 Shutdown Condenser Steam Inlet Valves (Items 5 and 6 of
Enclosure 2)

These solenoid valves control the parallel inlet valves to the
shutdown condenser and manual depressurization system.

While LACBWR feels that these solenoids served by mineral
insulated cable are completely suitable for this environment.
Attempts to obtain qualification data will be more time consuming
and costly than replacement of the solenoid valve. DPC will
therefore replace this item with a currently qualified model by
June 30, 1982.

Interim operation with the existing equipment poses no risk as:

(1) the valves were originally selected for the harsh environ-
ment, and

(2) the two parallel lines are totally redundant one to the
o the r.

1. 6 Isolation of Nonessential Demineralized Water System Loads
in Containment (Items 7 and 8 of Enclosure 2)

These solenoid valves control the valve which is closed upon a
containment isolation signal to remove nonessential demineralized
water loads within the containment building. One solenoid valve
was previously identified in Reference (2); both valves are
addressed in this letter. As the water supply for the overhead
storage tank is maintained at all times in an amount adequate for
the short-term emergency core cooling system purpose for which the
high pressure core spray system is intended, the valve is not
directly safety related.

Notwithstanding the fact that use of this valve is not required,
Dairyland Power Cooperative feels it is suitable for the harsh
environment.

LACBWR will, for consistency of certification on solenoid valves
in this service, replace this valve with one having current
qualification by June 30, 1982.

1.7 Isolation of Nonessential High Pressure Service Water System
Loads in Containment (Items 9 and 10 of Enclosure 2)

These solenoid valves control the valve which is closed upon a
containment isolation signal to remove nonessential high pressure

j service water system loads within the containment building.
!

| As the water supply for the high pressure core spray system to
perform its design function as a short-term emergency core cooling|

| system is maintained at all times in the overhead storage tank,
' this valve is not directly safety related.

|
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ENCLOSURE 1,

, Notwithstanding the fact that use of this valve is not required,
l Dairyland Power Cooperative feels it is suitable for the harsh

environment.

LACBWR will, for consistency of certification on solenoid valves
in this service, replace this valve with one having current
qualification by June 30, 1982.

1.3 Reactor Building Main Steam Isolation Valve Control Solenoids {
(Item 11 of Enclosure 2)

This dual solenoid control valve controls the containment
isolation valve in the main steam line. The control assembly
which includes the solenoid valves was scheduled previously by
LACBWR for replacement. Solenoid valves with current
qualification will be utilized. This replacement will be
installed by June 30, 1982.

Operation of this system in the interim with the currently
installed equipment poses no significant risk as the MSIV closure
is accomplished immediately upon a low reactor water level which
would indicate a loss of coolant accident leading to a harsh
environment.

There is no requirement to reopen the MSIV in a post LOCA
condition. Additionally, a redundant valve exists in the main
steam line located outside the containment building which can be
closed as a backup. The valve is electric motor operated, con-
trolled remotely from the control room with the provision for
local manual closing. It is powered from 480-volt Essential Bus
lA.

1. 9 Reactor Cavities Vent Routing Valve (Items 12 and 13 of
Enclosure 2)

This equipment (control valve 55-25-001 and soleniod valve
55-25-011) should be removed from the list of equipment requiring
environmental qualification. This control valve routes the
reactor cavity and fuel storage well vent line to either the
containment building ventilation system or the 4-inch containment
vessel offgas vent header. Both of these routings have
downstream containment isolation valves which are covered in the
equipment qualification program. This three-way valve is not
safety related nor will it be required to function in a post-LOCA
environment.

1.10 Reactor Containment Building Ventilation (Items 14-25 of
Enclosure 2)

These control valves (Items 22-25) are closed to isolate the
containment building from the outside environment. Closure is
effected by removing the air through closure of the solenoid
valves (2 per control valve, Items 14-21).

1-4
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ENCLOSURE 1'

DPC has previously provided (Reference 3) a commitment to replace
the solenoid valves with currently qualified equipment. It
(Reference 3, NRC Question 5) has also described the functioning
of the solenoid valves to ensure environmental adequacy. The
containment isolation is accomplished by two valves in series on
the inlet and the exhaust; the limit switches provide no control
function and are for indication only.

Interim operation with the existing solenoid valves pose no risk
as:

(1) The existing solenoid valves were originally selected for
this application with Class F and Class H coils.

(2) Functioning of these valves occurs immediately upon a LOCA
and no further use is required in a post-accident situation.

(3) Replacement valves have been ordered and will be installed
prior to June 30, 1982.

1.11 Solenoid Valves for 4-Inch Containment Vessel Offgas Vent
Header-Isolation Valve Solenoids Inside Containment (Items
26-28 of Enclosure 2)

This valve serves as a containment isolation valve in the 4-inch
containment vessel of fgas vent header. The control valve itself
(Item 28) is a mechanical component, discussed in Reference (3),
and should be removed from this qualification program. The
solenoid valves (Items 26 and 27) are designed to operate in this
environment. Attempts to obtain classification data will be more
time consuming and costly than replacement. However, DPC will
replace these items with currently qualified valves by June 30,
1982.

Interim operation with the existing solenoid valves pose no risk
as:

(1) the valves were originally selected for the harsh environ-
ment,

(2) will be required to operate only once immediately upon a
LOCA; once the control valve is closed, no reopening in a
post accident situation is required,

(3) the control valve has redundant solenoid valves, and
a

(4) the control valve has a redundant isolation valve outside of
the containment building which performs the same function.

1-5
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ENCLOSURE 1-

1.12 Post Accident High Range Radiation Monitore (Items 29 and 30
of Enclosure 2)

Installation of these monitors has commenced. They have been
procured to comply with a Three Mile Island Short Te rm Lessons
Learned requirement. Installation of these monitors is required
by October 1, 1981 (Reference 4 ) . Complete qualification data
will be supplied to the NRC at that time.

1.13 Terminal Blocks in Water Tight Junction Boxes (Item 31 of
Enclosure 2)

The terminal strips in five environmentally qualified junction
boxes did not have qualification documentation available. DPC
will replace these strips at the first outage of sufficient
duration following the receipt of the replacement terminal strips.
The replacements are Buchanan terminal strips, Models NQB-ll2 and
NQB-106. The qualification test program is attached as Enclosure
3.

1.14 Demineralized Water Transfer Pump Switchgear (Item 32 of
Enclosure 2)

'

This switchgear provides power to the IB demineralized water
transfer pump. This equipment is not safety related as the
short-term emergency core cooling system (the high pressure core
spray system) already has its water supply for this function in
the over-head storage tank. The long-term emergency core cooling
system (the alternate core spray system) does not use
demineralized water. Operationally, the IB demineralized water
transfer pump has a redundant pump which has switchgear located
outside the containment building. Additionally, the IB pump
itself is located outside the containment building. No action by
DPC is required on this switchgear, and it should be removed from
the list.

1.15 Mineral Insulated Cable Epoxy (Item 33 of Enclosure 2)

The epoxy was used in terminal boxes on the ends of mineral
insulated cable. All safety-related MI cable terminations are
located inside water tight housings. No safety-related MI cablet

terminations are exposed to the LOCA atmosphere. The epoxy,
therefore, sheuld not be an item on the qualification program.

,

1.16 DC Motor Starter for the Alternate Core Spray Valve (Item 34
of Enclosure 2)j

'

i

This motor starter controls one of the redundant alternate core
spray valves located within the turbine building. As the event
which could create a hostile environment in this area does not i
require use of the alternate core spray system (Reference 5), |

this is no requirement for this equipment to be qualified. j

l

|

l-6

l



.
.

ENCLOSURE 1

1. 17 Containment Building Post Accident Pressure and Water Level
Indicator Transmitters (Items 35-38 of Enclosure 2)

Two containment water level indicators and two containment
pressure indicators are required for post accident information
when a LOCA has occurred and containment personnel entry is not
possible. This equipment is not required for steam line break
outside containment; however, their water tight housings are
judged to withstand the resulting short-term hostile environment.
Therefore, documentation on this equipment is not required.

1.18 Safety Valve Position Switch Housing Sealant (Item 39 of
Enclosure 2)

Our discussion with NAMCO revealed a silicone rubber sealant was
used for qualification testing. The sealant used to close the
environmental housings on these switches must meet the criteria

| specified in the qualification test by NAMCO. LACBWR used General
Electric RTV-il silicone rubber sealant.

NAMCO has agreed to furnish LACBWR a written statement on the
i specific sealant used in their test program and LACBWR will

compare its actual material to the manufacturer's. If the
material used at LACBWR is not comparable, it will be replaced
with an acceptable sealant at the first plant outage of sufficient
duration following receipt of the specified material.

1.19 Reactor Containment Building Thermocouples (Item 40 of
Enclosure 2)

We have investigated the Type J iron constantan thermocouples used
at LACBWR and have a continuous 304 stainless steel sheath for,

~

their entire length through the containment penetration (see
Enclosure 4). The re fore , thermocouple extension wires are not
used within the containment building.

; We will have an analysis of the thermocouples used to verify
qualification acceptability. The results of this analysis will be
presented to the NRC by April 1, 1981.

1.20 Raactor Containment Building Air Monitor System (Item 41 of
Enclosure 2)

The monitor system functions to indicate gaseous and particulate
*

1evels in the containment ventilation system during operation. It
provides a high radiation closure sighal to the containment
ventilation system. The closure actuation setpoints have been
established at not more than 5 times background, thus activation
of isolation can occur following any primary Lystem leak as
detected by the immediate particulate monitor within approximately
1.5 minutes.

.

i 1-7
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,

Small leaks would be first indicated on the primary system leak
detection system by humidity and radiation conditions which is
expected to cause operator action to isolate containment venti-
lation prior to reaching the closure activation setpoint for iso-
lation by the subject monitor.

.

The LOCA environment from this leak would not be severe enough in
that time span to affect the monitor. If, however, the monitor

- were af fected, its failure mode is to isolate containment. Once
isolated, the post accident procedures do not require the reopen-
ing of containment ventilation. Due to this design and the
redundancy of closure signals from high primary system pressure,
high containment building pressure and low reactor water level,
no environmental qualification is required for this monitor.

1.21 Mineral Insulated Cable Penetrations (Item 42 of Enclosure
2)

The epoxy sealant used in most terminations of mineral insulated
cable has previously been addressed (Item 33 of Enclosure 2). The
thermal strain present under LOCA conditions of the containment
penetration has been analyzed and found to be of a low enough
magnitude to have no effect on penetration integrity (see

'

Enclosure 5).

1.22 Reactor Vessel Water Level Transmitters (Item 43 of
Enclosure 2)

The reactor water level indicators, which are part of the reactor
protective system narrow range, initiate reactor shutdown (high
and low water level), emergency core cooling system start (low
water level), and containment isolation (low water level). This
equipment performs these functions in a short time following a
loss of coolant event. The application information for these
transmitters (as required by Page 17 and 21 of Reference 2) is
attached as Enclosure 6. The unique installation at LACPWR
remotes the level transmitter amplifier out of the hars'.
environment.

DPC will review the qualifications of this equipment against the
specific vendor test data by April 1, 1981. If the type qualifi-
cations cannot be substantiated, replacement water level trans-
mitters of current qualification where required for alternate core
spray will be installed by June 30, 1982. -

.
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,



ENC LOSURE 1

1.23 High Pressure Core Spray Pump Motors (Item 44 of Encl,osure
2)

These pumps are used or short-term emergency core cooling. They
were modified for the harsh environment; however, testing
qualification documentation is not available. A redundant system,
the alternate core spray system, which has its pumps located
outside the LOCA environment, is available.

DPC will analyze the design of the high pressure core spray pump
motors to assure their current applicability to the harsh
environment. The results of this analysis will be furnished to
the NRC by April 1, 1981.

1.24 Specific Design Concerns Addressed in Reference (2)

1.24.1 Inclusion of Additional Equipment

(1) Overhead Storage Tank Level Indicator -LACBWR does not have a
remote level indicator on the overhead storage tank. It does
have low and high level switches. Qualification of this
equipment is not required as the overhead storage tank is
filled at all times when operating with a sufficient quantity
of water to perform the short-term cooling function it was
designed for. The known rate of water removal due to the use
of positive displacement high pressure core spray pumps makes
a qualified water level indicator unnecessary.

(2) Reactor Control Rod Drive Scarm Solenoids -The design of the
LACBWR control rod drive system includes a hydraulic scram
system with dual solenoids which are redundant to each other.
The removal of electrical power from either solenoid causes
the associated control rod to scram to the fully inserted
position in approximately 2 seconds. As the functioning of
these control rod scram circuits would occur at the onset of
a LOCA and these circuits do not have the capability of
with-drawing the control rod once inserted, no qualification
is required.

(3) Reactor or Main Steam Pressure Transmitter /Reactr Protection
System Instrumentation - This system includes reactor water
level (discussed as Item 43 in Enclosure 2), reactor power to
flow instrumentation, and reactor primary system pressure.
The power-to-flow and primary pressure were not designated as'
post-accident monitocing instruments and reactor water level,
containment temperature, water level, and pressure are
utilized for this purpose.

(4) Main Steam Flow Transmitters -LACBWR is a single steam line
BWR and would not utilize a steam flow transmitter following
a LOCA to measure cooling through unaf fected loops. As this
is not a post accident cooling mode and the steam line would
be isolated, there is no requirement for qualified equipment.

1-9
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(5) Any Safety Related Control Station -The only safety related
control station at LACBWR is the reactor control room which
is in a mild environment.

1.24.2 Temperature Localized Time / Profiles in the Turb.ne Hall

The localized time / temperature profiles in the turbine following
a main steam li;.e break outside containment are attached as
Enclosure 7. Radiation levels in the turbine building resulting
from a LOCA are attached as Enclosure 10.

1.24.3 Containment Building Time / Temperature Profile

*

The post accident containment building time / temperature profile
has been recalculated to determine the effects of the heat
removal capability of the component cooling water system. The
results of the study are attached as Enclosure 8. The system's
redundant pumps are powered by switchgear located in the reactor
containment building (IA pump) and the turbine hall (lB pump) to
preclude a single event f rom af fectng system operation. Both
pumps are supplied by an onsite emergency diesel generator in the
event of fsite power is lost.

1.24.4 Ef fect of Initial Containment Air Temperature on Contain-
ment Pressure After a LOCA

A summary of calculations performed at three dif ferent temperature
points is attached as Enclosure 9.

.

.
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ENCLOSURE 2-

REFERENCE EQUIPMENT |

ITEM (2) ITEM EQUIPMENT DESCRIPTION NO. |

1 2 ASCO SOLENOID WPX 8315B3 53-25-005
2 3 ASCO SOLENOID HV-2023014RG 53-25-006
3 4 ACSO SOLENOID HV-2029244RG 69-25-002
4 5 ASCO SOLENOID 8300B9RF 55-25-014
5 5 ASCO SOLENIOD 8300B9RF 62-25-006

6 5 ASCO SOLENOID 8300B9RF 62-25-009
7 5 ASCO SOLENOID 8300B9RF 67-25-002
8 NR ASCO SOLENOID 8300B9RF 67-25-003
9 6 ASCO SOLENOID 8,300B9F 72-25-003

10 6 ASCO SOLENOID 8300B9F 75-25-004

11 18 ASCO SOLENOID X-8344 61-22-005
12 19 ASCO SOLENOID 8300B9RF 55-25-011
13 19 BS&B 4" 3-WAY CONTROL VALVE 55-25-001
14 20 ASCO SOLENOID LM831612 73-25-003
15 20 ASCO SOLENOID LM831612 75-25-004

16 20 BARKSDALE SOLENOID 178350AC2Al 73-25-016
17 20 BARKSDALE SOLENOID 178350AC 2Al 73-25-017
18 NR ASCO SOLENOID LM831612 73-25-007
19 NR ASCO SOLENOID LM831612 73-25-008

BARKSDALE SOLENOID 178350AC2Al 73-25-01820 yR

21 NR BARKSDALE SOLENOID 178350AC2Al 73-25-019
22 20 20" SUPPLY VALVE 73-25-001
23 20 20" SUPPLY VALVE 73-25-002
24 21 20" EXHAUST VALVE 73-25-005
25 21 20" EXHAUST VALVE 73-25-006

26 22 ASCO SOLENOID 8300B9RF 55-25-013
27 22 ASCO SOLENOID 8300B9RF 55-25-022

28 22 4" BS&B VALVE 55-25-003
29 24 HIGH RANGE RADIATION MONITOR

GENERAL ATOMIC MODEL RD-23 PLANNED

30 24 HIGH RANGE RADIATION MONITOR
GENERAL ATOMIC MODEL RD-23 PLANNED

31 13 BUCHANAN TERMINAL BLOCKS
NQB-112 AND NQB-106

32 8 ALLIS-CHALMERS SWITCHGEAR RX BLDG.
MCC-1A -

33 11 MINERAL INSULATED CABLE EPOXY
34 10 MOTOR STARTER CUTLER HAMMER, FOR

MODEL NO. K646676A 38-30-002
c

35 14A FOXBORO PRESSURE TRANSMITTER 37-45-307

36 14B FOXBORO PRESSURE TRANSMITTER 37-35-302
37 15 FOXBORO LEVEL TRANSMITTER 37-42-302

38 15 FOXBORO LEVEL TRANSMITTER 37-42-310 )
39 12 SEALANT FOR NAMCO LIMIT SWITCHES j

|
40 23 CONTAINMENT BUILDING THERMOCOUPLES Jj
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ENCLOSURE 2 s

REFERENCE EQUIPMENT
ITEM (2) ITEM EOUIPMENT-DESCRIPTION _ NO.

"

41 25 CONTAINMENT RADIATION MONITOR _

42 17 CONTAINMENT PENETRATION THERMAL
STRESS

43 7 REACTOR VESSEL WATER LEVEL
TRANSMITTERS 50-42-302

50-42-303
50-42-306

44 1A 1A HIGH PRESSURE CORE SPRAY PUMP
MOTOR 53-06-001

IB IB HIGH PRESDSURE CORE SPRAY PUMP
MOTOR 53-06-002

:

NR = NOT REFERENCED.
'
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ENCLOSURE 3
..

\j FRC Proj::ct CS143

*

1. IllTRODUCTIO!!.

.

This accument presents an outline of a qualification test pror, ras
for terminal and fuse blocks sub=itted by the Control Products Division
of A=crace Corporation. Tbc rationale for the program outlined herein
is provided as a supple = cat to this docu=rint. Further detail en the.

planned tests and test rathoda vill be cvailabic in a procedural docu=ent
entitled Test Checklist. The checklist, which vill contain instructions
to experienced FRC test personaci, is pri=arily intended to assure that
all ele: cats of the test pror, ram are perfor=ed and necessary data are
obtained.

.

.
-

|
,

4

; 2. OBJECTIVE OF THE TEST PROGRAi1
i

i

t

i The primary objective of the test program is to deconstrate that the
t

j specimens are qualified for out-of-containment use according to the require-
; ments of Control Products and their c11 cut (s). *

I
"

A secondary objective is to extend the demenstration to include inside-
containment use for a typical si=ulated-1.0CA exposure (also described as a
steam / chemical-spray exposure).

'
.

! .

J. DESCRIPTION OF TEST SPECIME!!S
.

-
\

The test specimens vill consist of one piece multi-terminal blocks, **
i

individual modular terminal blocks and fuse blocks which are mounted
onto retaining rails. The specimens include terminals of the flat-strap
type which accept conductors ' terminated in spade or ring lugs; and terminals
of the tubular type which accept bare.. non-terminated conductors. The ,'~

,

, _ ' 3 e . - ,
,

,

' specimens are identified in the attached Table 1. *
-

. , . ,, ,

*
,

6 -

- ,
.
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Table 1. Description and Identi fication.

of Test Specimens
.

TYPE EXTEllSIO!!
: . SPECIME.'l C0!! TACT CATALOG WIRE SIZE .MOLDI!;G !
I fiO. DESCP.IPTIC!l (flote a) 11 0 . (AWG) CCMPCU!iD|
l -

C5143-A 6-circuit one-piccc Strcp 616322'-3 12 Dure: i
'

-B block (3 assy's) Grade 152
-C (MMON Phenolic
-D 12-circuit one-piece Strap. ' 616322-6 12.

5 -E block (3 assy's) |
![vo ut)

~

-F

l -G 6-circuit one-piece Tuba later 12
-H block (3 assy's)
- I- .

,

i -J 12-circuit one-piece Tube later 12a '
!

block (3 assy's)-K:
-L1 <,

| -11 Assemblies consisting Reichhold
-il o f: Grade 25397,

| -0 , e Medium duty block Strap 616835 12 Phennlic.

1 e !!edium duty block Tube 616840i
.

q e Heavy duty block Strap 616336j e Heavy duty block Tube 616339
plus end sections andu||g mounting rail i

'-P Asserblies consisting '

. -Q of: .i
*

.I | e Fuse block Strap i 616837 12 '
:! e Fuse block Tube later'

e Fuse block w/ puller Strap 616838
'e Fuse block w/ puller Tube later

plus end section and' '

mounting rail.(iloto b) ''

,
"

,

17 total specimens: 6 will be exposed to a steam / chemical spray profile.
,

Notes: a. Strap - Flat screw-strap contact. Requires teminal lug on wire.
Tube . Tubular screw contact. Fastens directly to bare wire conductors.

' b. Fuses will be replaced by simulated fuses containing a non-fusible
| conductor. .

m,

3-3 -
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4. ASSEF.BLY AND ARRAllGEMEf6 CF SPECI!! ENS
.

'

S. &L. u n. d (c.g s ,.rp %
. c. e . . . ..

.,

r'.: 's .p. .d/ C 4-*

f .:ruj~C
*

a. 1
i.

[Mc.le. vec Specinci.) 77]e rma. c' Aa,sra
/l c. /I/o ~~~% a m e.J$ r |/

.

i / /,{ 0 P E(. 3 c( tt.f /2/ *C/ t

aa <l Q

f 8,C, D., .3 9 6.d (if /&C %2-- -

.

Ef G, H, '

MK
p p .t L

*

.

C~|ct LAL- f Gnskd.s.s ' f|||'e -br% C ,a h w g
,-CC. q c c.E.ne." ,u.M/ h ,ce.pa.alk-< p& CCa

'

,
,

Jy w.:6. g.t.c zyn c fl'l'c: v .
.

Group Specimen Description of
No. Nos. SpecimenEnclosure Purpose of Group

1 A, 0, G, J. NEl% 4, with EPDM gasket, Primary group for
M*and P 20 in x 20 in x 6 in complete test pro- .

(Hoffman Co.) gram
2 B.E H,'K. NDIA 4. same as above Secondary group for

,,

N and Q ; spare specimens and
back up usage.

3 C. F, 1. L /Yo e N c 4 c.r e < c .$. A.c e sand 0
(No fuse block ;

'

' in this group) 1 , '71- '' "

< v ,.

'

.
,, ,n

'A

,A egg 4 m-. , s -p % tgt *- 4 , ,

1 ' * ' '

3,,. ,. . ; / . , '-3 - 4.A., *
.

.

, ~ .
-
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1

j J,, ,

|

During environ = ental caposures and tests, the enclosurca containing
the specians will be vertically oriented; i.e., one 20-in-di:nension vill
be parallel to the vertical axis and the 6-in-diecnsion vill be horizontal.

The specimens will be firaly f astened (at ap'propriate times) to the back.
nouncing plates in the enclosures so th:t one 12-ter=inal one-piece block,

one 6-ter=in 1 one-piece block and one modular asse=bly vill be =ounted
with their longest di=ension tertically oriented; the rensining speci=cns .

will be horizentally oriented.

The spacinens vill rc=ain in the enclosures until they are recoved for

the final vire-retention test.

Approxi=stely 8-ft lengths * of 1/C #12 NJG Ms.:cced.t. ~l&ra s h ea.A, 6M.
in.:.. t .a > s r. .: c p.< e x n . r. <. r~. n:,

s-ill be codnected to the specimens and entended throug,a the bottom of the
enclosures.

The long (8-ft) lengths vill be necessary to extend the wires to outside
of the stea=/cht-ical-spray test vessci of See:1cn 5.14.

.

'
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MOUNTING SCREW..
~

LEAKAGE /CHARGlHG CURRENT METER
'

~ V. ,

< MOUNTING RAll

hU A-1.f @ j JUMPER
IRESn

', A-2 o,-

e

.. . . , - . .
.

,s
. ,

'I 't h b . , ,
RM,4 a 'i '

~

V | A-3 e>'

|
,

-y g. . o . .

'. V,- | A-4 :

y.. .. _
TERMINAL BLOCKS

V* | N.=-

h s, ,su |
-

_

'|
@'

w
8 ' ' 3 I -m r' 4 D-5 5:

V =V =V 240 Vac ..

3 b C
b d g.S e FA

Current Load - 25 A . "c-7
(current schematic is |
not shown) I l' B-8 y,

TO OTHER |

Q
.

SPEClHENS

=
og

- o
s

O
TEST VESSEL WALL y E_ - -

-
. n n_

r+ r-

O- n
,.

Figure 1. Electrical Schematic for Three-Phase Potential Loading of Test Specimens = c
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lu,ces to be connected to semp-type terminals vill be ter=inated with cri= ped-on
lugs; fastening screws vill be tightened to values of torque selected by
the c11 cat. The bare, stranded-vire ends of the other extension vires
vill be cla= ped in the 2:Oulc." terminals with screw corques selected by
the client.

The extension wires betvcen alternate terminals vill be connected in
series as short ju=per vires as illustrated in Figure l'.

Enclosures 1 and 2 vill have gasketed covers and any venting of the
interior vill occur through air passages around the c:ctensten vires
which exit the bottom of the enclosure throu::h a plastic-lined (probably
PVC) 1-in steel box-connector designed for non-natallic shcathed

cables.* There vill also be a 0.25-in-dia= drcin hole in the botten of the
enclosures.*

. ,

Because of the need to conduct separata ther=d aging prograns for
Durez and Reichhold r.olding compounds (sce Tabic 1 and Section 5.4),

the asse=bly and nounting of the spec 1=cas vill be cenducted in phases aA
discussed in Section 5.

.

.
-

.

':
.

A
.

.

..

'

i

.

|
'

< .

|
t

' , , *See rationale which supplements this program outline.
,
,,

} ~ k . ;. .

J F(w.
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5. TEST SEQUEliCE MD Fl.0'l

The test acquence which vill be fo11obed in this program is listed ,

Ibelow; the elements are described in the fellowing pages of this outline.
1. CNsala.ficJ 7'e.satAnce in c as u s' e m ea t' [ 3 ). ;

2. f/termal nyssif
3 Assemit e anal *rbeg ue
4. Wrfue fc* s t ( 7~7)'
S. Contac+ ifesatasce. n et CC,C f). ;

d. Radiatica aging
,

7. Repeat of CRT and IR tiensurcecnts .

1 Vibration aging (VA)
', Repeat of CRT and IR measure ents9

.

ff. Seismic test 4

p. Repeat of CRT and IR measurements -

12 jfogh poltefod tasdhstsard fast
, ,

/3 Steam / chemical-spray test
ff. Repeat of * CRT and IR measure = ants

//. High potential withstand test
jg. Spe conL 77
17, wire retention test ,

The flov of the test program considers the test sequence abovh,
program objectives (Section 2.0) and mounting arrangements for testing of
the specimens (Section 3.0). The program f!c:J is described in Figure 2. -

..
,

k

..
,

s

. ,

t 4 -

-
; ,
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6. TESTS Arid TEST METHODS
.

6.1 TORQUE TEST (TT)* ,

After assenbly of the speci ans, the screv.1 vill be retightened with
valuco of torque specified by Control ? oducts to verify that r.ilaxatien
of the screws had not occurred during the previous handling of the spec 1=cns.
Any evidence of relaxation vill be noted and recorded. This test will be

repeated at various ti=es during the program as noted in Section 3.

6.2 C0!tTACT RESISTAliCE TEST (CRT)*

Groups of specimens vill be electrically connected in series and a de
test current of 2.5 A vill be passed through the series circuit. With

the 2.5 A current passing through the circuit, the voltage drop vill be
measured across each centact point: between a vire conductor and a tubular
cla=p'cr between vire-ter=inating lugs and the cenducting strip on the +
ter=inal block, ne measurc=ents vill be made at various ti=es throughout
the progr'am; and any significant voltage drop across a contact will be -

converted to contact resistance by calculation (i.e., R = E/2.5) .

6.3 IllSULATION RESISTAftCE MEASUREMENT *

'

The insulation resistance (IR) of the speci=cns will be consured
utilizing the extcasion vires connected as shown in Figure 1. The IR will

be measuted first between the odd-nu=bered ter=inals connected together
(e.g., terminals A-1 and A-3) and the even-numbered terminals connected -

together and' to the =ounting rail (if present) and the ground potential. '

i
,

* Note that Mg & tag f?' M CAT
& & $d % 5 0% * *

. n: ..

I' 3-10p .
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Then the IR vill be censured between the even-numbered ter=inals (e.g.,
terrtinals A-2 and A-4, etc.) and the odd-nu=bered teruinals connected to

the hounting rail (if present) and the grou=d potential. The IR test
potential will be 500 Vdc held for a mini =ua of 15 seconds.

The IR ceasure=ents vill be c:.de at varia us ti=es throughout the

progran. In the event of ano=alous censurements, the IR of specific

terminals cca be censured execpc during the secam/chemieni spray exposure

j vhen physical access to test specicans is not possibic unless each ter=inal
is connected by separate extension vircs to the outside of the test vessel.

i
'

.

6.4 THERI%L AGING

The assc=blics vill be placed in a forccd-air-circulatien oven at the
'

te=peraturcs and for the tices listed below: ,

Specimens Ther:-al Acint: Cenditions
i

A.' Ter=inal blechs of 199 h (3.3 d) *

Reichhold Chc=icals 0121'c (250*F)
' Grade 25397 phenolic
! colding co= pound. . .

Also, lengths.of ex-
! tensica vire which
I will be used later

vith Dure: speci= ens.
|
! .

!

! B. Terminal blocks of 950 h (39.6 d)
Dure: (Hooker Chemicals 0165'c (329'F)
and Plastics, Inc.)
Grade 152 phenolic

| molding compound.
,

**

After thermal aging, the uncounted specimens of Dure: (except Group 3)
vill be asse= bled yith vires thermally aged at the lover temperature of 121*C
and fastened into enclosures 1 and 2 along with the Reichhold specimens.*

,
-

.

' -

,

; .' ' ~

, ' ,. p. s.

,
. . . .; . ..

*Sco Figure 2 and the rationale which supplccents the program outline. ;
. .

, ;
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6.5 REPEAT OF TT, CRT Aft 0 IR MF.ASUREMEllTS

Af ter thermal aging, and other envirocacnts discussed hereafter, the
,

asocEblies will be subjected to diagnostic tests consistin6 of torque tests
(IT), centact resistance tests (CRI), and insulation resistance (IR)
nessurc=:nts .

.

6.6 GA"FA PADIATIO t EXPOSURE
'

-

The assenblics vill be exposed to a 200-M:d, cir-cquivalent dose of
sa=a radia:1on frca a cobalt-60 source at a rate not to exceed 1.0 Mrd/h
(An average rate of 0.6 to 0.8 Mrd/h is anticipated.)

6.7 REPEAT OF TT, CRT A!iD IR MEASdREME!!TS -

'

The asse=blies will be subjected to TT, CRT,and IR neacurecents.

6.8 VIDRATIO:: A3I!;3 TESTS

*Group 1 specinens in enclosure 1 vill be fir =1y nounted to a stiff -

test fixture in a manner representative of insiallation in a generating
station (e.g., a unistrue interface between the cuelosure and the test
fixture).* The test fixture, in turn, vill be counted to a vibration test

facility table with the face of the table parallel to the floor. (The
'

enclosure vill be vertical as described in Section 4 and illustrated in
,

Figure 3.)

The enclosure with specirens will be vibrated (in sequence) along
three orthogonal axes, one of which shall be vertical. The endlosure will

bc vibrated from 3 to 60 Ha in 0.5-octava intervals at the amplitudes *

,,

shown in Table 2. At each frequency the vibration vill be maintained for
,

15 minutes. .i .

.

During the vibration aging, the extension wires and terminal blocks .j
. u.

will be connected in series with an electrical circuit carrying 0.25 A;. , , j j g;c L
. a,a e , .ee. . .

(ac or de) and including a strip chart recorder to monitor circuit int,egrity.s. ; .; dN
, -

e

~ ~} J.r ;.y; f Q,p),

: ;;$,- ;j ;, . b'hj3-12 ''
.
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VIBRATIO:1
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FIXTURE

- UllISTRUT f1CU*iTIriG
.

LOCATIO:1 Ef; CLOSURE (20 in x 20 in x 6 in)
0F CO:ITROL
ACCELERCMETER

'

3 f 4 A\

i/ld |

3 /, *l E :

i 2D Ill-26 Ill /
HEIGHT / -

26 INe ,

OF FIXTURE / / '

s / ,

'
' liOU:iTING

4 3 *
3.

HEIGHT :j . 1

TO BE ! ?
DETER!!If!ED .j

h ' - # 4i
,_

I I

k
EXTENSIO1

\
.

WIRES.

L SEIS!!!C FACILITY,

TABLE
'

.

..

'

,;

Figure 3. Schcratic of Vibration /Scismic Test Fixture
.
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Tabic 2. Vibration Aging Levels

Vibration ficainal !!ominal Table
'

Frcquency Acceleration l'e tion
(liz) (c) (in. d.a.)*

.

3.0 0.03 0.060
4.2 0.05 0.050

6.0 0.11 0.050
8.5 0.22 0.050

12.0 0.44 0.050
17.0 0.59 0.04 0

'

24.0 1.18 - 0.04,0
-

33.9 1.18 0.020
48.0 0.71 0.006

60.0 0.74 0.004 ,

*d.a. - double amplitude or peak-to-peak
- motion

.

EDTES: 1. Daell for 15 minutes at each frequency.
2. Repeat vibration in ecch orthogonal axis; total tima for

each axis = 3 x 15 = 45 minutes; total time at all fre-
quencies = 10. frequencies x 45 minutes / frequency = 450
minutes (7.5 hours).

.

3. Tolerances of acceleration levels will be approximately
2 20" of the nominal value.

.

$
..

I

.
-

,

T b

. .,
_

-
1 .

1

*e. p .f

Yid. . 3-14'' ''
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6.9 REFE.AT OF CRT AND IR MEASUREMENTS
i

The assemblics vill be subjected to CRT and IR eeasure=ents.
.

6.10 SEISMIC TEETS
-

.

6.10.1 Fragility Testing
-

6.10.1.s Mounting end orientatien

Group 3 specimens vill be counted in an enciesure (See Tabic 1 and
Fi ure 2) and vill be bolted firmly to a stiff test fixture as describedC

in Section 6.8 above execpt that the directica of actuator thrust to the
table vill be at an angle of 45' above the heri: ental planc. The four
cardinal horisontal arcs of the enciesure vill be identified as +X, +Y,
-4 and -Y as shown in Figure 4. The first orientation of the enclosure,

vill be vi:h the hori: ental cocpcnent of =ction' parallel to the shortest
d1=ension of the enclosure.

>6.10.1.b General Method and Test Le els
~

1) Vith the enclosure in the initisi orientatics described in Section
6.10.1.a. the spec 1=ans vill be subjected to multifrequency vibratica -

of.30-second duration over the frequency r:nge of 1 to 40 Hz. The
a=plitude of vibratica for this first test vill be adjusted until the
input of the facility tabic attains a level approxi=ately equal to
50 percent of the maximun facility capability as depicted in Figure S.
The response of the cabic vill be analyzed at one-third octave levels
and 5, 2.5 and 1 percent da_ ping. (The analysis can be accomplished.-

without repeating the actual vibration.)

After the above vibration exposure, the specimens vill be examined
(while mounted in the enclosure) for absence of mechanical failures*

such as obvious loosening of block fasteners, broken barriers, etc. -

2) With the enclosure in the same orientation, the procedures of
paragraph 1) above vill be repeated at icvels of 75 percent, and
then 100 percent of the maximum facility capability, or until spec-
inen failure occurs,

'
.

o

$*

*
: .
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PH ANTOM OUTLINE
OF SPECIMEN ENCLOSURE..

COVER FACES + X OIRECTION\ c----$ir- i i
' TEST FIXTURE I II I' ' ' pg |'- - -FOR SUPPORTING |
ENCLOSURE

| $ NI k TYPICAL POSITIONS OFQYl I TEST SPECIMENSg
s l l

I l |

_._

s

h - __- d iL ~. . gcy N +v.

N
.

I
P

t *

n T -TEST TABLE,

'

.

Ths X,Y and Z axes are.

\ixcd relative to the test
teility, vi:h the actuator TABLE THRUST VECTOR-

s tha X,Z plane, as shown.

The orientation of the. -

paci=en enclosure is indi- I
st d by a vector outvard
rcm, cnd perpendicular to,
u front face of the enclo-

[2ra covar. ,
,

''

This figure shews the.

accim:n oriented in the .

7 g,

X dirsetion. . V-2 7
- y .

.

HORIZONTAL COMPONENT VERTICAL COMPONENT -

IN X-Z P,L AN E IN X-Z PLANE
.

. .

Fliyre 4. Scismic and Vibration Axes Related tov
)u~L e, Specimen Orientation and Thrust Vcctor-

13-1s: . - ' ~.
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3) The enciesure (with test fixture) vill be rotated 90 degrees about '.
its vertical ar_is so that the horizontal component will be directed ,
,along another cardinal direction of the enclosure. De procedures of
parat,raphs 1) :nd 2) vill be repeated.

4) no procedure of paragraph 3) vill be repeated until the enclosure
is subject to fragility testing in all four cardinal directions.

5) The ma.:icum test icvol at which the speci=2ns did not fail vill
becoce the basis for a Safe Shut dcvu Earthqua':e (SSE) test icvel to
be used during subsequent saismic testin; with group 1 specimens.

.

6.10.2 SSE and OBE Testing
'6.10.2.b Coner:1 . Method and Test Levcis

1) Crcup speci=a.ns in enclosure 1 vill be =cunted in the sans canner
as described in Sectica 6.10.1 above. We spec 1=cns will be subjected

*

to cultifrequency vibratics of 30-cceend duestien over the f cquency
range of 1 to 40 H:. The a.:plitude of vibration for the first test vill
be adjusted in one-third octave intervals until the response spectrus
at the interface between the test fixture and the enclosura, analyzed
at 5 percent dc= ping, attains a icval appro=i=secly equal to two-thirds
of the SSE Icvel deter = ired in Section 6.10.1 abov.s. This two-thirds
SSE level vill be considered the Operating Basis Earthquake (OBE) level.

The response spectrum at the fixture-to-enclosure intecface vill
also be analy:ed at 1 and 2.5 percent da= ping.

During the seismic testing, circuit integrity will be monitored
as described in Sectica 6.8.

The criteria for successful perfor=ance vill be continued circuit
'integrity and absence of significant mechanical failures (see Section

6.10.1.b).

2) With the enclosure in the scea orientation, the procedures of -t

paragraph 1) above vill be repeated except that the assembly will be '

,

subjected to a total of five 30-s vibrations at the OBE level plus one .*
. t'

;

30-s vibration at the established SSE 1cvel. All test response spectra
at the enclosure mounting point will be analyzed at 1, 2.5 and 5 percent ..

damping. ~ 1]
, .,

_ g.
3) ne enclosure (with test fixture) vill bc . rotated 90 degrees about - "yi!'

its vertical axis so that it is oriented along another cardinal direction? '- 3p}
as defined in Figure 4. He procedures'of, paragraph 1) . and 2) vill T ' ~i W
be repeated.

' ' "

7,-
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; n . . . ,; - -,
,

* ?j "
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4) The. procedure of paragraoh 3) vill be repeated until the speci=en
.

is subjected to five 03E and etc SSE vibratien in cach of the four
cardinal direc tions (i.e., +X, +7, -X cad -Y in Figure 4) .

.

6.10.3 Excitation Control

The IcVel of scistic excitation v111' be controlicd by the response of
an accelereneter counted on the test fixture and aligned in the direction
of the cabic input toti..n (see Figuras 3 and 4) .

6.11 REPEAT OF CRT AfiD IR MEASURE"E.'iTS F"a d'''' 7' * * ' *'rnsmua W

The assenblies vill be subjected to TT, CRT and IR ceasurecents.

6.11 STEAM / CHEMICAL-SPRAY (SIMULATED-LOCA) TEST

Crcup l'specinans in their enclosure vill be scented in a test vessel.

f or stea=/chc=ic 1-spray cxposure. The extensien vires will be routed cut
of the vessel through epcay-potted pressure-scaling pencerations.* The,

spect=cas vill be connected inte a 240 Vac/2^ circuit as shcun in Figurmul.
A 25-/. current load vill be supplied throuch the ter=inals. A spray no::le

vill be posittened in the vessel to spray the top of the enclosure.

The speci=cas, while cicetrically loaded, vill be subjected to a
7-day secac/chc=ical-spray exposure in accordance sith the profile in
Figure 6.

The chc=ical spray will consist of a solution containing 3000 ppm
.

boren as boric acid and 0.064 =olar sodius thiosulfate, buffered with
sodium hydroxide to a pH of 10.5 at room temperature.

o
.

'

..
-

.

,' .
.

.

* Detailed description of the enclosures, the counting of the specimens
and the ecthod of cabic entry into the enclosure vill be availabic to - -

the client as part of the Test Check List. See Section 1.0. -

.
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n e chemical solution vill be sprayed at a rate of 0.15 gp:s per
square fcot over a hori: ental area at the top of the !G2% enclosure. So=e

i

spray vill also i=pinge on the cover of the enclosure. Fresh spray solu-. .

tion vill be used for the fire: three hours (uinimun) of each dwell at 346*7.
% creafter, the spray solutica vill be recirculated fro = the pool of spray

'
solution and ste== condensate that collects at the bott6m of the chacber.
The pH will be teettored daily end, if necessary, fresh spray solution vill
be added to restore the required pH value,

ne values of potential 4 current in the energi:ing circuits vill

be conitored periodically and recorded. If ths ve. lues of potential and

current drif t away from the specified values, they will be adjusted to
the requircd 'levcis. If any spec 1=cn fails, the energizing circuit vill

be disconnected frc= the specinen. De IR of th'c speci:nns vill be ceasured
at the times indicated in Figurc 4.

,

._ _ ...

+

6.U REPEAT CF IR MEASUREME!!T5
'

.

.

Af ter removal of the spect=ans frem the test vessel, they vf.11 be
subjceted to IR measure =ents.

6.lf fit:AL HIGH-FOTENTIA!.-WITHSTAt:0 TEST

A potential of 2.2 kVac vill be applied to each specimen with the
adjacent ter--61s and the mounting rail at ground potential. At the *

end of 1.0 min, the leakage / charging current vill be measured.

.. . . . . . .
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6.1T'STECI,*st TCliWE TEST
.

'All uoun:ing cud terminal screws vill be checked for relaxation
throuEh a torque rest. A torque screwdriver vill be set to a ve.luu of
0.9 H.c (3.0 lb in) below the values used 'in section 5.1. All the appit-

cabic screvs vill be tested for movc=ent at the reduced torque values.

The screws will be rechecked at increo3nts of 0.23 N u (2 lb in) until
covecer.: is visually detec cd or the initial velun of Section 5.1 is

attained, whichever is icss. Tac results vill be docu=ented.

[UOTE: Tac pri=srv cbjective of the test progra=
(sec Section 2) vill have been =at at this point
if the specia:ns havn perfor= d satisfactorily.
The rcr:sining portiens of the tes: program are
for .::ceting tha seconde.ry obj ective. )

6.16 FI G.L 'a' IRE RETDITION TEST '

This test is cpplicabic only ec. ter=inal biochs utilicinc., ttaular
viro cle. ps. The exression wires vill be gripped in a canner illustrated
in Figure 7 and pulled until a tension force of 70 lb is attained. The
70 lb force vill be maintained for 1.0 minute =inimum.

.
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TO UPPER' WIRE
. CLAMP OR GRIP *

A
-

ItlSULATED WIRE N
,

CARE C0!iDUCTOR

TERMit:AL ELOCK

/. L._/
-

/ -

TUBULAR CLAlf
i

~,
.

'

!/
*

E
'

s -

T
4

.

.

[ .

V
-

TO LOWER VIRE
~

GRIP OR CLAMP *

-o
..

*70 LB TEllSILE FORCE WILL BE APPLIED SY A TEST MACHINE OR FIXTURE.
, .,

,

.

% $ . 8

4 s

c. Figurm 7. [5chematic of Utre Retention Test ..,
-
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7.0 FIML REPOT(T.
.

At the conclualen of the test program, a final report vill be prepared,
documenting the testa perforced and the renults obtained.

Eue=ri:cd d ta vill be incorporated into the final report and a

copy of original data including data sheets, logs c.:d plots of vibration
spectra vill be pro rided to Centrol Products. Tne ori inal dsta sheets,C

lots cnd strip-chert records vill bc c:aint..ined in FP.C files for five

'years.
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Thermocouple-;

,

y thermocouple application data I

|ggggy h h, $' "

g - 6 " SC 4- - C O - 2 c '- /
,

|
,

- o iXPosud (fnen ws WiNiin Gw/tweie.uf 8/d4;-

(-, ,q., ,4 ;.y if your thermocouples are not in out.

k g,, }J
. *? Miniature or Industrial Thermocouple.-' - - '.

's . catalogs, you can order them here!
h ;.;g' , , % yi- .g Thermo's custom CERAMOCOUPLE S

*

, A . i. 'b' " ' ].
~ ~ ' is built from our well known CERAMO

"

.- - thermocouple wire. CERAMO,.g '|| /@ ' # i 'a . . ' thermocouple components and
''

,, - E* {.: [ ,: '. . finished custom thermocouple* -

'

; [ ., '- T
. assemblies are all made in our'i

[]h~ C ty.p 4| factories with rigid quality control| |
.# n: checks at every production stage.

^-

.*
* < ~ . f '.*.

, .
/

'

.
*H This, plus Thermo's know-how

accumulated during more than threc {v ' 'T [ . , , '{ - . ' '

ja ' . e ', ;
k +

.. decades of thermocouple
|

e,
,

-<.5 manufacturing experience means a )*

'
. - 'c ~ '

Custom CERAMOCOUPLE that mee's. , .,
*

-
-

-
-- -

- the highest standard of thermocoupie
quality,b
The cutaway photographs show a
CERAMO nuctcus; the carefully
selected, matched, calibrated pair of
thermocouple wires. These wires arn :
accurately positioned in compacted
ceramic insulation and surrounded by
a tight fitting, protective metal sheath.'

i The efectrical and physical properties
| of CERAMO make it the most versatild,,

rugged, and dependable thermocoupl(
configuration avalfable today., r

t
#

g-

1
,

|
1 :

TERMO ELECTRl(v -

Saddle Brook, New Jersey 07662
|Brampton, Ontario LEW 3J2 -

4-1 Leiden, Box 515. The Netherlands
e 1975 Thermo Electric Co., Inc.

|
- _ _ _ _ _ - _ _ _ _ _ _ _ _



internally reinforced f ,r streagth bNCISbONE 4.ind stra'n rehe' at trawitten t>etween*

sohd pecbe and fleasb'o catension wires
withstands antl-fray
pressure steeve

' o,

-, , ,
_

_
_,- - __. ; qw_: m :"ita' *=-

<>

corrosion resistant
g;emitte estensionsheath protects wires for long lifeinterior wires

.-

adaptable to many
fitt:ngs and connectors

easily |
formed jlow enass for by hand

f:st response

.Q- - -
- -

i,

't

-

6

small sizes
fat anywhere

.

g
a

CERAMOCOUPLE "Plus" Thermo Efe:tric provides a superior thermocouple by taking every precaution I
against componerst failure. Why gamble your product or your process cns

Bsnefits thermocouples that don't have this built in TE quality?
$ Easily Formed Although basically rigid, CERAMO can be formed to fit instattations

where straight thermocouples cannot be used. it can be formed on a radius as
small as its own outside diameter, yet retain its form after being bent.

p Small Sizo CERAMO fits openings too small for conventional thermocouples.
Cutsido diameters start at 1/25 of an inch.

g Durability in many applications a CERAMOCOUPLE can operate without a
protection tube. They have with=tood 50.000 psi external pressJ1_e under controlled
conditions, and are used as standard temperature sensors in such harsh
environments as jet and rocket engine exhausts.

p Fast Response The smaller mass of CEHAMO reduces thermallag, consequently
CERAMOCOUPLE response to temperature change is faster than larger,less
rugged thermocouples. To illustrate: a 1/16 inch 00 CERAMOCOUPLE responds
as rapidly to temperature change as a butt welded 16 gage bare wire thermocouple,

b Long Life Life span is increased up to 135 times. In a typical chemicalindustry
application a 1/8 inch OD CERAMOCOUPLE lasted 7 to 9 months, while 14 gage
bare wire thermocouples failed in 2 to 14 days. In many nuclear reactor

,

applications, reactor life is dependent on CERAMOCOUPLE quality. A
$ CERAMOCOUPLE in aluminum industry annealing, heat treating and aging

I furnaces provides the response of a ceramic beaded thermocouple and the long

| life of a thermocouple in a protection tube.
,

p Wide Temperature Rating With the proper choice of materlats, CERAMO will
operate satisfactorily at 4000 Fj as low as minus 450*F.

g Corrosion Resistance CERAMO has excellent resistance to moisture, chemicals,
,

I petroleum products, nuc! car radiation and abrasion, depending on the sheath
material selected. The sheath also offers excellent electrostatic interference.

* shielding for sensitive thermocouple circuits. *

8 Accuracy CERAMO conforms to ISA and ASA Cimits of Error.
8 Applications The above characteristics plus the versalitity of CERAMO havs made

it an unbestable performer in such applications as heat treating furnaces, ovens,
chemical baths, extruders and oil refinery furnace tubes. In each case a
CERAMOCOUPLE was selected because it offered the right combination of
properties nece sa y to do the job in an economical and efficient manner,

"r% i.a n - Th e rm a n n i . nl 4.
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Caht> ration of therr90 Couplek

wires ; /

sample ordering code
1

Ordering Code Digit 1: Select the cahbration which provides the highest sensitivity
for your temperature range, or that matches your instrumentation. It is usually not
necessary to consider the environment in which the thermocouple is to be used
at this time, unless you are ordering an r Aposed measuring junction.

Commonly Used Thermocouples

Ordering Temperature Sensitivity (average Limits of Error Conductor Identification
Symbol Range F change per e F in ,N) Standard Special* Pos. (+) Neg. (-)o

J 32 to 530 30 14 c F m2"F*4 530 to 1400 32 23/4% 3/8%* magnetic nonmagnetic
,

T -300 to -75 14 c1%* copper color
-150 to -75 17 22% 1%* nonmagnetic nonmagnetic
-75 to +200 22 21 W F 13/4'F*
200to 700 30 13/4% 3/8% *

K 32 to 530 23 4"F 2 F* y
530 to 2300 22 3/4% 23/8% * nonmagnetic magnetic

E 32 to 600 39 23'F 121/4'F* silver color
600 to 1600 44 21/2% e3/8% * nonmagnetic nonmagnetic

S,R 32 to 1000 5 12.5 F* softer than
1000to 2700 7 1/4% * positive

conductor

Limits of error per ASA C96.2
Percsntages refer to the temperature being measured
'To specify speciallimits of error, use a double calibration symbol, e.g.: JJ.

_ ; Type J, Iron (+)-Constantan (-), is the most commonly used calibration.
If unprotected:
1. The wires will function in a vacuum. inert, oxidizing or reducing atmosphere.
2. The iron wire may b ; attacked by ammonia, nitrogen and hydrogen atmospheres.
3. In sub-zero temperatures the iron wire may rust or become britt!c.

Type T, Copper (+)-Constantan(-), is commonly used for sub-zero to 700*F
temperatures. Preferred to type J for sub-zero applications because of copper's .
higher moisture resistance, as compared to iron. If unprotected,it will still function
in a vacuum. Inert, oxidizing or reducing atmosphere.

Type K. Chromel* (+)-Alumel* (-). is generalty used to meare high temperature
* to 2300*F. It shculd not be used for accurate temperatura measurements below

| 900*F after prolonged exposure above 1400*F. If unprotected it c.an be used only
i in inert or oxidizing atmospheres. It has a short life in atteir ately oxidizing and

reducing atmospheres, and in reducing atmospheres, particularly in the 1500 to,

! 1850*F ranga ;

Type E Chromel* (+)-Constantan (-) has the highest emf output of any
standardized metatile thermocouple. If used unprotected, type E wires are not
subject to corrosion at sub-zero temperatures. They can be used in inert,
oxidizing or reducing atmospheres. Because they cover a wide temperature range
with a single calibration curve, type E thermocouples are preferred for computer
applications.

4-3
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2. Outcide Diamat ir

,

l

i s

! .

.

|

;

.i''''
.

. .

, .. ; ,.

conductor size ;
,

, .,

,
,

minimumm y- < -
'

. .

4 insulation i--

thickness..3/1g ,
. ,

,

hh=k
00;,' ' |.. . .u :h,.

*^ gg t.
.

. .... . . fs g ''
'

sheath CERAMOCOUPLE7#1s
'#

- . thickness Cross Section
$.%'.. -Q' .. Q'1A.2 g

.g.,

, q|
.

(

outside diameter

sample ordering code J 14
1 2

Ordering Code Digit 2: Select a thermocouple diameter considering tabular
information below. Larger sizes generally yield longest life and greater strength;
smaller sizes havo faster response.

Ordering Table
_

j. Conductor Size Minimum Minimum
) '' Nominal OD insulation Sheath Max.'

. rdering OD Tolerance Nominal MinimumThickness Thickness Length ;O
(AWG) (inches) (inches) (inches) (feet) jSymbol (inches) + -

,

:125 1/25 (.040) .0015 .001 36 .005 .004 .006 EO !

M 16. 1/16 (.0625).0015 .001 30 .010 .005 .009 MO

' 332 3/32 (.094) .002 .002 26 .015 .006 .010 100

(18 1/6 (.125) .0015 .001 24 .020 .012 .012 100
,

316;. 3/16 (.1875).0015 .001 20 .031 .022 .020 50 ,

|14 t 1/4 (.250) .002 .002 18 .040 .025 .028 50

516 ; 5/16 (.3125).003 .002 15 .057 .030 .037 40

38: ;3/8 (.375) .003 .002 14 .064 .035 .045 36

716 '. 7/16 (.4375).005 .005 12 .077 .040 .050 28

!These si.tes for two wire construction only. For duplex and other special
i constructions refer to Saddle Brook.

4-4| _ Wh __ ._ _ __ _ _ __ _ - _ _ __ _ __ - _ _ _ __ _
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' Suggeseed Upper Temperature Limits
for Protected CERAMOCOUPLE

Suggested Upper Limit for CER AMOCOUPLE OD of:
Calibration 1/25* 1/16" 1/8* 3/16" 1/4" 5/16" 7/16"

AJ 900*F _ 1000*F 1000*F 1200*F 1200*F 1200*F 1200*F
T 300*F 400 F 400*F 700** 700*F 700*F 700 F
K 1400*F 1800 F 1600*F 2000*F 2000*F 2000 F 2100*F
E 800*F 1000*F 1000*F 1000*F 1100*F 1200*F 1300*F

The ratings specified abr+ e are the maximum service temperatures at which
a thermocouple will yleid a satisfactory life.Since the field of thermocouple
applications is extremely diverse, there are cases in which thermocouples may be
used above suggested limits. and on the contrary, those in which satisfactory life
will not be obtained at the suggested upper limit.

Typical Response Time Data
for Standard CERAMOCOUPLEf

%m/ Thermocouple Type of Typical
OD (inches) Measuring Junction Response

(seconds)
1/25 grounded 0.07
1/25 insulated 0.11

*

.

A 1/16 grounded 0.09
1/16 insulated 0.28
1/8 grounded 0.34
1/8 insulated 1.6
3/16 grounded 0.7
3/16 insulated 2.6,

1/4 grounded ' 1.7
1/4 insulated '4.5
1/4 exposed loop 0.09

Values listed are the average of several CERAMOCOUPLE elements checked in
each category. They show the time required to indicate 63.2% of a temperature
change. The tests were performed during a step change from room temperature
to boiling water. ,

.

$
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3. M asuring Junction
W

~~~

C1 - h 7< ,x measuring junction g,

*

!
sample ordering code

J 14 G
1 2 3

Ordering Code Digit 3:
Each of the junctions described offers different performance characteristics.The
closed grounded junction is considered standard because it is generally the most
suitable type, combining f ast response with complete environmental protection of

' the thermoelements.

~ ' Ordering Symbol G Grounded Measuring Junction
in this construction, the measurino iunction is completely seated from contaminantL
ana oecomes anJntearat part of the tio of the thermornnn!n Response time,

approaches that of an exposed loop thermocouple, and in addition, the junction
conductors are completely protected from harsh environmental conditions.Sma!I
diameter thermocouples with grounded junctions may be sefacted to match or,

better the response time of targer exposed icop thermocouples.The operational,

life and upper temperature limit of the junction will be extended due to ther

protection offered by the CERAMO sheath. The radiograph shown is a production
?
~ run CERAMOCOUPLE.

$ .

.v

e

-w
. e

~'~ ~~ ~ Ordering Symbol U insulated Measuring Junction
in this construction. the thermocouple conductors are welded together to farm the
junction, which is insulated from the external sheath with magnesium oxide. The
response time for an insulated junction is slightly longer than for a grounded

I /, junction thermocouple of the same outside diameter. In insulated junctionf

thermocouples, however, conductors are electrically insulated from the sheath:
.

[T f
*

fg a feature advantageous in app!ications where thermocouples are used in
conductive solutions, or when used for differential, averaging (paratic!) or additive.. .,

,/. / (series) applications, or wherever isolation of the measuring circuitry is required.,.7

/>

,i7',/
_/ Jr

/.

, <
; ./ . . -

Ordering Symbol E Exposed Loop Measuring Junction
U. 7 gQ mg

The exposed loop junction offers a faster thermal response time than the otherM s
''

*h % junctions described here, while the CERAMO sheath materlat protects the
4 remainder of the thermocouple length.This type junction is limited to mild~,

environmental conditions or one time usage under more severe conditions. Care1

[
I,

' must be taken not to allow the exposed insulation to become contaminated with
<

I l'" '

f conductive substances, especially moisture.For low temperature applications,
|

{(
the insulation may be seated with one of many available sealing compounds. In

!
most applications the disadvantages of the exposed loop junction can be overcomeE !

and response time preserved by using a smaller diameter grounded lunction, or| ''
; ;

| with a " Coax" or reduced diameter tip construction.' ;

I

( !'

s
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4 iCareful selection of sheath material with consideration for the application
environment can often greatly extend thermocouple life expectancy, as shown in
the sheath material ordering table.These 400 X photomicrographs compare a good
stainless steel sheath free of grain boundry carbides (A), with the same sheath
material having detrimental carbide precipitation (B), and heavy outside diameter
surface attack (C).

|

|

|
shest's materlat

;

( # |

l.
I

~

sample ordering code
1 2 3 4

,

Ordering Digit 4: Select a sheath material that will yield good corrosion resistance,
resistance to temperature and thermal shock, strength, and abrasion resistance
in your application. For long service life, only contaminant free sheathing of
known chemical and physical composition is used. CERAMO is bright annealad
to remove contaminants, and meets ASTM specifications where app!Ictbfe. f

4-7
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ENCLOSURE 4 5

s

;

3rdering Table Digit 4:

Drdering' Sheath Maximum Temp. Melting Application
Bymbol / Material (cont. service, air) Range Notes

304t '4 stainless 1650*F 2550-2650*F The general purpose austenitic stainless steel. Subject

''*a steel 304 to carbide precipitation in the 900 to 1600*F range.
Corrosion resistant in the ans.caled condition. Not

g.g.fd affected by sterilizing solutions; foodttuffs, most
cig[1 *8 dyestuffs, organic chemicals and many inorganic

,
,

* Me) chemicals.'

310,)Q stalnfess 2100*F 2550-2650*F Very high elevated temperature strength and scale
steel 310 resistance. Superior to 304 in many high temperature

A.''%.:j]- W '. applications. Good resistance to carburizing and
.) 7 ' reducing environments. Subject to carbide precipitation
+ - ],- in the 900 to 1600*F range.

,

316 stainless 1650*F 2500-2550*F Higher corrosion resistance than Type 304. High creep.,

": steel 316 strength. Withstands sulphuric acid compounds, resists

. %:$ tendency to pit in phosphoric and acetic acids.'

i .I Subject to carbide precipitation in the 800-1500* range.

.j stainless 1600*F 2550-2600*F Columbium stab!! zed grade intended to prevent harmful347- .

] '.',.4 steel 347 precipitation of chromium carbides and the resulting
_

susceptibility to intergranular corrosion . For corrosion
' ,' " ' I.

[Y conditions and intermittent heating and cooling
applications between 800*F and 1500*F.oe

3600' .1 Inconnel* 2100*F 2500-2600*F Good in severely comsive environments at elevated

4 . 600 temperatures.High tN-strength and resistance to' ~?

y7 progressive oxidation and fatigue. Nonmagnetic. Use

h /F: in sulfur free atmosphere.

|00X% 40 Hastelloyt X 2200*F 2350*F A!!oy, principally' nickel, chromium iron and
$p)h2!'T molybdenum.

Q.10 R t platinum 2500*F 3370*F approx. Addition of rhodium increases service temperature, ,

L $334 10% rhodium strength and corrosion resistance.

lfA M q', tantatum not recommended 5425'F. Useful to 4000*F in inert gas environments or in a

%N vacuum.

|Oth;r mit; rials that can be made into tubing can be used for sheath material.
i'Tridemark, International Nickel Co., fr!c.
| tTr dtmark, Union Carbide Corp.

1

'1

.
- -

i
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Options Spec'I'2<='5: ENCLOSURE 4:
-

In addition to our standard quality control tests and inspections, we can perform
and certify the following:

^

1. Mass spectrometer helium leak: tests sheath integrity
>

2. Liquid penetrant test: detects surface flaws in probe sheath' ,

3. Radiographic inspection: determines precise condition of conductors at p"|'
measuring function, angle of twist, pLck integrity, welding penetration V

4 Metallurgical examination: determines grain size of sheath
5 Point calibration: gives exact amount of deviation from NBS standards at

specified temperatures. Thermocouples to be tested must be at least one foot
long. Standard temperatures of test are: -320, +75,212,400,500,800,1000,
1500,1800. Freeze point calibration is also available for thermocouples at the-

folfowing temperatures: 449.384,621.32,787.1,1220.0,1761.4 and 1981.94. All
ternperatures are degrees Fahrenheit. When requesting calibration, specify
the immersion length you plan to use in your application.

# Insulation
Tho standard CERAMOCOUPLE insutatinn material la mannesium oxide (mao).
The M 0 used in CERAMO is of the highest purity commercially available. Boron2

content is low for nuclear applications. It maintains high electrical resistivity to
temperatures in excess of the temperature limits of the sheath and wires. Forming
CERAMO to a radius equal to its outside diameter will not affect the insulating
qualities. If another insulation is required, consult our Saddle Brook office.

Commonly used Mineral losulations

Material Formula Melting Max. t.imit
Point *F in Oxidizing

Atmosphere *F
t Magnesia MgO 5000 4350,

Alumina AI,0, 3700 3550

Th:rmocouple 1. The thermocouple tip should be located in a position where the mass velocity

In tallation Practices is high to assure good heat transfer. However, if the velocity is in excess of,

300 fusee measuring errors couid resuit from frictionai heating (contact
Thermo Electric for information on stagnation thermocouples).

2. When used in a protecting tube or thermoEvell, the thermocouple should touch
bottom for optimum response and accuracy. Spring foaded CERAMOCOUPLE
elements are described in our Industrial Thermocouple catalog.

3. A pair of thermocouple connectors or a connection head is recommended
between thermocouple and extension wire to provide accurate readings,
positive connections, easier checking and replacement.TE's color coded
quic'. coupling connectors offer a quick method of identifying thermocouple
calibration, without tagging.

L lt is generally advisable to extend the thermocouple beyond the outer surface
ci ihe processing equipment to prevent heat damage to the transition and
eliminate calibration error,

The latter is especially important with type R and S thermocouples using
copper a!!oy extension wires, which approximate the platinum rhodium *

temperature emf curve very closely up to 200*F. Beyond 200* the error grows
increasingly large so as to be unacceptable in most appilcations. Other
thermocouple extension wires, in general, are not calibrated beyond 400*F
and ac.aordingly, ambient temperatures exceeding this point could create'

measuring inaccuracies.

Please check your nearest Thermo Electric office for availability of thermocouple
configurations, materials and dimensions not listed.

Thermocouple Accessories are described in the fo!!owing catalogs, available
upon request:
Thermocouple Connectors
Connector Panels
Thermocouple and Extension Wires
Selector Switches for thermocouples
Thermocouple Terminal Bones and terminal blocks

he .
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ENCLOSURE 5

LOCA ENVIRONMENTAL EFFECTS ON CONTAINMENT
MINERAL INSULATED CABLE PENETRATIONS

During normal operation, the entire penetration is at thermal
equilibrium with no differential thermal movements between the
component parts. Immediately following a recirculation line break
or a steam line break, however, the component parts of the pene-
tration will react with varying thermal growth rates to the sudden
increase in environmental ambient temperature. This differential
response will be due to size and geometrical differences among the|

various parts of the. penetration assembly, and to material
property differences.

i

Re fe rence (2) characterizes the penetration assembly exclusive of
the cable, its sheath, ferrule and threaded fittings as " massive".
This is inaccurate. The SS plate assembly through which the
cables pass is not " massive" from a thermal stress / strain point of
view. The plate assembly is characterized by a very low Biot
modulus (hL/k < 0.1), implying that the temperatures throughout
the plate will be substantially uniform at any instant of time.
Thus, there will be no significant dif ferential thermal strains in;

; one part of the plate relative to other parts of the plate which
! might cause distortions near the interface with the threaded cable

penetration fittings. The problem is therefore reduced to
consideration of the dif ferential thermal response of the copper /
brass cable penetration fittings relative to the stainless steel
plate assembly to which they attach.

Copper and brass are characterized by a much larger thermal
dif fusivity than stainless steel (k/cp - 4. 42 square feet / hour for
pure copper, approximately 1.14 square feet / hour for brass vs.
approximately 0.15 square feet / hour for type 304 SS). The magni-
tude of the thermal diffusivity is related to the speed of
temperature response of a body when subjected to a change in
environmental temperature: the greater the diffusivity, the more ,

rapid is the temperature response. This meaq,s that as the pene-
tration assembly heats up following the sudden application of the
high ambient temperature (2770F maximum), the temperature of the ,

steel plate will lag behind that of the brass / copper penetration
subassembly. This situation, coupled with the slightly larger |
coefficient of linear expansion of brass, ensures that the thermal
strains which occur in heatup will be of the type to augment the ,

sealing forces existing between the steel plate and brass fitting
(i.e. the I . D. of the threaded hole in the stainless steel plate
increases, but .not as quickly as the increase in O.D. of the -

threaded portion of the fitting). ;

i

!
!

,

!
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ENCLOSURE 5

1

For a rapid cooldown, the above-mentioned factors would tend to
work against the leak-tightness of the cable penetrations. But
Enclosure 8 shows that rapid cooling of the containment atmosphere
does not occur following a LOCA. Ambient temperature reduction
occurs quite gradually, so that all parts of the penetration
assembly will be in thermal equilibrium with the containment
a tmosphe re . No dif ferential thermal strain will result from this i

situation. |

Conclusion: For that time period in which the containment
ambient temperature changes rapidly, the induced
thermal stresses in the penetration assembly act in
a direction to provide greater sealing force and

,

g reater leak-tightness. Post-LOCA containment cool- I

down rates are not great enough to produce the |

reverse effect af ter peak containment temperature has
been reached.

.

k
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ENCLOSURE 6

!

9EACTOR VESSEL SAFETY SYSTEM WATER LEVEL TRANSMITTERS

MODEL

Water Level #1 T/613DM - MS2-0
Water Level # 2 T/613DM - MS2-0
Water Level #3 E13DM Style B (No other Letters)

CASE

Water Level #1, Style E
Water Level 82, Style E
Water Level # 3, Style B

CURRENT

Water Level #1, 2, 3 10-50 MA DC

AMP

Water Level #1, 2 Remote Amplifier N119LN
Wa te r Level # 3 Remote Amplifier N0141NL

BODY

Water Level #1, 2, 3 Body Material Stainless Steel
Cover-Cast Aluminum, Water Tight

CAPSULE

Water Level #1, 2, 3 Capsule 316SS A62139 U102XF (Teflon)

ELECTRICAL CONNECTION

See attached diagram.

SPECIAL MODEL

None.
|

,

c -

6-1
..



i

|.

1
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ENCLOSURE 7

LA CROSSE BOILING WATER REACTOR
ENVIRONMENTAL AMBIENT TEMPERATURES FOR THE TURBINE BUILDING

FOR MAIN STEAM LINE BREAKS AND MAIN FEEDWATER LINE BREAKS

REFERENCES: (1) ACNP-66564, Description of Post-Accident Safe-
guards Provisions for the La Crosse Boiling
Water Reactor, Allis-Chalmers Atomic Energy
Division, September 1966.

(2) ACNP-66530, Answers to Questions Received from
the Division of Reactor Licensing, Answer IV-12,
Allis-Chalmers AED, April 1966.

Information is provided, summarizing the results of calculations
which determine the transient ambient temperatures at four
locations in the turbine building for two types of high-energy
pipe breaks: a main steam line break and a main feedwater line
b reak .

Finally, the amount of water which might accumulate in the pipe
tunnel in the event of a main feedwater break was determined.
This quantity was calculated to be 204,848 lbm, corresponding to
3,283 cubic feet.

|
.

1

6
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* ENCLOSURE 8

LA CROSSE BOILING WATER REACTOR,

ENVIRONMENTAL AMBIENT TEMPERATURES FOR THE REACTOR
CONTAINMENT BUILDING FOR A LOCA IN CONTAINMENT

REFERENCES: (1) ACNP-66564, Description of Post-Accident Safe-
guards Provisions for the La Crosse Boiling
Water Reactor, Allis-Chalmers Atomic Energy
Division, Sept. 1966.

(2) ACNP-66530, Answers to Questions Received from
the Division of Reactor Licensing, Answer IV-12,
Allis-Chalmers AED, April 1966.

Included are the results of calculations performed to assess the
capability of the CCW piping to be utilized as a heat sink for
post-main steam line break conditions within containment. These
calculations assume that, initially, the scenario of Reference

1 (1), Section 5.2 obtains, and that the temperature response of
containment for time t < 10 hours corresponds to that shown in
Figure 5.1 of Reference (1). Starting at time t = 10 hours, the
scenario is modified to take credit for containment heat removal
through the CCW piping. No credit is taken for operation of the
containment spray system at any time following the break.

The heat transfer characteristics of the CCW piping were assumed
to be as follows: (a) total heat transfer surface area (CCW
piping and components) = 1000 square feet; (b) combined natural-
convection / condensation heat transfer coefficient h = 50 Btu /hr.
square' feet OF; (c) surface temperature of CCW components = 900F.

The following data were extracted from Reference (2):

(a) Containment Free Volume = 264,1G0 ft3,!

(b) Total Mass of Primary Water Open to Containment Atmosphere =
66,173 pounds.

! (c) Total Energy Released to Containment at Time Equal Zero =
39.5 x 106 Btu.

(d) Energy Absorbed by Containment Air = 3345 Btu /OF.

(e) -Decay Heat Energy Added = 336,000 to.8 Btu (t= time in
minutes).

.

8-1
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ENCLOSURE 8

!

Utilizing the above data, the following energy balance equation
was solved for T, by trial and error methods, for successive times
t > 10 hours:

264,160 = kugg x [39.54x106 - 8.1312x107 - 3345 (T-80) - 66173 uf +
8.889x106 t0.8 - 5x104 (t-to) (T-90)]

WHERE:

t = Time af ter steam line break in hours

to = 10 hours
T = Containment ambient temperature in degrees F

g = Specific volume of saturated steam at temp T, cubic feet /lbmv

ugg = Internal energy of evaporation, Btu /lbm
uf = Internal energy of saturated liqaid, Btu /lbm

Initial ' conditions: at t=to, T=1750F

Results of the process are tabulated in Table 1, plotted in
Figure 1.

.

.

l
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ENCLOSURE 9

EFFECT OF INITIAL CONTAINMENT AIR TEMPERATURES
ON COtiTAINMENT PRESSURE AFTER A LO_C_A,

REFERENCE: Amendment 13 ( ACNP-66501, January 1966) - Answers to
DRL Questions to LACBWR Safeguards Report for
Operating Authorization.

The peak containment pressure immediately following a LOCA
(Postulated MCA) was determined in the Reference f rom the follow-
ing energy balance for release of steam and water from the primary
system to the Containment Building and the resulting partial
pressures of steam and air.

264,160 = Vg [39.54 x 106 - 3345(T-T ) - 66,173 (ug)]o
ugg

|

Where the variable properties apply to the final saturation
conditions for steam at equilibrium in the containment volume,
and

,

1

3Vg = Specific volume of saturated vapor, f t /lb

ufg = Internal energy dif ference by evaporation, Btu /lb

ur = Internal energy of saturated liquid, Btu /lb

T = Final saturation temperature, OF

To = Initial average containment air temperature, OF

The constants in the above energy balance are:

Total primary system mass = 66,173 lb

Total contained energy = 39.54 x 106 Btu

Containment free volume = 264,160 ft3

Heat absorption by contained air = 3345 Btu /0F
.

The reference calculation assumed To = 800F.
The calculations have been repeated for a range of initial
containment air temperatures, To, from 600F to 900F with the
following results:

9-1
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Steam Air Contelament
initial Cont. Peak Cont. Partial Press. Partial Press. Pressure

Temp. Temp. at Peak at Peak at Peak
(*F) (O ) (psla) (psla) psia psloF

60 271.55 42 92 20.68 63.60 48.90

80 271 72 43 05 19 92 62.97 48.27
'

90 271 79 43 10 19.56 62.66 47 96
*

.

Conclusion: The initial average containment air temperature has
a very minor effect on the peak containment pressure
during a LOCA and in fact a higher initial temperature
produces slightly lower peak transient pressures.

9-2
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ActJP 66501

CALCULATIONS

The analysis performed was based on the following conservative assumptions:

(a) Ten percent of the total fuel clodding in the active core reacts with water.

(b) Hydrogen generated by the reaction contributes to the containment pressure
either through odded volume or through energy release due to recombination.

(c) The reaction contributes to He containment pressure riw while the contain-
ment is at peak pressure immediately ofter the maximum credible occident (MCA).

The heat evolved in the stainless-steel steam reaction is assumed to bo 255 B?u/lb based
on a reaction temperature of 2781 F (Reference: GEAP-3335, " Metal-Water Reactions,"
Leo F. Epstein, January 30,1960). Hydrogen evolved from the reaction is 0.441 liter
(@ STP)per gram of stainless steel (Reference: Table 5.5 of ORNL-NSIC-5).

1. Calculation of Building Pressure Following MCA (Neglecting Metal-Water
Reaction)

Total primary system mass = 66,173 lb

6Total Contained Energy = 39.54 x 10 Btu

Containment Free Volume = 264,160 f,3

Heat Absorption by Contained Air = 3345 Stu/oF

An energy balance for release of steam and water from the primary system to the
containment building leads to the following opproximate equation:

264,160 = I 9 ) 39.54 x 106 - 3345 (T - 80) - 66,173 (u )
(u ) g

g ,

where the variable properties apply to the final soturation conditions for steam at
' equilibrium in the containment volume, and

3specific volume of saturated vapor, ft /lbv =g

internal energy difference by evaporation, 8tu/lbu =

f = internal energy of saturated liquid, 8tu/lbu

T = final saturation temperature, 'F

!

|
!
i
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ENCLOSURE 9

ACNP 66501

By trial and error, the obove equation is solved to obtain the partial pressure of steam
at the final conditions. The solution indicates a steam portial pressure of 43 psto at
T = 272 F .

' 460 + 272 '
PPair " 14 7 = 19 9 SieP540

. .

FINAL PP.hSSURE = PP,,,,, + PP,;, = 62.9 psia or 48.2 psig.

2. Calculation of Assumed Metal-Water Reaction, and Effect on Final
Containment Pressure

(a) The total cladding weight over the active coie length is 4080 lb. The
energy release from the assumed 10 percent of the clodding reacting with water is:

255 Bru/lb x 408 lb = 104,000. Btu

The hydrogen generation is:
:

"'''
0.441 x (408) (454) g of s.s.

g of s.s.

= 81,800 liters

= 2890 ft3 at STP

(b) Correction of the energy balance to account for the additional
104,000 Bru yields the following:

I 9) 6264,160 = (39.54 + 0.104) x 10 - 3345 (Tr - 80) - 66,173(ur)
("fg ) .

.

The solution indicates a steam portial pressure of 43.35 psia.

PPoir = 19 9 sioP

2890 732 = 0.24 ps.PPhydrogen = 14.7 x x iog

FINAL PRESSURE = PP + PP. + PP = 63.5 psio or 48.8 psig.
stea m air hydrogen

!
!

!

~
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ENCLOSURE 10
.

1

RADIATION LEVEL IN TURBINE BUILDING FOR LOCA/HELB IN CONTAINMENT
I

See Figures 1 through 5 for corresponding location of points in
following table.

Location Do,se Rate (mrem /hr) at T = 3 Minutes

1 3.6 x 103
2 5.0 x 101^

3 1.0 x 104
4 2.5 x 103
5 3.3 x 104
6 3.0 x 103
7 1.1 x 104
8 3.4 x 103
9 4.8 x 104

10 2.8 x 104
11 1.1 x 104
12 1.6 x 106
13 2.43 x 107
14 1.61 x 106
15 1.61 x 106
16 1.66 x 206
17 Figure 5
18 Figure 5

10-1
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T1* Radiation levels are the
'i same for the Electrical

Equipment Room (Poin't 18)/ located directly below,

the Control Room.
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'lI.

Figure 5

Cont rol Room Rec eiver tre.it ions
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