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In reply, please
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Director of Nuclear Reactor Regulation

LTTN: NMr, Darrel G. Eisenhut, Director
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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) Draft Interim Technical Evaluation Report on
Equipment Environmental Qualification,
dated 10/13/80.,

(3) DPC Letter, 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,

DAIRYLAND POWER COOPERATIVE
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Frank Linder, General Manager
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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 LA CROSSE)

Personally came before me this K?/ e 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.

Py
f * ' ’/"kf\ [¥

" \ Mo \
Notary Public, La Crosse County,
Wisconsin.

My Commission Expires 2/26/84.
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ENCLOSURE 1

l. 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 differential pressure between the primary
gystem 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 (ltem 2 of Enclosure 2)

This valve {unctions to supply an additional water source to the
high pressure core spray system. As the high prezsure core spray
system is intended as the short term emergency core c.cling
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 changing 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.
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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 (ltem 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.
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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:

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

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

1.6 Isolation of Nonessential Demineralized Water System Loads
in Containment (ltems 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 solernid valves
in this service, replace this valve with one having current
qualification by June 30, 1982.

1.7 1Isolation of Nonessential Higg 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
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.

1-3



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
ln this service, replace this valve with one having current
qualification by June 30, 1982,

l.4 Reactor Building Main Steam Isolation Valve Control Solenoids
(Ttem Il 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
1s accomplished immediately upon a low reactor water level which
would indicate a loss of coolant accident leading to a harsh
environment.

There 1is 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
1A,

1.9 Reactor Cavities Vent Roqg{gi_!glye (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 Containmeng_ﬁg{ig}ng 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).
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DPC has previously provided (Reference 3) a commitment to replace
the seclenoid valves with currently qualified equipment., It
(Reference 3, NRC Question 5) has also described the functioning
of the solenoid valv:s 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 Solenocid 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 offgas vent header. The control valve itself
(Item 28) is a mechanical component, discussed in Reference (3),
and should be removed from this qualification pregram. 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
L

(4) the control valve has a redundant isolation valve outside of
the containment building which performs the same function.
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l.12 Post Accident High Range Radiation Monitor:s (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 Term Lessons
Learned requirement. Installation of these monitors is required
by October 1, 1981 (Reference 4). Complete gualification 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 gualification 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-112 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 1B 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 1B demineralized water
transfer pump has a redundant pump which has switchgear located
outside the containment building. Additionally, the 1B pump
itself is located outside the containment building. No action by
DPC is required on this switchgear, and it should be remcved 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 cable
terminations are exposed to the LOCA atmosphere. The epoxy,
therefore, shculd not be an item on the qualification program.

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

This motor starter controls nne 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
require use of the alternate core spray system (Reference 5),
this is no requirement for this equipment to be qualified.
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1.17 Containment Building Post Accident Pressure and Water Level
Indicator Transmitters (ltems 35-38 of Enclosure 2)

Two containment water level indicators and two containment
pressure indicators are required for pcst accident information
when a LOCA has occurred and containment personnel entry is not
possible. This equipment is not required for steam line break
outeide 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 yualification 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
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 Thermccouples (Item 40 of
Enclosure 2)

We have investigated the Type J iron constantan thermocouples used
at LACBWR and have 2 continuous 304 stainless steel sheath for
their entire length through the containment penetration (see
Enclosure 4). Therefore, 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 ReactHr Containment Building Air Monitor System (Item 41 of
Enclosure 2)

The monitor system functions to indicate gaseous and particulate
levels in the containment ventilation system during operation. It
provides a high radiation closure signal 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 system leak as
detected by the immediate particulate monitor within approximately
1.5 minutes.

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 affected, its failure mode is to isolate containment. Once
isolated, the post accident procedures do not require the reopen-
ing ol 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 LACRWR
remotes the level trunsmitter amplifier out of the hars'
environment.

DPC will review _he qualifications of this eguipment against the
specific vendor test data by April 1, 198l. 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.

1-8
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1.23 High Pressure Core Spray Pump Motors (Item 44 of Enclosure
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
2nvironment. The results of this analysis will be furnished to
the NRC by April 1, 1981l.

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
2 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 ¢lectrical 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 unaffected loops. As this
is not a post accident cooling mode and the steam line would
be isolated, there is no requirement for qualified equipment.
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(5) Any Safety Related Control Station =-The only safety related
control station at LACBWR 1s the reactor control room which
is in a mi.d 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 (lA pump) and the turbine hall (1B pump) to
preclude a single event from affectng system operation. Both
pumps are supplied by an onsite emergency diesel generator in the
event nffsite power is lost.

1.24.4 Effect of Initial Containment Air Temperature on Contain-

ment Pressure After a LOCA

A summary of calculations performed at three different temperature

points is attached as Enclosure 9.

1-10
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ITEM
1
2
3
4
5
6
7
8

9
10

11
12
13
14
15

16
17
18
19
20

21
22
23
24
25

26
27
28
29

50

31
32

33
34

35

36
37
38
39
40

REFERENCE
(2) ITEM

2
3
4
5
. !

ENCLOSURE 2

EQUIPMENT
_ EQUIPMENT DESCRIPTION NO.
ASCO SOLENOID WPX 8315B3 53-25-005
ASCO SOLENOID HV-2023014RG 53-25-006
ACSO SOLENOID HV=2029244RG 69-25-002
ASCO SOLENOID 8300B9RF 55-25=014
ASCO SOLENIOD 8300B9RF 62-25-006
ASCO SOLENOID 8300B9RF 62-25-009
ASCO SOLENOID 8300B9RF 67-25-002
ASCO SOLENOID 8300B9RF 67-25-003
ASCO SOLENOID 8300B9F 72-25-003
ASCO SOLENOID 8300B9F 75-25-004
ASCO SOLENOID X-8344 61-22-005
ASCO SOLENOID 8300B9RF 55-25-011
BSsB 4" 3-WAY CONTROL VALVE 55-25-001
ASCO SOLENOID LM831612 73-25-003
ASCO SOLENOID LM831612 75-25-004
BARKSDALE SOLENOID 178350AC2Al 73-25-016
BARKSDALE SOLENOID 178350AC2Al 73-25-017
ASCO SOLENOID LM831612 73-25-007
ASCO SOLENOID LM831612 73-25-008
BARKSDALE SOLENOID 178350AC2Al 73-25-018
BARKSDALE SOLENOID 178350AC2Al 73-25-019
20" SUPPLY VALVE 73-25-001
20" SUPPLY VALVE 73-25-002
20" EXHAUST VALVE 73-25-005
20" EXHAUST VALVE 73-25-006
ASCO SOLENOID 8300B9RF 55-25-013
ASCO SOLENOID 8300B9RF 55-25-022
4" BS&B VALVE 55-25-003
HIGH RANGE RADIATION MONITOR
GENERAL ATOMIC MODEL RD-23 PLANNED
HIGH RANGE RADIATION MONITOR
GENERAL ATOMIC MODEL RD-23 PLANNED
BUCHANAN TERMINAL BLOCKS
NQB-112 AND NQB-106
ALLIS-CHALMERS SWITCHGEAR RX BLDG.

MCC-1A

MINERAL INSULATED CABLE EPOXY
MOTOR STARTER CUTLER HAMMER, FOR
MODEL NO. K646676A 38-30-002
FOXBORO PRESSURE TRANSMITTER 37-45-307
FOXBORO PRESSURE TRANSMITTER 37-35-302
FOXBORO LEVEL TRANSMITTER 37-42-302
FOXBORO LEVEL TRANSMITTER 37-42-310

SEALANT FOR NAMCO LIMIT SWITCHES
CONTAINMENT BUILDING THERMOCOUPLES
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ENCLOSURE 2

REFERENCE EQUEPMENY'
ITEM  (2) ITEM EQUIPMENT DESCRIPTION NO.
4l 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
1B 1B HIGH PRESDSURE CORE SPRAY PUMP
MOTOR 53-06-002
NR = NOT REFERENCED.
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1. INTROOUCTIOH

This accument presents an outline of a qualificarion test progras
for terainal and fuse blocks submitted by the Control Products Division
of Azcrace Corperation., The rationale for the prograa outlined herein
is provided as a supplement to this docuszant. Further detail cn the
planncd tests and tast methods will be availeble in a procedural docuszent

entitlced Test Checklise, Thne checkldist, which will contain instructions

to experienced FRC test persounnel, 45 primarily {nteuded to assure that
all elezents of the lest program are perlormed and necessary data are
obtained,

.

2. OBJECTIVE OF THE TEST PROGRAM

»
The primary objective of the test program is to demonstrate that the
specizens are quslified for out-of-containzent use accordiag to the require~
ments of Comtrol Products and their cliemt(s). :

A secondary objective is to extend the demenstration to include inside-
contaiument use for a typical sizmulatel-LOCA exposure (also deseribed as a

stean/chenical-spray axposure).

3. DESCRIPTION OF TEST SPECIMEMS

The test specizens will comsist of cne-piece multi-terminal blocks,
individual modular terminal blocks and fuse blocks which are mounred
onto retaining rails. The spccimens include terminals of the flat-strap
type vhich accept conductors terminated in spade or ring lugs; and terminals
of the tubular type which accept bare, non—tcrainatﬁd conductors. The
specizens are identified in the attached Table 1.

3=-2
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Table 1. Description and !dentification
of Test Specimens

TYeE | EXTENS 10N ]
. SPECIMEN CONTACT CATALOS WIRE SIZE MOLOING
NO. DESCRIPTION (Note a)| NO. (AWG) CCMPCUND !
= TPy S == e
€5143.4 6-c1rc?i: gne-picce Strep [ €16322-3 12 Qurez o [
| °} -0 block (3 assy's) i Grade |
. - L (0aeroe) Phenolic
-0 12-c1r%uit gne-piece Strap, ! 6163822-6 12
-E block (3 assy's)
-F !(Nab\\i)
i -G €-circuit oncepiece Tudbe later 12
-? block (3 assy's)
' -J 12-circuit one-piece Tube { later 12
«K block (2 assy's)
| X 1
! L
=il Assemdlies corsisting Revchhold
N of: Grade 25357
-0 _ 0 Medium duty block Strap 616835 12 Phenalic
i o lMedium duty bdlock Tube 616840 ‘
o Heavy duty bleck Strap 616336
¢ Heavy duty block Tube 616339
i plus end sections and '
i mounting rail ¢
-P Assemblies consisting ! :
-Q of: l
i o Fuse block Strap | 616837 12
e Fuse block Tube i later
e Fuse block w/puller Strap 616818
o Fuse block w/puller Tube later
plus end section and
| i mounting rail,(Note b) 4
|

g 17 total specimens: & 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,

|
|
|
1
|
|
|
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Group Specimen Description of
No. Nos. Specimen Enclosure Purpose of Group
1 A, D, G, J, REMA 4, with EPDM gasket, Primary greup for
M and P 20 in x 20 in x 6 in complete test pro-
(Moffman Co.) gram
2 8, E, H, K, NEMA 4, same as above Secondary group for
Nand Q spare specimens and
back up usage.
3 C.F, I, L . Mo evclesypre, .ﬁ'u\rcs
and 0 .
(No fuse block

in this group)
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lumwes to be connected to ETred-typC terminals will be terminated with crimped-on
lugs; fastening screws will be tightened to values of torque selected by
the client. The bare, stranded-wire ends of the other extension wires
will be clamped in the fudular terminals with serew torques selested b-
the clleat.

The extension wires betwcen alternatc ter—=inals will be coonected in
scries as short jumper wires as illustrated {n Figure 1.

Enclosures 1 aad 2 will have gasketed covers and any venting of the
interior will occur through air passages around the exzension wires
which exit the bottes of the eaclosure throush a plastic-lined (probabdly
PVC) l-in steel box-comnector designed for non-zocrallic sheathed
cables.* There will alsc be a 0.25=4{n-dia= drzin hole in the bottom of the

enclesures.*

Because of the need to comduct separata thermal aping programs for
Durez and Reichhold molding compounds (sce Table 1 2nd Section 5.4),
the assembly and zounting of the specimens will te gcnducted inm phases as
diccussed {n Section 5.

— e —

*See rationale which supplements this program outline.
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5. TEST SEQUENCE AND FLOW

The test sequence which vill be followed in this prograz is listed

below; the elements are described {n the fcllowing pages of this outline.
1. Twsulition) Fesutarnce measveemenTs (1'13).
2. Thermal agivs

3. Assemble awsd Torgue

4. ﬁf/uc 7esr (r7r)

Cowtact Acsistawte 7est &7

v
-

é. Radiaticn aging
9. Repeat of CRT ané IR mcasurcments o
| #- Vidbratien aging (VA)
§. Repeat of CRT and IR neasurezents
0. Seismic test »
2. Repeat of CRT and IR zcasurements

High pofeufu-/ Withsrawd TesT
13 Steam/chemicale-spray test
t¢ Repeat of °  CRT and IR peasurezzats
' /5. High potential withstand test

Special
"7'. &u"uuntien test

The flow of the test progranm considers the fest sequénce above,
progran objectives (Sectiom 2.0) and mounting arrangements for testing of
the specimens (Section 3.0). The program flcw is described in Figure 2.

3-8
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6. TESTS AND TEST KETHODS

6.1 TCRQUE TEST (TT)°

After asse=bly of the specizans, the screws will be retightened with
values of torque specified by Control Products to verify that r:laxatien
of the screws had vot occurred during the previous handling of the speciczens.
Any evidence of relaxation will be moted and recorded. This test will be
repeated at various tizes durizg the progran as noted 4n Seztiea 3.

6.2 CONTACT RESISTANCE TEST (caT)™

Croups of specizens will be electrically conmected in series and a dc
test current of 2.5 A will be passed through the series circuit. With
the 2.5 A current passiag through the circuiz, the voltage drep will be
measured across each contact point: bertween a wire conductor and a tubular
cla=p or between wire-terminating lugs and the conducting strip on the *
terminal block. The measurements will be made at various times throughout
the progfan; and any significant voltage drop across a ceatact will be
converted to contact resictance by caleculatioa (i.e., R = E/2.5).

6.3 INSULATION RESISTANCE MEASUREMENT *

The insulation resistance (IR) of the specizens will be measured
uvtilizing the extonsion wires connected as shown in Figure 1. The IR will
be measuied first between the odd-numbered terminals connected together
(e.g., terminals A-1 and A-3) and the even-numbered terminals connected
together and to the mounting rail (if preseat) and the ground potential.

*Note that WMM W 77 and CLT
Aan il dg&lZ\» }a‘lﬂﬂwﬂdhlp¢l1rﬁﬂﬁ’— /7 c£41pc~44.' 2.

_— poa—
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Then the IR will be measured between the even-nuzbered terzinals (e.g.,
terninals A-2 and A=4, etc.) and the odd-nuzbered terminals connected to
the mountiag rail (if present) and the ground potential. The IR test
potential will be 500 Vde, held for a minizum of 15 secoads.

The IR measurements will be mude at variius times throughout the
progran. In the cvent of anomalous measurements, the IR of specific
terainals ¢ca be ceasured except during the stcam/che:iéal spray exposure
vhen physical access to tes: specimans is not possible uanless each ter=inal

ic connccted by separate extension wires to the outside of the test vessel.

6.4 THERMAL AGING

The ascemblies will be placed {a a forced-air-circulaticon oven at the
texperatures and for the tircas 1iszed below:

Specinens Thermal Aging Cenditions
A. Terai=nal blocks cf 199 % (3.3 d) >
Peichhold Che=icals @ 121°C (250°F)

Grade 25357 phenolic
zolding co=pound.
Also, lengths of ex-
tensicn wire which
will be used later
wvith Durez specimens.

B. Terminal blocks of 950 b (39.6 d)
Durez (Hooker Chemicals @ 165°C (329°F)
and Plastics, Iac.)

Crade 152 phenolic
molding cempound.

After thermal aging, the unmounted specimens of Durez (except Group 3)
wvill be assecbled with wires thermally aged at the lower temperature of 121°C
ani fastened into enclosures 1 and 2 along with the Reichhold specimens.®

*Sce Figure 2 and the rationale which supplements the program outline.
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6.5 REPIAT OF TT, CRT AND !R MCASUREMENTS

After thermal aging, and cther eavironzents diseussed hereafter, the
asserblies will be subjected to diagnostic tests consisting of terque tests
(TT), ceutact resistance tests (CRI), and insulatioa resistance (IR)

peasurensnts.

6.6 CGAMMA PADIATION EXPOSURE

The zssexmblies will be exposed to a 200-M:d, air-equivalent dose of
gar=a radiation frem a cobalt-60 source at a rate not to exceed 1.0 Mxd/h
(An average rate of 0.6 to 0.0 Mxd/h 45 asticipated.)

6.7 RCPZAT OF T7, CRT AND IR MEASUREMENTS

The asse=blies will be subjestcd to TT, CaT.and IR meascurecants.

6.8 VICRATION AGING TESTS

Group 1 specimens i3 enclosurs 1 will be firmly sounted to a stiff "

test fixture in a manner representative of inscallatien ia a generating
station (e.3., a vnistrut imterface between the cuclosure and the test
fixture). The test fixture, 4in turz, will be mounted to a vibration test
facility table with the face of the table parzllel to the floor. (The
enclosure will be vertical as deseribed in Section 4 and 111ustratea in
Figure 3.)

The enclosure with specirens will be vibrated (in sequence) along
three orthogonal axes, one of which shall be vertical. The enclosure will
be vibrated from J to 60 Hz in 0.5-octave iatcrvals at the amplitudes
shown in Table 2. At each frequency the vibration will be maintained for
15 minutes. |

During the vibration aging, the extension wires a~d teruinal blocks
vill be connected in series with an electrical cirecuit carrying 0.25 A
(ac or dec) and including a strip chart recorder to monitor circuit integrity.

3-12
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Figure 3. Schematic of Vibration/Seismic Test Fixture
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Table 2. Vibration Aging Lavels

Vibraticen ﬁcmina1 homxnan Table
Frequency  Acceleration .~lcn
(1Hz2) (a) {in. d.2.)*
3.0 0.03 0.0692
4.2 0.C5 0.060
€.0 0. 2.050
8.5 0.22 0.050
12.0 0.44 0.C50
17.0 0.53 0.040
24.0 1.18 . 0.040
33.9 1.18 0.020
£8.0 0.71 0.006
€0.0 0.7% 0.004

*d.a. - double amplitude or pozk-to-pe2k
motion

NOTES: 1. Dwell for 15 minutes at each frequency.

2. Repeat vibration in each ortho;cna1 axis; total timz for
each axis = 3 x 15 = 45 minutes; total time at all fre-
quencics = 10 frequencies x 45 minutes/frequency = 450
minutes (7.5 hours).

3. Tolerances of acceleration levels will be approximately
: 20% of the nominal value.

3-14
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6.9 REFLAT OF CRT ARD I2 MEASURCMENTS

The assemblics will be subjected %o CRT and IR =easurezents.
6.10 SEISMIC TESTS

6.10.1 Fragility Testing

6.10.1.a Mounzinz and Otgicataticn

Croup 3 specizens will be mounted ia on enclosure (Sce Table 1 and
Figure 2) and will be bolted firaly to a stiif test fix:ture as deserided
ia Secticn 6.8 above except that the dirceticn of actuator thrust to the
table will be at an azgle of 45° above the horizental plzne. The four
cardinal horizcntal azes of the sclesure will be Zdensified as +X, +Y,
=X and ~Y as showva in Figure 4. The first ozicararicn of the enclosure
vill be with the horizsatal compeaent cf :utio:'parallcl to the shortest
dizension of the emclosura.

>
6.10.1.5 Caneral Mothod and Toet lLevels

1) With the enclosure in the in{zial orientaticn described ia Section
6.10.1.a, the specizans will be subjected to sultifrequency vibratienm
of 20-second duration over the frequency rzage of 1 to 40 Hz. The
acplitude of vidratica for this first tost will be adjusted until the
input of the facility table attains a level approximately equal to

50 percent of the maximum facility capabilicy as depicted ia Figure 5.
The response of the tabdle will be analyzed a2t one-third octave levels
and 5, 2.5 and 1 percent dasmping. (The analysis can be accomplished
without repeating the actual vidration.)

After the above vibration exposure, the specimens will be examined
(vhile mounted in the eneclosure) for absence of mechanical failures
such as obvious loosening of block fasteners, broken barriers, etc.

2) With the enclosure in the same oricntation, the procedures of
paragraph 1) above will be repeated at levels of 75 perceat, and
then 100 percent of the maxdimum facility capability, or until spec-
izen failure occurs,

3-15
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OF SPECIMEN ENCLOSURE.
COVER FACES +X CIRECTION

l‘\l PHANTOM OUTLING

TEST FIXTURE
FOR SUPPORTING
ENCLOSURE

b

TYPICAL POSITIONS OF
TEST SPECIMENS

+Y

-y ‘\\:izé;zé____.

>

TEST TABLE

s

The X,Y and Z axes are
ixed relative tc the test
seilisy, wizh the agtuator
a the X,2 plane, as shown.

The orientation of the
pecirmen enclosure is iadi-
ited by a vector outward
rem, and perpendicular to,
ae front face of the encloe-
ire cover. %

This figure shows the
pecimen oriented in the
X direction.

HORIZONTAL COMPONENT
IN X-Z PLANE

Fioure 4, Seismic

i

TABLE THRUST VECTOR

\
+ X

A

' \VERTICAL COMPONENT

IN X-Z PLANE

and Vidbration Axes Related to

Specimen Orientation and Thrust Vector
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J) The enclesure (with tect fixture) will be rotated 90 degrees about
fts vertical ais so that the horizontal coazporeat will be directed

.along another cardinal direction oi thc enclosure. The procedures of

6.10.
6.10.

paragraphs 1) and 2) will be repeated.

L) The procedure of paragraph 3) will de rvepeated until the enclosure

ic subject to fragilizy testing 4in all four cardinal directions.
5) The maxizus test level at which the specicans did not fail will

become the basis for a Safe Shut dewn Farshquaie (SSE) test level to
be used durinug subsequent saisnic testiag with group 1 specimens,

2 SSE and C3E Testing
2.5 Genersl Mathed and Test lLevels

1) Creoup specircens in enclosure 1 will be counted ian the same manner

as degcribed in Secticn €.10.1 above. The specizens will be subjected
to wultifrequency vibratica of 30-sccond duraticn over the frequency
raoge 0 1 2o 4C Hz., The amplitude of vidration fer the fizst test will
be adjusted in cme=-third octave intarvals vatil the respoase spectrun

at the i{nteriace betweeu tie test fixture and the enclosura, analyzed

at 5 percext dczping, attains a leval appreoxizately equal to two-thirds
of the SSZ lcvel determired ia Seetion 0.10.1 abova. 7This two-thirds
SSE level will ba considered tha Operating Basis Earthquake (OBE) level.

The response spectruz at the fixture-to-enclosure inteczface will
aleso be analyzed at 1 and 2.5 percent dasping.

During the seismic testing, circult integrity will be amcnitored
as descridbed ic Sectien 6.8.

The eriteria for successful perforz=ance will be continued circuit
{ntegrity and absence of sigatficant mechanical failures (see Section
6.10.1.b).

2) With the enclosure in the same orientation, the procedures of

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

subjected to a total of five 30-s vibrations at the OBE level plus one | °

30-s vibration at the established SSE level. All test response spectra

at the enclosure mounting poiat will be analyzed at 1, 2.5 and 5 percent

damping. )

3) The enclosure (vith test fixture) will be rotated 90 degrees about

its vertical axds so that it s oriented along _aother cardinal direction -
as defined {n Figure 4. The procedures of paragraph 1) and 2) will

be repeated.

- -
R % o
s TR, -
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4) The procedure of paragrash 1) will be repeated varil the specizen
is subjected to five OLE anu eme SSE vilraticn in each of the four
cardinal directicns (L.e., +X, +7, =X :ad =¥ 4a Figuze 4).

6.10.3 Excitation Control

The level of selsmic evcitation will be eontrolled by the response of
an accelercmeter mounted oa the tess fixturc and aligned in the direction
of the table input zoticn (see Figuras 3 aud 4).

» i RS S FeTEUTIAL  WTHSTRLS TGeT
6.11 REPEAT CF CRT AND IR MEASUREMENTS Awa Hier  FeTeww '

- - .

The ascezblies will be suhjccted to TT, €27 2zd IX measuremants,

6.12 STEAM/CHEMICAL-SPRAY (SIMULATED-LOCA) TE5T

Croup 1 specizuins in their enclosure will Ee zcunted in a test vessel
for stean/chemiczl-spray exposure. The ertension wires will be routad cut
of the vescel through epcsy-potted pressure-cealisg pecetratinns.* The
specizons will te comneeted imte a 240 Vac/24 circuit as chewn ia Figure,1l.
A 25~/ current load will be supplied through the terminals. A spray nozzle
will be pesitioned 4in the vessel to £pray the top of the enclosg:e.

The specizens, while elecsrically leoaded, will be subjected to a

i-day stean/cheaicalespray expesure im accordance with the profile i{n
Figure €.

The chemical spray will consist of a solution containing 3000 ppo
boron as boric acid and 0.064 molar sodium thiosulfate, bufiered with
sodiun hydroxide to a pH of 10.5 at room temperature.

4

*Detailed descripcion of the enclosures, the mounting of the specimens
and the method of cable entry into the enclosure will be available to
the client as part of the Test Check List, See Section 1.0.
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The chemical solution will be sprayed at a rate of 0.15 gpa per
square fcot over a horizental area at the top of the Wi\ enclosure. Some
spray vill also icpinge on the cover of the enclosure. Fresh spray solu-
tion will be used for the firct thrce houvrs (uwinimun) of each dwell at 346°F.

Thercalter, the spray soluticn will be recirculated from the pool of spray
soluticn and steax condensate that collects at the totiém of the chacber.

1 -
The pll will be menitored daily and, Lf nccessary, fresh spray solution will

be added to restora: the required pH valuc.

The values of potential a=d4 current {n the emergizing eircuiss will 3
be ronitcred periciically and szecorded. If tha vzlues of petantial and }
current drift away from the specificd values, they will be adiusted to

the required levels. If asy specimen falls, tha encrpgisziag ci

be disconnected frem the specinen. 7The IR of :h; specioens will be cmeasured
at the tizes indicated in Figure &

6.13 REPZIAT CF IR MEASUREMENTS

After removal of the :pec;:ans fron the test vesszl, they will be

sudbjected to IR measurezents.

6.1¢ FINAL HIGH-POTENTIAL-WITHSTAND TEST

A potential of 2.2 kVac will be applied to 2ach specimen with the
adjacent terminals and the mounting rail at ground potential. At the
end of 1.0 min, the leakage/charging current will be measured.

3=21
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6.4 STECIAL TCHUJE TEST

‘All wounting cad termdnal serews will La checked for relaraticen
ThTough a torque rest, A torgque screwdriver will Le set to a value of
0.9 ive (3.0 15-{u) below the values wsed in scctdieon 5.1. ALl the appli-
cable scrows will Se tested fo- movement at the redused torque values

The screws will be rechecked at {ncreseats of 0.23 Nem (2 lbein) until
eovement is vigually detectod or the {nitial! valua of Sectican 5.1 s
attained, whicherar 43 lesc. Thc result; will be documented.

[MOTZ: Tue primary cbjective of the test prograz

(sec Section 2) will have been met at this poiat

4f the specizens have performid satisfactorily.

The rerainiag portionz cf the test progran are
for meeting tha seconda:y cb:ec:iv:.]

6.16 FINAL WIRE RITINTION TEST ’
This test is cpplizable ouly ti termizal blecks utilizing tuwdular
wire elz=ps. The extension wircs will de gripped iz a pasmer illustrated

in Figure 7 and pulled until a tensien force ot'70 1 4s actained. The
70 1b force will be maiatained for 1.0 minute mfaizus.

ENCLOSURE
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TO UPPER WIRE
CLAM? QR CGRIP*

INSULATED WIRE ==

\\\\\;:F“b'
/,'- TERMINAL BLOCK

-/

4

////,—— TUBULAR CLAMP

E

EARE CONDUCTOR

S

- =

E T0 LOWER WIRE
GRIP OR CLAMP®

4

#70 LB TENSILE FORCZ WILL BE APPLIED 8Y A TEST MACHINE OR FIXTURE.

Figure 7. iSchematic of Uire Retention Test
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7.0 FINAL REPOXT

At the conclusicn of the test program, a finzl report will Le prepared,

docuzcuciag the tests perforiad an. the reaults obtained.

Susrarized data will be Incorporatad into the £inal rcport and a
eupy ¢l orizinal data including dJata sheets, logs :.d plots of vibration
spectri will be provided 2o Cootrol Products. The original data gheets,
logs and stripeghort records will be malintoined 48 FRC files for five

years.
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CUStom ENCLOSURE 4
Thermocouples

thermocouple application data

Contamwmert Lol ﬂeMacoa/:/n,

J oG~ It ~00-20~/

It your thermocouples are not in our
Miniature or Industrial Thermocouple
catalogs, you can order them here!
Thermo's custom CERAMOCOUPLE
is built from our well known CERAMO
thermocouple wire. CERAMO
thermocouple comganents and
finished custom thermocouple
assemblies are all made in our
factories with rigid quality control
checks at every production stage
This, plus Thermo's know-how
accumulated during more than three
decades of thermocouple
manufacturing experience means a
Custom CERAMOCOUPLE that mee's
the highest standard of thermocouple
Quality,

The cutaway photographs show a
CERAMO nucleus; the caretully
selected, matched, calibrated pair of
thermocouple wires. These wires are
accurately positioned in compacted
ceramic insulation and surrounded by
a tight fitting, protective metal sheath.
The electrical and physical properties
of CERAMO make it the most versatile
rugged, and dependable thermocoupl
configuration available today.

* THERMO ELECTRI

Saddle Brook, New Jersey (7662
Brampton, Ontario LEW 3J2

4-1 Leiden, Box 515, The Netherlands
© 1975 Thermo Electric Co., Inc.
Printed USA, Section 6 ct, Edition 2
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CERAMOCOUPLE “plus" Thermo Elc stiic provides a superior thermocouple by taking every precaution /

against componert failure. Why gamble your product or your process ong
Benefits thermocouples that don't have this built in TE quality?

#® Easily Formed Although basically nigid, CERAMO can be formed to fit installations
where straight thermocouples cannot be used. It can be formed on a radius as
small as its own oulside diameter, yet retain its form after being bent,

» Small Size CERAMO fits openings too small for conventional thermocouples.
Cutside diameters start at 1/25 of an inch.

@ Durability In many applicatiorns a CERAMOCOUPLE can operate without a
protection tube. They have withstood 50,000 psi external Erggsg’,% under controlled
conditions, and are used as standard temperature sen such harsh
environments as jet and rocket engine exhausts.

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

® Long Life Life span is increased up to 135 times. In & typical chemical industry
application 1 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
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 materials, CERAMO will
operate satisfactorily at 4000 F; as low as minus 450°F.

@ Corrosion Resistance CERAMO has excellent resistance to moisture, chemicals,
petrdleum products, nuclear radiation and abrasion, depending on the sheath
material selected. The sheath also offers excellent electrostatic interference
shielding for sensitive thermocouple circuits. L4

® Azcuracy CERAMO conforms to ISA and ASA Cimits of Error,

@ Applications The above characteristics plus the versatility of CERAMO have made
it an unbeatable 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 J

properties neceisiiy to do the job in an economical and efficient manner.



1. Calibration

ENCLOSURE 4

calibration of thermocouple
wires

sample ordering code _\!
1

Ordering Code Digit 1: Select the calibraticn 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 ¢ xposed measuring junction.

Commonly Used Thermocouples
Ordering Temperature Sensitivity (average Limits of Error Conductor Identification
Symbol Range °F change per “F in V) Standard Special* Pos. (+) Neg. (—)
_.J 32to 530 30 *4F =2°F°
530 tc 1400 32 +3/4% =3/8%"° magnetic nonmagnetic
T ~300t0 7§ 14 =1%" copper color
-150to 75 17 *2% =1%"° nonmagnetic  nonmagnetic
~75 10 4200 22 =1%2°F =3/4°F*
200t0 700 3¢ +3/4% ~3/8%"
K 32t 530 23 *4 F 23 -
£30to 2300 22 +3/4% +3/8%"° nenmagnetic  magnetic
E 3210 600 39 =3 °F =21/4°F* silver color
600to 1600 44 =1/2% +3/8%" nonmagnetic  nonmagnetic
SR 32to 1000 5 +25°P° softer than
100010 2700 7 +1/4%" positive
conductor

Limits of error per ASA C96.2
Percentages refer to the temperature being measured
*To specity special limits of error, use a double calibration symbol, e.g.: JJ.

Type J, Iron (+)-Constantan (), is the most commonly used caiibration,

It 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 tempcratures the iron wire may rust or become brittle.

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 generally used to measc-e high temperature
to 2300°F. It shculd not be used for accurate temperature meazurements below
900°F after prolonged exposure above 1400°F, If unprotecte it can be used only
in inert or oxidizing atmospheres. It has a short life in alterrately oxidizing and
reducing atmospheres, and in reducing atmospheres, particutarly in the 1500 to
1850°F range.

Type E, Chromel* {+)-Constantan (—) has the highest emf output of any -~
standardized metallic thermocouple. If used unprotected, tyne 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 wida temperature range

with a single calibration curve, type E thermocouples are preferred for computer
applications.
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2. Qutside Diameter

| outside diameter

IR, SR N P —

T .
LINCLOSURE

&

conductor size

rr.mvnum._ﬁ
insulation 1
thickness

sheath ———/ CERAMOCOQUPLE
thirkness Cross Section

-

]

)

sample ordering code J 14

1

2

Ordering Code Digit 2: Select a thermocouple diameter considering tabular
information oelow. Larger sizes generally yield longest life and gr-ater strength;
smaller sizes have faster response

Conductor Size  Minimum Minimum

Insulation Sheath Max.
Nominal MinimumThickness Thickness Lengih
(AWG) (inches) (inches) (inches) (teet)

Ordering Table
! Nominal oD
Ordering OD Tolerance
Symbol (inches) t -
125 1/25 (.040) .001% .001
JRpR— 1/16 (.0625) 0015 .001
332 3/32 (.094) .002 .002
18 1/8 (.125) .0015 .001
e 3/16 (.1875) .0015 .001
14 174 (.250) .002 .002
£16 5/16 (.3125) .003 .002
38 3/8 (.375) 003 .002
716 7/16 (.4375).005 .005

36 005 004 .006 €0
30 010 005 009 120
26 015 006 010 100
24 020 012 012 120
20 o 022 020 S0
18 040 025 Dz8 50
15 057 030 037 aj
14 064 035 045 36
12 Q77 .040 050 28

These sites for two wire construction only. For duplex and other special
constructions refer to Saddie Brook.

Custom Thermocouples 4-4



ENCLOSUKRE 4

N
Suggesied Upper Temperature Limits
for Protected CERAMOCOUPLE
Suggested Upper Limit for CERAMOCOUPLE 0D of:
Calibration 1/25- 116" 1/8° 3/16" 174" 5/16” 7/16”
— 900°F _m%_;_ 1000°F  1200°F  1200°F  1200°F  1200°F
T 300°F 400 400°F 700°F 700°F 700°F 700°F
K 1400°F 1800°F 1800°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+ . are ;he maximum service temperatures at which
a thermocouple will yield 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 lite
will not be obtained at the suggested upper limit.
Typical Response Time Data
.~  for Standard CERAMOCOUPLE
W Thermocouple Type of Typical
0D (inches) Me=zsuring Junction Responsa
(seconds)
1/25 grounded 0.07
1725 insulated 0.11
—p 1/ 16 grounded 0.09
1716 insulated Q28
1/8 grounded 034
1/8 insulated 16
3/16 grounded 0.7
3/16 insulated 26
1/4 grounded 17
1/4 insulated 45
1/4 exposed loop 0.09
Values listed are the averace of several CERAMOCOUPLE elements checked in
each category. They show the time required to indicate 62.2% of a temperature
change. The tests were performed during a step change from room temperature
to boiling water.
"~ ' ) T
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3. Measuring Junction

Fin's
oo -

~

N measuring junction

sample ordering code

J 14 G

1 2 3

Ordering Code Digit 3:

Each of the junctions described offers different perlormance characteristics. The
closed grounded junction is considered standard because it is generaily the mos!
suitable type, combining fast response with complete environmental protection of
the thermoelements.

2 come . 2 D 3

approaches that of an exposed loop thermocouple, and in addition, the junction
conductors are completely protected from harsh environmental cenditions. Small
diameter thermocouples with grounded junctions may be selected to match or
better the response time of larger exposed 1Lop thermocouples. The operational
lite and upper temperature limit of the junction will be extended due to the
protection offered by the CERAMO sheath The radiograph shown is a production
run CERAMOCQUPLE.

Ordering Symbol U Insulated Measuring Junction

In this construction, the thermocouple conduclors are welded together to form 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
junction thermocoup'e of the same outside diameter. In insulated junction
thermocouples, however, conductors are electrically insulated from the sheath:

a feature advantageous in applications where thermocouples are used in
conductive solutions, or when used for differential, averaging {parallel) or additive
(series) applications or wherever isolation of the measuring circuitry is required.

Ordering Symbol E Exposed Loop Measuring Junction

The exposed loop junction otfers a faster thermal response time than the other
junctions described here, while the CERAMO sheath material protects the
remainder of the thermocouple length. This type junction is limited to mild
environmental conditions or one time usage under more severe conditions, Care
must be taken not to allow the exposed insulation to become contaminated with
conductive substances. especially moisture. For low temperature applications,

the insulation may be sealed with one of many available sealing compounds. In
most applications the disadvantages of the exposed loop junction can be overcome
and response time preserved by using a smaller diameter grounded junction, or

with a “Coax" or reduced diameter tip construction.
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sheath Material ENCLOSURE 4
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Careful selection of sheath materia! with consideration for the application b
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 frec of grain boundry carbides (A), with the same sheath
material having detrimental carbide precipitation (B), and heavy outside diameter
surface attack (C).

sheath material

—
/

£

( ’

sample ordering code el il

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 cheriical and physical composition is used. CERAMO is bright annealad

to remove contaminants, and meets ASTM specifications where appliceble. q

S
|
~3
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ENCLOSURE 4

Material

Maximum Temp.
{cont. service, air)

Melting
Range

Application
Notes

-;.stainless 1650°F 2550-2650°F The general purpose austenitic stainless steel. Subject
: 1 steel 304 to carbide precipitation in the 900 to 1600°F range.
' Corrosion resistant in the ami.ealed condition, Not
) affected by sterilizing solutions, foodstufts, most
9 dyestutfs, organic chemicals and many inorganic
1 chemicals.
i stainless 2100°F 2550-2650°F Very high elevated temperature strength and scale
{ steel 310 resistance. Superior to 304 in many high temperature
applications. Good resistance to carburizing and
4 reducing environments, Subject to carbide precipitation
i in the 900 to 1600°F range.
| stainless 1650°F 2500-2550°F Higher corrosion resistance than Type 304, High creep
., steel 316 strength, Withstands sulphuric acid compounds, resists
y tendency to pit in phosphoric and acetic acids.
| Subject to carbide precipitation in the 800-1500° range.
i stainless 1600°F 2550-2600°F Columbium stablized grade intended to prevent harmful
. steel 347 precipitation of chromium carbides and the resulting
i susceptibility to intergranular corrosion . For corrosion
1 conditions and intermittent heating and cooling
4 applications between 800°F and 1500°F,
Inconhel*® 2100°F 2500-2600°F Cood in severely co”-asive environments at elevated
600 temperatures. High » ~-strength and resistance to
SAIN | progressive oxidation and fatigue. Nonmagnetic. Use
Lo i in sulfur free atmosphere.
p— T
XY Hastelloy' X 2200°F 2350°F Alloy, principally nickel, chromium iron and
RN molybdenum.
P10R | l platinum 2500°F 3370°F approx.  Addition of rhodium increases service temperature,
Y.L .4 10% rhodium strength and corrosion resistance.
TA { tantalum not recommended 5425°F Useful to 4000°F in inert gas environments or in a
E SIS vacuum.

Other materials that can be made into tubing can be used for sheath material.
*Trademark, International Nickel Co., Inc.
tTrademark, Union Carbide Corp.
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Options

Thermocouple
Installation Practices

NC LOSUR R
Special Tests

In addition to our standard qual ly control tests and inspections, we can perform
ing certify the following

1 Mass spectrometer helium leak: tests sheath inte grity

Py Liquid penetrant test: detects surface flaws in probe sheath

3 Radiographic inspection determines precise condition of conductors at

measunng junction angle of twist, puck integnty, welding penatration
Metallurgical examination: determines grain size of shea'h

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 calibrationr is also available for thermocouples at the
following temperatu-es: 449.384,621.32.787.1, 12200, 1761.4 and 1981 94. All
teruperatures are degrees Fahrenheit. When requesting calibration, specily
the immersion length you plan to use in your application

Insulation

The standard CERAMOCOUPLEWmmw.
The MgO used in CERAMO is of the highest purity commercially available. Boron
content is low for nuclear applications. it maintains high electrical resistivity to
lemperatures in excess of the temperature limits of the sheath and wires. Forming
CERAMO to a radius equal 10 its outside diameter will not affect the insulating
qualities. If another insulation is required, consult our Saddie Brook office.

Commonly Used Mineral Insulations

Material Formula Melting  Max. Limit -

Point °F in Oxidizing
Atmosphere F

Magnesd 5000 4350
Alumina y 3700 3550

The thermocouple tip should be located in a position where the mass velocity
is high to assure good heat transfer. However. if the velocity is in excess of
300 ft/sec measuring errors could result from frictional heating (contact
Thermo Electric for ivformation on stagnation thermocouples).

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

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

Itis generalily advisable to extend the thermocouple beyond the outer surface
Us g processing equipment to prevent heat damage to the transition and
eliminalte calibration error

The latier is especially important with type R and S thermocouples using
copper alloy 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 appiications. Other
thermocouple extension wires, in general, are not calibrated beyona 400°F
and ac~ordingly, 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 following catalogs, available
upon request

Thermocouple Connectors

Connector Panels

Thermocouple and Extension Wires

Selector Switches for thermocouples

Thermocouple Terminal Boxes and terminal blocks

¢




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 tne penetration assembly, and to material
property differences.

Reference (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 differential 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 differential 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
diffusivity than stainless steel (X/Cp - 4,42 square feet/hour for
pure copper, approximately 1l.14 square feet/hour for brass vs.
approximately 0.15 square feet/hour for type 304 SS). The magni-
tude cf 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 means that as the pene-
tration assembly heats up following the sudden application of the
high ambient temperature (277°F 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 0.D. of the
threaded portion of the fitting).

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 redu~tion
occurs quite gradually, so that all parts of the penetration
assembly will be in thermal equilibrium with the containment
atmosphere. No differential thermal strain will result from this
situation.

Conclusion: For that time period in which the containment

it i ambient temperature changes rapidly, the induced
thermal stresses in the penetration assembly act in
a direction to provide greater sealing force and
greater leak-tightness. Post-LOCA containment cool-
down rates are not great enough to produce the
reverse effect after peak containment temperature has
been reached.




ENCLOSURE 6

#EACTOR VESSEL SAFETY SYSTEM WATER LEVEL TRANSMITTERS

MODEL

Water Level
Water Level
Water Level

CASE

Water Level
Water Level
Water Level
CURRENT
Water Level
AMP

Water Level
Water Level

BODY

Water Level

CAPSULE

Water Level

#1 T/613DM - MS2-0
#2 T/613DM - MS52-0

#3 E13DM Style B (No other Letters)

'l
82,
#3,

',

§1l,
§3

',

81,

Style E
Style E
Style B

2, 3 10-50 MA DC

2 Remote Amplifier N119LN
Remote Amplifier NO1l41INL

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

2, 3 Capsule 316SS A62139 Ul02XF (Teflon)

ELECTRICAL CONNECTION

See attached diagram.

SPECIAL MODEL

None.
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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 “reaks: a main steam line break and a main feedwater line

break.

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.
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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 A*omic Energy
Division, Sept. 1966.

(2) ACNP-66530, Answers to Questions Received from
the Division of Reactor Licensing, Answer IV-1l2,
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-mair steam line break conditions within containment. These
calculations assume that, initially, the scenario of Reference
(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 (l). 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 = 90°F,
The following data were extracted from Reference (2):

(a) Containment Free Volume = 264,130 ft3,

(b) Total Mass of Primary Water Open to Containment Atmosphere =
€6, 173 pounds.

(¢) Total Energy Released to Containment at Time Equal Zero =
39.5 x 109 Btu,

(d) Energy Absorbed by Containment Air = 3345 Btu/°F,

(e) Decay Heat Energy Added = 336,000 t0.8 Bty (t=time in
minutes).



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:
yg .
264,160 = Ugg x [39.54x105 - 8,1312x107 - 3345 (T-80) - 66173 ug +
8.889x106 ¢0.8 — 55104 (t-ty) (T-90))

WHERE :

t = Time after steam line break in hours
= 10 hours

T = Containment ambient temperature in degrees F

vg = Specific volume of saturated steam at temp T, cubic feet/lbm
ufqg = Internal energy of evaporation, Btu/lbm

ug = Internal energy of saturated liquid, Btu/lbm
Initial conditions: at ts=ty, T=175°F

Results of the process are tabulated in Table 1, plotted in
Figure 1.
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ENCLOSURE 8
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TRABLE 1
LACBWR CONTRINNENT TENPERATURE

|
v$. TIME ‘
|
USING (Lw SYSTEM A HERT SINK |

TIME AFTER CONTRINMENT TEMP. | °F

EREAK, HRS
. -
12 177" |
< 1706 ‘
" /170
20 174 |
24 1734 ‘
50 /70
36 /68
48 /65
72 Iei
joo 157
200 149

RES 18 (2/M) 8-3
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ENCLOSURE 9

EFFECT OF INITIAL CONTAINMENT AIR TEMPERATURES
ON CONTAINMENT PRESSURE AFTER A LOCA

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

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

264,160 = Vg [39.54 x 10® - 3345(T-T,) - 66,173 (ug)]
Ufg

Where the variable properties apply to the final saturation
g:gditions for steam at equilibrium in the containment volume,
Vg = Specific volume of saturated vapor, ft3/1b
Ufg = Internal energy difference by evaporation, Btu/lb
ufg = Internal energy of saturated liquid, Btu/lb
T = Final saturation temperature, °©F
To = Initial average containment air temperature, °©F
The constants in the above energy balance are:
Total primary system mass = 66,173 1b
Total contained energy = 39.54 x 106 Btu
Containment free volume = 264,160 ft3
Heat absorption by contained air = 3345 Btu/OF
The reference calculation assumed T, = 80°F,
The calculations have heen repeated for a range of initial

containment air temperatures, Ty, from 60°F to 90°F with the
following results:
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Steam Alr Contélnment
Initial Cont. Peak Cont. Partial Press. Partis! Press. Pressure
Yemp, Tamp. ot Peak at Peak ot Peak
(°r) _(°F) (psle) (psls) psla pslg
60 271.5%, §2.92 20.68 63.60 48.9¢C
80 271.72 43.05 19.92 62.97 §8.27
90 221,79 43.10 L 19.56 62.66 L7.9%

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

The analysis performed was bosed on the following conservative assumptions:
(o) Ten percent of the total fuel clodding in the octive core reacts with water,

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

(c) The reaction contributes to rha containment pressure rise while the contain-
ment is ot peak pressure immediute'y ofter the maximum credible accident (MCA).

The heat evolved in the stainless-steel steam reaction is assumed to be 255 B*u/Ib 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 stainiess steel (Reference: Toble 5.5 of ORNL-NSIC-5).

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

Total primary system mass = 66,173 Ib

Total Contained Energy = 39.54 x 100 Bty

Centa'nment Free Volume = 264,160 13

Heat Absorption by Contained Air = 3345 Btu/F
An energy balance for relecse of steam ond water from the primary system to the
containment building leads to the fallowing opproximate equation:

p )

264,160 = ‘_".9_.; [39.54 x 106 - 3345 (T - 80) - 66,173 (u,)J

where the varicble properties apply to the final saturation conditions for steom ot
equilibrium in the containment volume , and

vg = specific volume of saturated vapor, f03/|b

ufﬂ
%
T = final saturation temperature , °F

= internal energy difference by evoporation, Btu/lb
= internal energy of saturated liquid, Bru/1b
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By trial and error, the above equation is solved to obtain the partial pressure of steom
ot the final conditions. The solution indicates o steam portial pressure of 43 psio ot
T=272F.

PPg;, = 14.7 1“252337_2] = 19.9 psio
FINAL PRSSURE = PP, +PP_. = 62.9 psic or 48.2 psig.

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

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

255Btu/Ib x 408 Ib = 104,000 Bty

The hydrogen generation is:

lit
0.44) 537%? x (408) (454) g of s.s.

81,800 liters
2890 £13 at STP

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

264,160 = 3.2.’ (39.54+O.104)x106—3345(T5-80)-66,l73(u¢)]

(V
(G

The solution indicates @ steam particl pressure of 43.35 psia.

PPgir = 19.9 psic

Pphydyoggn = “.7! mge-,*om- x g; = 0.24 Psio
FINALPRESSURE = PP, + PR+ PP = 63.5psic or 48.8 psig.




ENCLOSURE 10

RADIATION LEVEL IN TURBINE BUILDING FOR LOCA/HELBR IN CONTAINMENT

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

Location Dose Rate (mRem/hr) at T = 30 Minutes
1 3.6 x 103
2 5.0 x 10}
3 1.0 x 104
4 2.5 x 103
5 3.3 x 104
5 3.Cc 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
2.4

18 Figure 5
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mRem/hr T=30 Min

s 1.7 = 103
9 1.4 x 103
10 9,5 x 102
1M 4.4 x 102
12 7.1 x 102
13 1.6 x 102
14 2.9 x 102
15 6.8 x 10!
16 1.2 x 102
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