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This document describes the evaluation of three standard conduit raceway sizes, one
junction box and several support systems, all protected with the Hemyc One Hour
System, when exposed to the ASTM E119 time-temperature heating curve. Each
conduit size was tested empty and heavily loaded with bare #8 AWG copper wire.

Results are given in the Conclusion Section of this report.

The details, procedures and observations reported herein are correct and true within
the limits of sound engineering practice. All specimens and test sample assemblies
were produced, installed and tested under the surveillance of either Sandia National
Laboratories, the manufacturer's or the testing laboratory's in-house Quality
Assurance Program. This report describes the analysis of a distinct assembly and
includes descriptions of the test procedure followed, the assembly tested, and all

results obtained.
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PURPOSE AND SCOPE
Note: This section has been reproduced in part from the Test Plan contained in Appendix A.

Section 50.48, “Fire Protection,” of 10 CFR Part 50 requires that each operating nuclear power
plant have a fire protection plan that satisfies General Design Criterion 3 of Appendix A to 10
CFR Part 50. Criterion 3 requires that structures, systems, and components important to safety
shall be designed and located to minimize, consistent with other safety requirements, the
probability and effect of fires and explosions. Noncombustible and heat resistant materials shall be
used wherever practical throughout the unit, particularly in locations such as the containment and
control room. Fire detection and fighting systems of appropriate capacity and capability shall be
provided and designed to minimize the adverse effects of fires on structures, systems, and
components important to safety. Firefighting systems shall be designed to assure that their rupture
or inadvertent operation does not significantly impair the safety capability of these structures,
systems, and components. Section 50.48 also requires that all plants with operating licenses issued
prior to January 1, 1979, satisfy the requirements of Sections III.G, IIL.], and II1.O of Appendix R
to 10 CFR Part 50. (Post 1979 plants (per 10 CFR Part 50.48) have to comply with the provisions
of their licenses.)

Section III.G of Appendix R, which addresses fire protection of safe shutdown capability, requires
that fire protection features be provided such that one train of systems necessary to achieve hot
shutdown conditions remains free of fire damage. One acceptable means of satisfying this
requirement is to separate cables and equipment and associated non-safety circuits of redundant
systems necessary to achieve and maintain hot shutdown conditions located in the same fire area
by a fire barrier having a 3-hour fire rating (Section II1.G.2.a). Another means is to enclose cables
and equipment and associated non-safety circuits of one redundant train in a fire barrier having a
I-hour fire rating and install fire detectors and an automatic fire suppression system in the fire area

(Section I11.G.2.¢).

The scope of this [project] is to describe the overall plan for investigating the fire resistance rating
of [the] Hemyc (1-hour) ... electrical raceway fire barrier system (ERFBS). The primary approach ...
[was] to perform [an] ... ASTM E 119 furnace test on a number of cable raceway types that [were]
protected by ... the Hemyc ... fire barrier material. The Hemyc test [was] performed for a period of
60-minutes, followed by a hose stream test and post-test visual inspection of the ERFBS. . ..
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OBJECTIVE
Note: This section has been reproduced in part from the Test Plan contained in Appendix A.

The objective of this program [was] to assess the fire resistance rating of Hemyc ERFBS by
subjecting various test specimens (conduit and junction boxes) to standard temperature-time
conditions as specified in ASTM E 119 and criterion stipulated in GL 86-10, Supplement 1. The
types and characteristics of the ERFBS enclosing the test specimens [were] intended to simulate as-
installed configurations.

These tests [were intended to] provide additional data in that redundant conduits loaded to their
maximum capacities with cables [were] included in the test. Also, [two] support structure analogs
partially enclosed in the ERFBS [were] exposed to the one-hour test conditions.

TEST PROCEDURE

Note: Since the Test Plan (Appendix A) includes an accurate and complete description of the test
procedure to be followed, much of these details have not been reproduced in the main body of
this report.

Horizontal Test Furnace

The 12' x 18' x 7" deep horizontal test furnace used in these evaluations was designed to allow the
specimen to be uniformly exposed to the specified time-temperature conditions. It is fitted with
12 symmetrically-located premixed air/propane gas burners designed to allow an even heat flux
distribution across the exposed surface of a horizontal test specimen. Furnace pressures may be
maintained at any value from +0.03" W.C. to -0.05" W.C. The furnace consists of a structural steel
frame, lined with sheet metal and insulated with a six inch thick layer of ceramic fiber.
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12' x 18' Horizontal Furnace (Overhead View)

The temperature within the furnace is determined to be the mathematical average of
thermocouples located symmetrically within the furnace with half positioned twelve inches below
the bottom surface of the test deck and the other half located 12" below the bottom of the test
specimens. In this manner, an average exposure on the entire assembly can be determined by
averaging the readings in real time and adjusting the average temperature to follow the standard
time-temperature curve. The materials used in the construction of these thermocouples are those
suggested in the E119 test standard. During the performance of a fire exposure test, the furnace
temperatures are monitored at least every 15 seconds and displayed for the furnace operator to
allow control along the specified time-temperature curve. All data is saved to hard disk at intervals
of once per minute unless more often is requested.
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The fire exposure is controlled to conform with the standard time-temperature curve shown in
Figure 1, as determined by the tables below:

ASTM E119 Time-Temperature Curve Time Temperature
2250 (min) (°F)
2000 T O 68
1750 1 5 1000
2 ool 10 1300
& 20 1462
s " 30 1550
5 100] 60 1700
[oF
- 90 1792
2 120 1850
2007 180 1925
2501 240 2000
0

0 30 60 90 120 150 180 210 240

Time (min)

Figure 1 E119 Temperature Exposure

The furnace interior temperature during a test is controlled such that the area under the time-
temperature curve is within 10% of the corresponding area under the standard time-temperature
curve for 1 hour or less tests, 7.5% for those less than 2 hours and 5% for those tests of 2 hours or
more duration.

Furnace Pressure

The pressure differential between the inside of the furnace (as measured approximately 12" below
the exposed surface of the test support slab) and the laboratory ambient air was maintained at 0.00
inches of water column for the duration of the fire exposure test (after the first five minutes,
during which furnace stabilization was achieved). This was achieved and controlled by adjusting
the inside furnace pressure until slight puffs of intermittent flames extended through unused
thermocouple probe holes in the sides of the furnace, indicating a very slight positive pressure at
these locations.
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Thermocouple Locations

All six conduit systems were instrumented with 24 GA. Type K glass/glass insulated
thermocouples (Special Limits of Error: £1.1°C) purchased with calibration certifications and lot
traceability. The thermo-junctions were mechanically attached along the side of each conduit
which faced the bottom or sides of the furnace (that is, along the outside and bottoms of the
conduit) by clamping them under the heads of #8x32 stainless steel machine bolts placed into
holes drilled and threaded to receive them, spaced 6" o.c. Bare #8 AWG, multiple-strand copper
conductors were instrumented with similar thermocouples attached every 6 inches along the wire’s
length. These thermocouples were attached by placing the thermo-junction in direct contact with
the surface of the wire and crimping the junction to the copper wire with a copper Buchanan
2011S open end splice cap fastened in place with a Buchanan C-24 "pres-SURE" tool. An
instrumented bare #8 AWG conductor was then pulled through the inside of each conduit. In
conduits which contained additional bare #8 AWG conductors as thermal mass, the instrumented
conductors were placed inside the bundle, to avoid abrasive damage to the thermocouples during
installation of the bundle into the conduit. The support systems contained thermocouples
installed as indicated in the Test Plan (Appendix A).

The junction box was instrumented with 1/16" diameter Inconel® sheathed, 30 Ga. Type K
thermocouples, to allow them to withstand the temperatures which may be experienced by their
leads passing between the junction box and outside the heated area. These thermocouples were
not purchased with calibration certificates, but instead were numbered and sent to Sandia
National Laboratories, which performed a series of multi-temperature point calibrations of them.
The results of these calibrations are presented in Appendix D, Quality Assurance.

See Appendix C Thermocouple Locations for exact locations of all test item thermocouples.
Data Acquisition Systems

The outputs of the thermocouples were monitored by 300 channel and 100 channel Yokogawa,
Inc., Model Darwin Data Acquisition Units, driven by Macintosh computers. The furnace control
thermocouples were monitored by a separate 100 channel Yokogawa, Inc. Model Darwin Data
Acquisition Unit and Macintosh computer. The computers were programmed in LabVIEW 5.0 to
send the commands to the data acquisition systems to sample the data input lines and to convert
the raw data into a usable format (i.e., degrees Fahrenheit) for display on screen and storage as an
ASCII tab-delimited text file. Those files were then, after the test, imported into MS Excel for
tabular and graphical display.
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Correction Factor

In accordance with ASTM E119, when the indicated resistance period is '/2 h or over, determined
by the average or maximum temperature rise on the unexposed surface or within the test sample,
or by failure under load, a correction shall be applied for variation of the furnace exposure from
that prescribed, where it will affect the classification, by multiplying the indicated period by two
thirds of the difference in area between the curve of average furnace temperature and the standard
curve for the first three fourths of the period and dividing the product by the area between the
standard curve and a base line of 68°F (20°C) for the same part of the indicated period, the latter
area increased by 3240°F e min to compensate for the thermal lag of the furnace thermocouples
during the first part of the test. For a fire exposure in the test higher than standard, the indicated
resistance period shall be increased by the amount of the correction. For a fire exposure in the test
lower than standard, the indicated resistance period shall be similarly decreased for fire exposure
below standard. The correction is accomplished by mathematically adding the correction factor,
C, to the indicated resistance period.

The correction can be expressed by the following equation:

oL 2A-4)
3(A,+ L)

where:

C = correction in the same units as I,

I = indicated fire-resistance period,

A = area under the curve of indicated average furnace temperature for the first three
fourths of the indicated period,

A, = area under the standard furnace curve for the same part of the indicated period, and

L = lag correction in the same units as A and A; (54°F¢h or 30°Ceh (3240°F ®* min or
1800°C ® min))

Hose Stream Test

Immediately following the fire endurance test, a hose stream test was performed in accordance
with USNRC Generic Letter 86-10, Supplement 1, Enclosure 1, Section VI. The hose stream was
"applied at random to all exposed surfaces of the test specimen through a 1-1/2" fog nozzle set at a
discharge angle of 15 degrees with a nozzle pressure of not less than 75 psi and a minimum
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discharge rate of 75 gpm with the tip of the nozzle at a maximum of 10 feet from the test
specimen. Duration of the hose stream application is 5 minutes." Prior to the hose stream
application, the laboratory ensured the correct angle spray pattern, pressure and flow was achieved
through calibrated gauges and other equipment as required.

Assessment Criteria

The test specimens were subjected to the ASTM E 119 temperature-time profile in the test furnace.
An assessment of the ERFBS performance was based on two principal factors, as stated in Generic
Letter 86-10, Supplement 1:

1. The time at which the average unexposed side temperature of the fire barrier system, as measured
on the exterior surface of the raceway or component, exceeds 139°C (250°F) above its initial
temperature. Or the time at which a single temperature reading of a test specimen exceeds 30%
of the maximum allowable temperature rise (i.e., 180°C [325°F]) abowe its initial temperature.

2. The fire barrier system remains intact during the fire exposure and water hose stream test without
developing any openings through which the cable raceway is visible.

TEST SPECIMEN CONSTRUCTION

Supporting Deck

A 13'x 19" insulated 10 GA. steel deck was designed to accept the test items in this project. The
deck was continuously welded and reinforced with 4" structural steel channel, as indicated in the
drawings in Appendix B. The placement of all test items in the deck was adjusted to maximize
distances between items and between items and furnace walls, and to minimize shadowing effects
between items.

Each of the conduits were designed to pass through the test deck, extend 36" below the insulated
lower surface of the deck, turn 90° (through a zero radius turn) to horizontal, extend a total of 60",
and then turn 90° upwards (through a sweeping radius turn) and pass back up and through the

supporting deck. All test items were supported by structural elements on the unexposed side of
the test deck at distances of 12" and 30" above the deck.
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One specimen of each conduit contained a heavy loading (nominally 30%) of bare #8 multi-strand
copper conductor. The length and weight of each bundle was determined, as well as the weight of
each assembled conduit system and its weight per unit length.

Raceway Bare #8 Total
Weight No. of Weight % Weight per
Per Unit Strands of per Unit Fill by Unit
Raceway Length* Bare #8 Length Actual Length
(Ib/ft) Conductor (Ib/ft) Area (Ib/ft)
1A (4" 9.4 1 n/a n/a 9.4
conduit)
1B (4" 9.4 291 14.84 30.0 24.24
conduit)
1C @Y/ 5.1 1 n/a n/a 5.1
conduit)
1D @2'/2" 5.1 113 5.85 29.8 10.95
conduit)
1E (1" 1.5 1 n/a n/a 1.5
conduit)
1F (1" conduit) 1.5 18 1.02 29.7 2.52
1G (Unistrut) 1.67 n/a n/a n/a 1.67
1H (2"x2" 2.76 n/a n/a n/a 2.76
steel)

* Note: this is the weight of the raceway only, before the bare #8 was installed.

CONDUCT OF TEST
Preburn Inspections

As required in the Test Plan, prior to the commencement of the fire endurance test, a thorough
check of the test assembly and associated equipment (including calibration of the data recording
equipment) and completion of applicable Laboratory QA/QC checklists were performed and
documented by the testing laboratory.
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Written approval of the construction, assembly, installation and instrumentation was supplied by
OPL and signed by Sandia National Laboratories' representative prior to performance of the fire
exposure test (a sign-off sheet for this purpose was supplied by the Laboratory).

The test assembly was then placed on the large scale horizontal fire resistance furnace and the
thermocouples connected to the data acquisition system and their outputs verified. The test
assembly was inspected one last time before the furnace was close prior to the test. Upon receipt
of approval to proceed, the test was initiated. Following the fire exposure test, all data acquisition
systems were recalibrated in accordance with the Test Plan.

TEST RESULTS

The thermocouples were connected to the data acquisition systems and their outputs verified on
March 10, 2005. The furnace was fired on March 11, 2005, and computer data collection of
thermocouple data continued for 60 minutes. The ambient temperature at the start of the test was
54°F, with 60% relative humidity. The furnace was fired at 9:09 AM and the standard time-
temperature curve followed for 60 minutes. The pressure differential between the inside of the
furnace (as measured 12" below the exposed surface of the test slab) and the laboratory ambient air
was maintained at 0.00 inches of water column for the duration of the fire exposure test (after the
first five minutes, during which furnace stabilization was achieved).

Persons present to perform or witness the test were as follows:

Deggary Priest - Omega Point Laboratories, Inc.
Connie Humphrey - Omega Point Laboratories, Inc.
Mike Dey - Omega Point Laboratories, Inc.
Cleda Patton - Omega Point Laboratories, Inc.
Troy Bronstad - Omega Point Laboratories, Inc.
Oscar Estrada - Omega Point Laboratories, Inc.
Richard Beasley - Omega Point Laboratories, Inc.
Laudencio Castanon - Omega Point Laboratories, Inc.
Frank Wyant - Sandia National Laboratories

Mark Allen - Sandia National Laboratories

Mark Salley - US Nuclear Regulatory Commission
Roy Woods - US Nuclear Regulatory Commission
Randy Brown - Promatec

Mike Jordan - Promatec

Frank Haese . Promatec
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Observations made during the test were as follows:

TIME
(h:minss) OBSERVATIONS
0:00 Furnace ignited at 9:09 AM.
3:40 Furnace probes #1 and #4 were not functioning. They were fixed or replaced.
Working well now.
5:00 Furnace pressure adjusted to neutral 12" below test deck.

10:00 Exterior surfaces of the protected items turning white.

17:00 Furnace pressure re-adjusted to neutral.

21:30 Right side of JB insulation falling away. Soon, the other side fell over also.

25:40 Test Item 1B developed an opening at the patch.

38:00 Junction box cover has fallen to the furnace floor.

50:00 Steam and smoke from unexposed side of 1G and 1D.

58:50 Light steam from 1A.

59:00 Light steam from 1F.

60:00 Furnace extinguished. Specimen thermocouples were disconnected and the test
assembly lifted from the furnace, observed, photographed and moved to the hose
stream test area.

1:07:36 Hose stream began at a nozzle spray angle of 15° pressure at 75 psi and from a
distance of 10 ft. The entire test assembly was slowly spun and the hose stream
operator remained stationary and applied the hose to the test items as they passed
in front of him.

1:12:36 Hose stream stopped. The test assembly was then observed, photographed and

allowed to drip for several hours before being placed on 8' tall 24" ¢ pipe stands
and undergoing post-test disassembly. There were no significant changes in any of
the exterior claddings on the raceways due to the hose stream test.
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Observation

Collar loose (2-1/4" opening) and stitching at corner was opened
(1/4" - 4" opening at the LB) - raceway visible at both places.

Same as 1A: Collar loose and stitched seam open (1/2" - 1" at LB) -
raceway visible at both places.

14" - 1" opening at the telescoping overlap at the center - raceway
visible.

Collar loose and open (3-1/2" - 4" gap with angular opening of 1" -
2") - raceway visible

Slight damage to the stitching holding a patch to the pad at the 90°
sweeping elbow. No openings. Some shrinkage at the center
overlap, but the joint covering did not leave openings.

Collar loose and open (2") - raceway visible

No damage, no openings

No damage, no openings

Both sides and bottom coverings had fallen off during the fire
exposure. Support cladding open ~3/8" on side nearest Item 1A
and %" - 1" on the other side.

Other than small pieces of the deck insulation falling to the laboratory floor, the test assembly
showed no visible effect due to the hose stream test. Later comments indicate that most of the
raceways failed the hose stream test, when in fact the openings occurred in the Hemyc system due
to the fire exposure. However, regardless of when the openings occurred, it cannot be stated that
those test items met the requirements of the hose stream test. Much steam and dripping hot water
remained after the hose stream was stopped.
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In accordance with the E119 test standard, a calculation for any correction to the indicated fire
resistance period was done. The correction factor was then mathematically added to the indicated
fire resistance period, yielding the fire resistance period achieved by this specimen:

TEST
ITEM | DESCRIPTION VALUE
C correction factor 0.23 min
(14 seconds)
| indicated fire-resistance period 60 min

A area under the curve of indicated average
furnace temperature for the first three fourths of | 58 876°F ¢ min
the indicated period

As area under the standard furnace curve for the| 58 516°Femin
same part of the indicated period

L lag correction 3240°F  min

FIRE RESISTANCE EXPOSURE
RECEIVED BY THIS SPECIMEN =

I
\4

60

Note: The standard specifies that the fire resistance be determined to the nearest integral minute.
Consequently, if the correction factor is less than 30 seconds, and the test specimen met the criteria for the
full indicated fire resistance period, no correction is deemed necessary. That was the case for this project.
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CONCLUSIONS

In accordance with the assessment criteria listed in the Test Plan, all raceway systems failed to meet
a lh fire endurance period. The table below summarizes the results for each item. Note that the
instrumented bare #8 copper wires with the thermocouples attached were buried within the bare
copper wire bundles to protect the thermocouples from damage while the bundles were being

pulled through raceways 1B, 1D and 1F.

Burn- Pass Final
Time to Time to Max. Temp | Through/ Hose Grade
Raceway AT, =250°F | AT,,,>325°F | Bare #8@1h Stru.ctural Stream Pas§/
(min) (min) (°F) Failure Yes/No Fail
Yes/No
IE | 1" Conduit (empty) 46 42 1013 No Yes Fail
IF | 1" Conduit (loaded: 44 34 1177 Yes No Fail
fill=29.7%, 1.02 1b/ft)
1C | 2'/2" Conduit (empty) 48 41 709 Yes No Fail
ID | 2'/2" Conduit (loaded: 51 38 446 Yes No Fail
fill=29.8%, 5.85 1b/ft)
1A | 4" Conduit (empty) 49 33 865 Yes No Fail
1B | 4" Conduit (loaded: 57 43 199 Yes No Fail
fill=30.0%, 14.84
Ib/ft)
1T | Junction Box 17 15 n/a Yes No Fail
(empty)

Item #1G: Unistrut Support

The Unistrut support was instrumented with thermocouples located 1" inside the edge of the
insulation material, and every 3" away from that point, under the insulation. As the plot
contained in Appendix B indicates, at a distance 7" from the edge of the insulation, the
temperatures are very nearly the same for the rest of the distance. Definitely at a distance of 10",
all temperatures are virtually identical.
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Item #1H: 2" x 2" Square Steel Tubing Support

The 2x2 steel tubing support was instrumented with thermocouples located 1" inside the edge of
the insulation material, and every 3" away from that point, under the insulation. As the plot
contained in Appendix B indicates, up to a distance 7" from the edge of the insulation, the
temperatures are rapidly declining. However, at the 90° zero-radius bend, the two thermocouples
(TCs #345 & #346) indicate a reduction in thermal insulation at that point. After that, all
thermocouples approach a common temperature, indicating that further distances from the
exposed end do not affect the steel temperature. The "effective” insulating distance appears to lie
between 7 and 10 inches.

Shrinkage of the Hemyc insulation pads

During the fire exposure, shrinkage of the Hemyc insulation pads appeared to be caused by the
heating of the surface fabric. The end result, was that as adjacent insulation pads withdrew from
each other during the shrinkage process, the gap exceeded the overlap distance and an opening
appeared through which the raceway steel could be seen, thus causing a failure of the system. As
previously mentioned, the hose stream test did not appear to cause any change in the opening
sizes, but the hose stream test cannot be judged as successful if the openings were there prior to the
hose stream test.

Loaded Conduits versus Empty Conduits
Due to the significant effects of the shrinkage of the Hemyc system (and the subsequent opening

of joints), the effects of the heavy loadings were overshadowed. No useable information could be
extracted from these systems concerning the effect of loading.
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Appendix A

TEST PLAN
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Plan for Hemyc (1-Hour) and M.T. (3-Hour) Electrical
Raceway Fire Barrier Systems Performance Testing

Revision M
April 6, 2005

1 PURPOSE AND SCOPE

Section 50.48, “Fire Protection,” of 10 CFR Part 50 requires that each operating nuclear
power plant have a fire protection plan that satisfies General Design Criterion 3 of
Appendix A to 10 CFR Part 50. Criterion 3 requires that structures, systems, and
components important to safety shall be designed and located to minimize, consistent
with other safety requirements, the probability and effect of fires and explosions.
Noncombustible and heat resistant materials shall be used wherever practical throughout
the unit, particularly in locations such as the containment and control room. Fire
detection and fighting systems of appropriate capacity and capability shall be provided
and designed to minimize the adverse effects of fires on structures, systems, and
components important to safety. Firefighting systems shall be designed to assure that
their rupture or inadvertent operation does not significantly impair the safety capability of
these structures, systems, and components. Section 50.48 also requires that all plants
with operating licenses issued prior to January 1, 1979, satisfy the requirements of
Sections I11.G, 111.J, and 111.0 of Appendix R to 10 CFR Part 50. (Post 1979 plants (per
10 CFR Part 50.48) have to comply with the provisions of their licenses.)

Section 111.G of Appendix R, which addresses fire protection of safe shutdown capability,
requires that fire protection features be provided such that one train of systems necessary
to achieve hot shutdown conditions remains free of fire damage. One acceptable means
of satisfying this requirement is to separate cables and equipment and associated non-
safety circuits of redundant systems necessary to achieve and maintain hot shutdown
conditions located in the same fire area by a fire barrier having a 3-hour fire rating

(Section 111.G.2.a). Another means is to enclose cables and equipment and associated
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non-safety circuits of one redundant train in a fire barrier having a 1-hour fire rating and
install fire detectors and an automatic fire suppression system in the fire area (Section
11.G.2.c).

The scope of this document is to describe the overall plan for investigating the fire
resistance rating of Hemyc (1-hour) and M.T. (3-hour) electrical raceway fire barrier
systems (ERFBS). The primary approach will be to perform a series of ASTM E 119
furnace tests on a number of cable raceway types that are protected by either the Hemyc
(with and without air gaps) or M.T. fire barrier material. The Hemyc tests will be
performed for a period of 60-minutes each, followed by a hose stream test and post-test
visual inspection of the ERFBS. The M.T. test will be performed in a similar manner
with the principal difference being that it will be conducted for a period of 3-hours.

Descriptions of these tests and of the overall approach are provided below.

2 OBJECTIVE

The objective of this program is to assess the fire resistance rating of Hemyc and M.T.
ERFBS by subjecting various test specimens (conduit, cable trays, cable drops, and
junction boxes) to standard temperature-time conditions as specified in ASTM E 119 and
criterion stipulated in GL 86-10, Supplement 1. The types and characteristics of the

ERFBS enclosing the test specimens are intended to simulate as-installed configurations.

These tests will also provide additional data in that redundant conduits loaded to their
maximum capacities with cables will be included in two of the test runs. Also, a few
support structure analogs partially enclosed in the ERFBS will be exposed to the one- and

three-hour test conditions.

3 APPROACH

The following sections describe the test specimens and the test conditions to be employed
for the performance assessments of the Hemyc and M.T. electrical raceway fire barrier

systems.
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3.1 Test Specimens

The principal test specimens will include a variety of cable raceway types protected by
either the Hemyc 1-hour rated ERFBS or M.T. 3-hour rated ERFBS. In one test, the test
specimens will be protected with Hemyc fire barrier material directly attached to the
raceway (i.e., without air gaps). The test specimens in the second test will include a mix
of test specimen enclosure methods: some protected by Hemyc ERFBS framed with
structural supports to provide a 5-cm (2 in) air gap between the ERFBS and the raceway
and others protected with Hemyc by direct attachment. For the third test, the test
specimens (of the same types included in the first test) will be protected with the M.T.
ERFBS (directly attached to the raceways) and subjected to a 3-hour ASTM E 119

furnace exposure.

The types of test specimens and the configurations of the ERFBS selected for these tests
are based principally on the application usage information provided to the NRC/NRR by
industry (Letter: Emerson, NEI, to Frumkin, NRC/NRR, “Promatec Hemyc 1-Hour and
M.T. 3-Hour Fire Barrier Systems,” December 28, 2001 and via letter: Marion, NEI, to
Hannon, NRC/NRR, “Comments on NRC Hemyc Test Plan,” December 6, 2002).
Additional correspondence addressing specific details about industry practices in Hemyc
applications were also taken into account and, where practical, incorporated into the test
plan (e.g., Email: Emerson, NEI, to Salley, NRC/RES, “Hemyc — Predominant Industry
Practices,” January 18, 2005).

The test protocols presented here are intended to provide bounding states of the
protective material performance under standard test conditions. Also, this method is per
NRC guidance, as stated in Generic Letter 86-10, Supplement 1, and represents current
staff positions on bounding test approaches. Additionally, it is also required that the
assembly and installation of the Hemyc and M.T. ERFBS shall be done in accordance

with the vendor’s specifications and meet all required vendor quality standards.

The test specimens will include the following items:
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27-mm (1 in) Steel rigid metal conduit (RMC) arranged in a modified “U”
configuration such that one vertical leg and one end of the horizontal span of
the conduit intersect at a condolet LB access fitting, forming a right angle,
while the other end of the horizontal span transitions to the second vertical leg
via a conduit radius bend or elbow. Tests will be conducted on both “empty”
and “loaded” conduit configurations.

63-mm (2% in) Steel rigid metal conduit (RMC) arranged in a modified “U”
configuration such that one vertical leg and one end of the horizontal span of
the conduit intersect at a condolet LB access fitting, forming a right angle,
while the other end of the horizontal span will transition to the second vertical
leg by means of a conduit radius bend or elbow. Both “empty” and “loaded”
conduit configurations will be tested.

103-mm (4 in) Steel rigid metal conduit (RMC) arranged in a modified “U”
configuration such that one vertical leg and one end of the horizontal span of
the conduit intersect at a condolet LB access fitting, forming a right angle,
while the other end of the horizontal span will transition to the second vertical
leg through a conduit radius bend or elbow. Again, “empty” and “loaded”
conduit configurations will be tested.

A 305-mm (12 in) wide 16-gage galvanized steel ladder-back cable tray with
10 cm (4 in) high side rails and 23 cm (9 in) rung spacing. The cable tray will
be constructed in a modified “U” configuration such that one vertical leg and
one end of the horizontal span of the conduit intersect at a right angle, while
the other end of the horizontal span will transition to the second vertical leg
by means of a tray vertical curve. Only empty cable trays will undergo
testing.

A 914-mm (36 in) wide 16-gage galvanized steel ladder-back cable tray with
10 cm (4 in) high side rails and 23 cm (9 in) rung spacing. The cable tray will
be constructed in a modified “U” configuration such that one vertical leg and
one end of the horizontal span of the conduit intersect at a right angle, while
the other end of the horizontal span will transition to the second vertical leg
by means of a tray vertical curve. The cable trays will be tested without
cables.

Short cable drops consisting of a small bundle of No. 8 AWG bare copper
wire suspended from the top of the furnace in a “U” loop configuration to
simulate air drops.

46 cm x 61 cm x 20 cm (18" x 24" x 8") Steel junction boxes. The junction
boxes will be suspended using supports protected by the ERFBS through
direct attachment.

Four separate support structure test elements consisting of two different cross
sections (Unistrut® and square steel tube) formed into a right angle (“L”)

! «|_oaded” refers to approximately 30% of cross sectional area fill using bare #8 copper wires.

4
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configuration and partially covered by the ERFBS. These structures are being
included in the test program to evaluate the magnitude of heat transmission
along their wrapped length and the possible thermal coupling effect on any
supported assemblies or intervening items.

A bare #8 stranded copper wire, instrumented with thermocouples along its length, will
be routed through each of the conduit test specimens and placed along the horizontal
center of the cable tray test specimens and attached to the bottom of the rungs. The
thermocouples will be mechanically attached to the bare copper conductor at 150-mm
(6 in) spacing intervals. Additional thermocouples will be mechanically attached to the
outer surfaces of the conduit test specimens and along the length of both side rails of the
cable tray test specimens at 150-mm (6 in) intervals. The ends of the test specimens will
be insulated with fiber filler inside and around their perimeters at the furnace-ceiling

interface in accordance with the vendor’s requirements.

The Hemyc ERFBS consists of blankets constructed of 38-mm (1.5 in) or 50-mm (2 in)
thick, 128 kg/m*® (8 Ib/cu ft), JIM Cerablanket/B&W Kaowool blanket covered with
Siltemp 84CH and 84SR fabric mesh on all surfaces exposed to the fire. The materials
are sewn together with “Astroquartz” thread. The cable tray and cable drop test
specimens framed to support a 50-mm (2 in) air gap will use the 38-mm thick Hemyc
covers and all direct attachment configurations will use the 50-mm thick wraps. All

installation shall be in accordance with the vendor’s requirements.

The M.T. three-hour ERFBS is virtually identical in concept and uses the same basic
materials in construction as Hemyc, but the M.T. also has an internal layer of a heat-

activated compound.

PCI Promatec, Inc. has been contracted to fabricate and install the Hemyc and M.T.

materials on all of the test specimens.
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Table 1 presents the test conditions to be investigated in terms of ERFBS type and
configuration for each of the test specimens during the three tests. Conduits will not be

tested in the air gap framed configuration and no cable trays will be tested with M.T.

Detailed construction drawings of each of the test specimens are provided in the
appendix to this plan. The drawings define the specific details of the design and
assembly of each test specimen. Promatec will provide separate drawings detailing the
installation of the designated ERFBS. Drawings and descriptions of the dimensions and
setup configurations in the furnace and instrumentation details are provided. The
fabrication and installation of the ERFBS will be performed in accordance with vendor
procedures. Provisions will be made to verify that all material/installation quality

requirements are met.

Table 1: Test Matrix

Test #1 Test #2 Test #3
Hemyc Hemyc M.T.
(1-Hour, Direct (1-Hour, Framed (3-Hour, Direct
Attachment) for Air Gap and Attachment)
Direct Attachment)
27-mm (1-in) Conduit* X (Not included) X
63-mm (2%-in) Conduit’ X (Not included) X
103-mm (4-in) Conduit* X (Not included) X
305-mm (12-in) Tray (Not included) X (Not included)
914-mm (36-in) Tray (Not included) X (Not included)
Junction Box® X X X
Cable Drop (Not included) X X
Unistrut Support X (Not included) X
Tube Steel Support X (Not included) X

! Conduit test specimens will be tested under both “empty” and “loaded-with-cable” conditions.

% Only a single junction box will be included in Test #2 that will be enclosed in Hemyc by Direct
Attachment secured with metal bands.

Sandia National Laboratories will procure the required materials for the test specimens.

The type of material and equipment obtained will include raceways (conduit, trays,
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condolets, and junction boxes), metal to fabricate the support structure specimens, and
miscellaneous hardware (nuts, bolts, screws, etc.) plus spare parts. Promatec will be

responsible for QA of the Hemyc and M.T. materials and ERFBS installation.

The test laboratory will construct the test specimens in accordance with the detailed
construction drawings. The process will include the positive mechanical fastening of the
thermocouples to the outer surfaces of the test specimens and checkout for proper
operation prior to the installation of the ERFBS. The test laboratory will also be
responsible for installation of the instrumented bare #8 copper wire and the additional
conductors within the raceways. Table 2 indicates the number of bare #8 conductors to
be installed in the “loaded” conduit test specimens. The individual weights of the
assembled, but empty, test specimens will be recorded prior to attachment to the test
deck. Similarly, the weights of the bare #8 copper wire bundles will also be recorded
prior to installation in the selected conduits. The resulting mass per unit length will be
used as a first-order basis for determining the influence of cable loading on thermal
response of the raceways. The test laboratory will be responsible for QA of the furnace
temperatures and test operations. The laboratory will provide logs and record instrument

data during the tests.

Table 2: Number of No. 8 Bare Conductors Routed in Loaded Conduit.

Loaded Test Specimens

No. bare #8 stranded wires

Approximate mass per unit
length of wire

103-mm (4”) Conduit 291 21.72 kg/m (14.58 Ib/ft)
63-mm (2%2") Conduit 113 8.45 kg/m (5.68 Ib/ft)
27-mm (1") Conduit 18 1.38 kg/m (0.95 Ib/ft)
Cable Drops 7 0.70 kg/m (0.50 Ib/ft)
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Photographs and documented written logs of the test specimens, both during and after
assembly, shall be prepared by the testing laboratory prior to testing and included as part

of the test QA documentation for the final test report.

PCI Promatec, Inc., through a contract with Sandia National Laboratories, will be
responsible for fabricating and installing the ERFBS materials on the test specimens

following construction, instrumentation and mounting on the test deck.

3.2 Assessment Criteria

The test specimens will be subjected to the ASTM E 119 temperature-time profile in the
test furnace. An assessment of the ERFBS performance will be based on two principal

factors, as stated in Generic Letter 86-10, Supplement 1:

1. The time at which the average unexposed side temperature of the fire barrier
system, as measured on the exterior surface of the raceway or component,
exceeds 139 C (250 F) above its initial temperature. Or the time at which a
single temperature reading of a test specimen exceeds 30% of the maximum
allowable temperature rise (i.e., 181 C [325 F]) above its initial temperature.

2. The fire barrier system remains intact during the fire exposure and water hose
stream test without developing any openings through which the cable raceway
is visible.

3.3 Test Facilities

The furnace tests will be conducted at Omega Point Laboratories (OPL), located in
Elmendorf, Texas. OPL has a full-scale horizontal furnace that fully satisfies the
requirements of this test plan. It is 3.7 m (12 ft) wide by 5.5 m (18 ft) long and 2.1 m
(7 ft) deep equipped with twelve propane burners. The furnace has been demonstrated to

produce the ASTM E 119 standard time-temperature profile.

The test furnace is located in a 18 m (60 ft) by 61 m (200 ft) by 9 m (30 ft) high building.
This building has ample room for test specimen assembly and fire barrier installation

activities prior to placement inside the furnace.
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3.4 Primary Tests

Three separate test runs will be conducted as part of the primary test series. Two of the
tests will test the performance of 1-hour rated Hemyc ERFBS and the third test will
assess the performance of 3-hour rated M.T. ERFBS. All of the primary tests will be
conducted using the ASTM E 119 standard time-temperature curve (Figure 1). The
furnace calibration shall be within ASTM E 119 requirements and the calibration
documentation included in the final test report. All thermocouples used in the testing
(furnace and test specimens) shall be within ASTM E 119 requirements and the

calibration documentation included in the final report.

2400 1315
2000 — 1093
O]
1600 Vi 871 O
° o
> 55 Determining Point =
a 1200 etermining Foints 649 S
S <l for curve )
g 1000°F (538°C) at 5 min g—
S 1300°F (704°C) at 10 min 5]
~ 800 1550°F (843°C) at 30 min 427 F
1700°F (927°C) at 1 hr
1850°F (1010°C) at 2 hr
400 2000°F (1093°C) at 4 hr 204
2300°F (1260°C) at 8 hr
0 [ [
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Time (hr)
Figure 1.  The Standard Time-Temperature Curve (based on data provided in ASTM E 119 — 00a.
As indicated above, these tests will be governed by the conditions provided in this test

plan. The test specimens will consist of those items described in Section 3.1. The

specific setup and configuration for each test is discussed below.
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The Hemyc material will use Siltemp fabric on both the internal and external covering.
Stainless steel bands will be used for attachment (i.e., no finger straps will be used). The
spacing of the bands will be per Promatec’s maximum spacing requirements. Standard
96 — 128 kg/m® (6 — 8 Ib/ft®) density ceramic fiber material will be used to construct the
Hemyc wraps. The 27-mm (1-in) empty conduit, 63-mm (2%2-in) loaded conduit and the
103-mm (4-in) conduit (empty and loaded) will all employ butt joints with 150-mm (6 in)
wide collar over wraps. The 27-mm (1-in) loaded conduit and the 63-mm (2%2-in) empty
conduit will employ 50-mm (2-in) overlap joints. All cable trays will use the overlap
joint method. In addition, the cable drop with the 50-mm (2-in) air gap will use the
overlap method for sealing the material joints while the cable drop without the air gap

will use collars to cover the butt joints.

3.4.1 Test#1

The first test of the series will be conducted on nine test specimens with Hemyc ERFBS
directly attached to the raceways (i.e., without framework to provide air gaps between the
fire barrier material and raceways). The nominal thickness of the Hemyc will be 50 mm
(2 in).

Figure 2 shows one possible configuration of the test specimens inside the furnace. As

indicated in the figure, the test specimens include:

e A 103-mm (4 in) conduit without additional cables,

e A 103-mm (4 in) conduit loaded with the maximum (30% of conduit’s cross-
sectional area) fill of cables,

e A 27-mm (1 in) conduit and condolet LB assembly without cables,

e A 27-mm (1 in) conduit and condolet LB assembly with additional cables
(30% fill),

e A 63-mm (2% in) conduit and condolet LB assembly with no cables,

e A 63-mm (2% in) conduit and condolet LB assembly with cables (30% fill),

e A46cm X 61cm X 20 cm (18" x 24" x 8") junction box,

e A partially protected Unistrut® support assembly, and

e A partially protected 5 cm x 5 cm (2” x 2”) square steel tube support assembly

10
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Test #1 Configuration Layout
Test Specimens Direct Attachment with Hemyc
1A - 103 mm (4") Conduit (0% Fill) 1F - 27 mm (1") Conduit (30% Fill)

1B - 103 mm (4") Conduit (30% Fill) 16 - Unistrut Support
1C - 63 mm (23") Conduit (0% Fill) 1H-5cm X 5 cm (2" X 2") Tube Steel Support

1D - 63 mm (21") Conduit (30% Fill) 1T - 46 cm X 61 cm X 20 cm (18" X 24" X 8") 73766-0001
1E - 27 mm (1") Conduit (0% Fill) Junction Box Rev. 05
03/31/2005

Figure 2.  Example of Test Specimen Layout during Test #1 (Hemyc, Direct Attachment
Configurations).
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This arrangement of the test specimens is intended to maximize thermal exposures and
minimize the potential for one specimen to influence the response of another specimen to

the thermal environment (i.e., minimize shadowing).

The conduit will be supported from the furnace ceiling in a modified “U” configuration.
The metal test deck will be adequately insulated to prevent interaction with the portion of
the test specimens located outside the furnace and to protect the metal deck from
structural failure during the 1-hour test. Each conduit will include one sharp 90-degree
transition from the horizontal span to one of the vertical legs; a condolet fitting will be
employed to provide the right angle transition from horizontal to vertical. At the other
transition point a radius bend will be used. The two vertical runs of these test articles
will be approximately 0.9 m (36 in) along each leg and the horizontal span will be
approximately 1.5 m (60 in) (See Figures Al, A2, and A3 in Appendix A). The ERFBS
will completely cover the test specimens within the furnace and extend through the test
deck for a distance of 15 to 30 cm (6 — 12 in) above the test deck (See Figure A19 in
Appendix A). All raceway supports shall be outside the furnace and shall not interfere
with the ERFBS during testing.

A Hemyc ERFBS will be directly attached to the support structure analogs such that
30 cm (12 in) of their horizontal sections are exposed to the furnace environment. The
junction box will be suspended from the test deck by Unistrut support members and

protected with Hemyc through direct attachment (See figure A6 in Appendix A).

The vertical run of the Unistrut will be approximately 0.9 m (36 in) inside the furnace

and the horizontal run will be 0.6 m (24 in) (See figure A8 in Appendix A).

The vertical run of the 5.cm x 5 cm (2 in. x 2 in) tube steel will be approximately 0.9 m
(36 in) below the test deck and the horizontal run will be 0.6 m (24 in) (See figure A7 in
Appendix A).

12
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3.4.2 Test #2

The second test will be conducted on seven test specimens, which will be protected with

Hemyc ERFBS. Two of the cable trays and one cable drop will incorporate the necessary

framework to provide a minimum of 50-mm (2 in) air gaps between the ERFBS and item.

The nominal thickness of the Hemyc ERFBS enclosing the framed components will be

38 mm (1% in). The remaining two cable trays, cable drop and junction box will be

protected with directly attached (i.e., without air gap framework) Hemyc with a nominal

wrap thickness of 50-mm (2 in).

One possible arrangement of the test specimens in the furnace during Test #2 is shown in

Figure 3. The seven test specimens will include:

A 914-mm (36 in) cable tray framed for 50-mm (2”) air gap,

A 914-mm (36 in) cable tray employing direct attachment of the Hemyc,
A 305-mm (12 in) cable tray framed for 50-mm air gap,

A 305-mm (12 in) cable tray employing direct attachment of the Hemyc,
A small cable drop loop employing direct attachment of the Hemyc,

A 46 cm x 61 cm x 20 cm (18" x 24" x 8") junction box employing direct
attachment of the Hemyc suspended from the top of the furnace with
separately protected (direct attachment, ceramic fiber blanket) supports, and

A small cable drop loop framed for 50-mm air gap.

13
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Test #2 Configuration Layout
Test Specimens Protected in Hemyc
2A - 305 mm (12") Cable Tray (direct attachment)
2B - 305 mm (12") Cable Tray (5 cm [2"] Air Gap)
2C - 914 mm (36") Cable Tray (direct attachment)
2D - 914 mm (36") Cable Tray (5 cm [2"] Air Gap)
2E - Cable Drop Loop (direct attachment)
2F - Cable Drop Loop (5 cm [2"] Air Gap) 73766-0002
26 - 46 cm X 61 cm X 20 cm (18" X 24" X 8") Junction Box (suspended by Rev. 04
supports, enclosed in Hemyc by direct attachment) 03/31/2005
Figure 3.  Example of Test Specimen Layout during Test #2 (Hemyc, Framed for 50-mm (2”) Air Gap

and Direct Attachment Configurations).
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The cable trays will be supported from the furnace ceiling in a modified “U”
configuration. The metal test deck of the test specimens will be adequately insulated to
prevent interaction with the portion of the test specimens located outside the furnace and
to protect the metal deck from structural failure during the 1-hour test. Each tray will
include one sharp 90-degree transition from the horizontal span to one of the vertical
legs. At the other transition a radius bend will be used. The cable trays will be modified
and assembled to accommodate the right angle turn. The two vertical runs of these test
articles will be approximately 0.9 m (36 in) along each leg inside the furnace and the
horizontal span will be approximately 1.5 m (60 in) (See Figures A4 and A5 in Appendix
A). The ERFBS will completely cover the test specimens within the furnace and extend
through the test deck for a distance of 15 to 30 cm (6 — 12 in) above the test deck (See
Figure A20 in Appendix A). All raceway supports shall be outside the furnace and shall
not interfere with the ERFBS during testing.

The junction box will be supported from the furnace ceiling by Unistrut® channels (See
Figure A6 in Appendix A). The junction box supports will be directly protected with a
ceramic fiber blanket separately from the box.> (Note: The junction box supports are not
considered as part of this test and will not be instrumented; however any failure in their
performance during the test will be noted and investigated as deemed appropriate.) Two
wrapped cable bundles (one with air gap, the other without) will be dropped through the
top of the furnace and looped in the furnace and routed back up through the test deck
(See figure A9 in Appendix A).

3.4.3 Test#3

The final test will be conducted on ten test specimens, all of which will be wrapped with
the M.T. 3-hour rated ERFBS without any framework to provide air gaps between the

wrap and raceway. The nominal thickness of the M.T. ERFBS will be approximately

% The junction box supports were protected with 50-mm (2”) thick raw ceramic fiber blankets (not Hemyc)
in Test #2 and kept thermally isolated from the box.

15
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133 mm (5% in) for the cable drop. The nominal M.T. thickness for conduits and

junction boxes will be 95 mm (3% in).

Figure 4 shows a possible configuration of the test specimens in the furnace during Test

3. The test specimens protected with M. T. during Test #3 will include:

e A 103-mm (4 in) conduit without additional cables,
e A 103-mm (4 in) conduit loaded with the maximum fill (30%) of cables,
e A 27-mm (1 in) conduit and condolet LB assembly without cables,

e A 27-mm (1 in) conduit and condolet LB assembly with additional cables
(30% fill),

e A 63-mm (2% in) conduit and condolet LB assembly with no cables,

e A 63-mm (2% in) conduit and condolet LB assembly with cables (30% fill),
e A small cable drop loop,

e A partially protected Unistrut® support assembly,

e A partially protected 5 cm x 5 cm (2” x 2”) square steel tube support
assembly, and

e A46cm X 61cm X 20cm (18" x 24" x 8") junction box

As in the other two tests, the conduit assemblies will be supported from the furnace
ceiling in a modified “U” configuration. The metal deck of the test specimens will be
adequately insulated to prevent interaction with the portion of the test specimens located
outside the furnace and to protect the metal deck from structural failure during the 3-hour
test. Each conduit will include one sharp 90-degree transition from the horizontal span to
one of the vertical legs and a radius bend will be used for the other transition. A condolet
fitting will be employed to provide the right angle turn. The two vertical runs of these
test articles will be approximately 0.9 m (36 in) along each leg inside the furnace and the
horizontal run will be approximately 1.5 m (60 in) (See Figures Al, A2, and A3 in
Appendix A). The ERFBS will completely cover the test specimens within the furnace
and extend through the test deck for a distance of 15 to 30 cm (6 — 12 in) above the test
deck (See Figure A19 in Appendix A). All raceway supports shall be outside the furnace
and shall not interfere with the ERFBS during testing.

16
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Test #3 Configuration Layout
Test Specimens Direct Wrap with M.T.

3A - 103 mm (4") Conduit (0% Fill)  3F - 27 mm (1") Conduit (30% Fill)
3B - 103 mm (4") Conduit (30% Fill) 36 - Unistrut Support Structure
3C - 63 mm (2%") Conduit (0% Fill) 3H-5cm X5 cm (2" X 2") Steel Support Structure 73766-0003
3D - 63 mm (23") Conduit (30% Fill) 3I-46 cm X 61 cm X 20 cm (18" X 24" X 8") J-Box Rev. 06
3E - 27 mm (1") Conduit (0% Fill) 3J - #8 AWG Bare Copper Wire Dro :

PP P 03/31/2005

Figure 4.  Example of Test Specimen Layout during Test #3 (M.T., Direct Wrap Configurations).

17



Page 36

Hemyc and M.T. ERFBS Test Plan, Rev. M 04/06/05

An M.T. ERFBS will be directly attached to the support structure analogs such that 30
cm (12 in) of their horizontal sections are exposed to the furnace environment. The
junction box will be suspended from the test deck by Unistrut support members and

protected with M.T. through direct attachment (See figure A6 in Appendix A).

The vertical run of the Unistrut will be approximately 0.9 m (36 in) within the furnace

and the horizontal run will be 0.6 m (24 in) (See figure A8 in Appendix A).

The vertical run of the 5 cm x 5 cm (2 in. x 2 in) tube steel will be 0.9 m (36 in) in the

furnace and the horizontal run will be 0.6 m (24 in) (See figure A7 in Appendix A).

One wrapped cable bundle will be dropped through the top of the furnace and looped in
the furnace and routed back up through the test deck (See figure A9 in Appendix A).

3.5 Conduct of Tests

Each of the primary test runs will be conducted by exposing the test specimens to the
time-temperature curve (Fig. 1) as specified in ASTM E 119, Standard Test Methods for
Fire Tests of Building Construction and Materials. By this method, the temperature
inside the furnace should reach 927 C (1700 F) at the end of the one-hour tests and
1052 C (1925 F) at the end of the 3-hour test. Figure 1 shows the desired temperature
profile as a function of time. The time-temperature curve shall be maintained within the
limits established in ASTM E 119.

Upon completion of each ASTM E 119 temperature run (one-hour and three-hours), the
complete test assembly will be removed from the furnace and a hose stream will be
applied to all of the test articles. The hose stream test will consist of a water stream
applied at random to all exposed surfaces of the test specimens through a 38-mm (1% in)
fog nozzle set at a discharge angle of 15 degrees with a nozzle pressure of 517 kPa

(75 psi) at a minimum discharge rate of 284 Ipm (75 gpm) with the tip of the nozzle at a

18
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maximum distance of 3 m (10 ft) from the test specimen. The hose stream application

will be continued for at least 5 minutes upon completion of the test.

A visual inspection of all test articles will be conducted following the hose stream test.
The purpose of the inspection will be to ascertain whether the ERFBS remained intact
during the fire exposure and the cooling and mechanical impact of the hose stream test
without developing any openings or breaches. Visible indications of an opening will
include obvious tears or displacement of a barrier section or a view of the covered

raceway through the fire barrier.

Photographs and video of the test specimens, both prior to and after disassembly, will be

taken during the post-test inspection and recorded as part of the test documentation.
3.6 Instrumentation and Data Collection

The primary data to be generated in these tests will be component temperatures as
indicated by insulated 24-gage Type-K thermocouples (Special Limit 32 to 2282°F range
and 2°F or 0.4% tolerance value per ASTM E230-ANSI MC 96.1). The junction box
temperatures will be monitored using Type-K thermocouples sheathed in Inconel. These
thermocouples have been calibrated and certified to accuracies within 4°F of the
comparison standard over a temperature range of 70°F to 1000°F. Test #1 will require
the use of approximately 380 thermocouples to monitor the test specimen temperatures.
Test #2 will require about 335 thermocouples. Approximately 400 thermocouples will be
needed for Test #3. The outputs of the thermocouples will be sent to a computerized data
collection unit for recording and storage. Each thermocouple’s output will be recorded at
least once per minute. It is expected that Teflon-coated thermocouples will be used
during Test #3 to ensure that there will not be interference from any gases evolving from
the M.T. ERFBS.

Figures A10 through A18 in Appendix A show the preferred attachment locations of the
thermocouples on the test specimens. Routing the thermocouples for monitoring the tray

temperatures will be by laying the bundles in the tray at the entry point and branching the
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thermocouples off for mechanical attachment to the tray rails and bare copper conductor
at the appropriate locations (See figures A13 and A14 in Appendix A). Similarly, for the
cable drop thermocouples, the thermocouples will be bundled with the cable drop cables
at the points of entrance and exit at the ceiling of the furnace and branching off the
thermocouples for attachment to the bare copper conductor wire at 150-mm (6 in)

spacing intervals (See figure A18 in Appendix A).

Each conduit will have thermocouples mechanically fastened to the side or bottom
surface located along the outside perimeter of the “U” shape (See Figures A10, Al1l, and
Al12, in Appendix A). The routing of thermocouples for monitoring the temperature of
the conduit will require that a series of small thermocouple bundles be placed around the
circumference of the conduit and run to their individual attachment locations between the
conduit and ERFBS. In order to minimize the effect of these small bundles on the test
results, the conduit thermocouples will be run in underneath the ERFBS from both ends
of the test specimen. The bare copper wire routed through the interior of each conduit
test specimen will be instrumented with thermocouples installed with a maximum
spacing of 150-mm (6 in) along its length. The junction boxes and condolet fittings will
have at least one thermocouple attached to each side located at or as closely as possible to

the geometric center of the side walls.

Note that the thermocouple locations indicated in these figures are for information
purposes only. The thermocouples will be installed, except as noted, at 150-mm (6 in)
intervals along the conduits, cable tray rails, and bare #8 copper wires in accordance with
the guidance provided in Supplement 1 to Generic Letter (GL) 86-10. The instrumented
bare #8 copper wire will be embedded within the copper wire bundles of the “loaded”
raceways to protect the thermocouples from physical damage when the bundles are
pulled through the raceways. Thermocouples will be attached to the raceway vertical
legs located 25-mm (1 in) above the top of the test deck and 25-mm (1 in) below the

exposed surface of the insulation on the bottom of the test deck.
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3.7 Follow-on Tests

The decision to plan and conduct follow-on tests will be made by NRC (RES) on the

basis of the primary test results.

4 REPORTING AND DOCUMENTATION

For each test conducted, the testing laboratory shall produce a draft report within two
weeks of completion of the test. Each draft report (including electronic data and color
photographs) will be submitted to SNL for a one-week comment period. The draft report
will contain a summary of the thermocouple data and a simple analysis on the effects of
cable mass on ERFBS performance. Upon receipt of comments, the test laboratory shall
issue the final test report within two weeks to SNL. The final report shall contain all
thermocouple data (including plots and location maps), QA documentation and
construction drawings and ERFBS installation details. Thermocouple data plots will
include graphs of (1) each individual temperature monitored during the test, (2) graphs of
the average and maximum temperatures recorded for each test specimen exterior surface
as a function of time, and (3) graphs of the average and maximum temperatures recorded
for each test specimen instrumented bare #8 conductor as a function of time. SNL shall
review the final report for accuracy and transmit the complete laboratory report to NRC
(RES) within one week.

The test data will be analyzed and the fire barrier performance will be evaluated based on

the acceptance criteria.

It should be recognized that the possibility exists that these test results may form the
technical basis for broad acceptance of these fire protection systems by NRC, or provided

the basis for enforcement action or backfit requirements, as deemed appropriate.
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5 REFERENCES
10 CFR, Part 50, Appendix R, Fire Protection Program for Operating Nuclear Power

Plants.

Supplement 1 to Generic Letter 86-10, Fire Endurance Test Acceptance Criteria for Fire
Barrier Systems used to Separate Redundant Safe Shutdown Trains within the Same Fire
Area, March 25, 1994,

ASTM E 119 - 00a, Standard Test Methods for Fire Tests of Building Construction and

Materials.
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A Test Specimen Configuration Details and Thermocouple
Location Plan

These diagrams are not to scale and indicate test specimens assembly and thermocouple

installation details for illustrative purposes only.
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Appendix A: Test Specimen Configuration Details and Thermocouple Location Plan
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Figure Al: 27-mm (1-in) rigid metal conduit test specimens (side view with dimensions).
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Figure A2:

63-mm (2%-in) rigid metal conduit test specimens (side view with dimensions).
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Thermal Insulation
(10 cm [4 in.] for Test #1,
13 cm [5in.] for Test #3)

Figure A3:

‘ Metal Condulet-LB

e

103-mm (4”) RMC

103-mm (4-in) rigid metal conduit test specimens (side view with dimensions).
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THERMAL INSULATION
(10 cm [4-in.] for Test #2)

Figure A4:

305-mm (12") METAL
CABLE TRAY

METAL CABLE TRAY RISER

0.9m (36 in)

305-mm (12-in) cable tray test specimens (side view with dimensions). Cable trays will be ladder type, 18-gage galvanized steel with 10 cm

(4 in) high side rails and 23 cm (9 in) rung spacing.
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(10 cm [4-in.] for Test #2)

Figure A5:

914-mm (36") METAL
CABLE TRAY

METAL CABLE TRAY RISER

0.9m (36 in)

914-mm (36-in) cable tray test specimens (side view with dimensions). Cable trays will be ladder type, 18-gage galvanized steel with 10 cm

(4 in) high side rails and 23 cm (9 in) rung spacing.
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Junction box test specimens (front elevation view with dimensions).
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Figure A7: Tube steel support structure test specimens (side view with dimensions).
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Figure A8:

K
~
e
_ Q
Unistrut Channel g Thermal Insulation
Metal Test Deck | Qy (10 cm [4 in.] for Test #1,
: 13 cm [5in.] for Test #3)
Q
Ld
N
O
\J
&g
Unistrut Channel o\
Qo
. ] ‘/

<~ 06m(24in)~

Unistrut® support structure test specimens (side view with dimensions).
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Figure A9: Unsupported cable-drop test specimens (side view with dimensions).

A-11



Appendix A: Test Specimen Configuration Details and Thermocouple Location Plan

Thermocouple
located 25 mm (1-in
above top of Test
Deck

)

Page 52

Thermocouple
located 25 mm (1-in)
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intervals—to a bare #8 copper wire routed through conduit).

A-12

Thermocouple
located 25 mm (1-in)
below bottom of
insulation

Thermocouple placement on 27-mm (1-in) conduit test specimens (additional thermocouples to be attached—at 150-mm [6-in] spacing
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above top of Test
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Figure A11: Thermocouple placement on 63-mm (2%2-in) conduit test specimens (additional thermocouples to be attached—at 150-mm [6-in] spacing
intervals—to a bare #8 copper wire routed through conduit).
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Figure A12: Thermocouple placement on 103-mm (4-in) conduit test specimens (additional thermocouples to be attached—at 150-mm [6-in] spacing
intervals—to a bare #8 copper wire routed through conduit).
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located 25 mm (1-in)
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Figure A13: Thermocouple placement on 305-mm (12-in) cable tray test specimens (side view only, additional thermocouples to be attached at 150-mm

[6-in] spacing intervals on other side rail and to a bare #8 copper wire routed along the mid-axis of the tray on the bottom of the rungs).
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located 25 mm (1-in)
above top of Test
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Thermocouple
located 25 mm (1-in)

above top of Test
Deck
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located 25 mm (1-in) located 25 mm (1-in)
below bottom of < below bottom of
insulation insulation
15 ¢cm (6 in)
—y <
LA A A A LA A A A
Figure Al4: Thermocouple placement on 914-mm (36-in) cable tray test specimens (side view only, additional thermocouples to be attached at 150-mm

[6-in] spacing intervals on other side rail and to a bare #8 copper wire routed along the mid-axis of the tray on the bottom of the rungs).
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Figure A15: Thermocouple placement on junction box test specimen surfaces (no bare #8 copper conductor wire will be located inside the box and no
thermocouples will be used to monitor the status of the junction box supports).
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Figure A16: Thermocouple placement on tube steel support structure test specimens. (Note: ERFBS silhouette shown for reference only.)

A-18



Appendix A: Test Specimen Configuration Details and Thermocouple Location Plan

Thermocouple
located 25 mm (1-in)
above top of Test

Page 59

Deck
30 cm (12 in)
N
e
a5
— Thermocouple
. o located 25 mm (1-in)
7
7.6.cm(3in) —, below bottom of
— insulation
_1
4
_1
M. 30 cm (12") of
— 4 Structure exposed to
Y o furnace
<
_f
4
7/>
4
_f
4
:/> —
\) )
— 1R x & &
Figure A17: Thermocouple placement on Unistrut® channel support structure test specimens. (Note: ERFBS silhouette shown for reference only.)
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Figure A18: Thermocouple placement on unsupported cable drop test specimens.
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Figure A19: Detail of conduit test specimen direct attachment ERFBS extension through the test deck.
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Detail of cable tray test specimen direct attachment ERFBS extension through the test deck.
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CONSTRUCTION DRAWINGS



3D ISOMETRIC VIEW FROM BELOW

Note:

This view shows the separation and placement
of all raceways in Test #1. Support members
on the unexposed side of the deck are not

shown.

OMEGA POINT LABORATORIES, INC.
Project No. 14790-123263

SANDIA NATIONAL LABORATORIES

Fig. 1 Test 1 Assembly
Isometric View
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This view shows the dimensions of each
conduit system, regardless of diameter.
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Fig. 4 Test 1 Assembly
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Note:

The Unistrut supports for the junction box
were constructed to the dimensions
indicated. The bottom of the junction box
was located 45" below the under side of
the insulated deck.
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Note:

The Tube Steel Support Structure and
the Unistrut Support Structure were
both constucted as shown.

Note:

The Unistrut and 2"x2" tubing support
structure test specimens were constructed
to the dimensions indicated. The bottom
of the specimen was located 36" below
the under side of the insulated deck.

o4 Y (tube steel support structure
‘ only)
Flanges down
SIDE VIEW (Unistrut Support

Structure)
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Fig. 6 Test 1 Assembly
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Test #1 — Hemyc, Direct Attachment
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* Located on back of conduit body

Test Specimen 1A — Empty 103-mm (4-inch) conduit thermocouple locations and tag numbers.
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Test Specimen 1A — Empty 103-mm (4-inch) conduit thermocouple locations and tag numbers on bare #8 copper wire. Note: Some
uncertainty in exact thermocouple locations exists.
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* Located on back of conduit body

Test Specimen 1B — “Loaded” 103-mm (4-inch) conduit thermocouple locations and tag numbers.
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Test Specimen 1B — “Loaded” 103-mm (4-inch) conduit thermocouple locations and tag numbers on bare #8 copper wire. Note: Some
uncertainty in exact thermocouple locations exists.
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Thermocouples
located 2.5 cm (1-in)
above top of Test
Deck

193 s b 166
192 A Thermocouples K 167
\ located 2.5 cm (1-in)
N below bottom of
15 cm (6 /'/7) ot D. < insulation 'C 168
771903 L 5cm (2 in) C 169
Overlap Joints b
189 A 10
= < 111
185
187 N /
172
AN NNNT
™M N I o o 0 ~ © 0 <«
[ee] oo] [ee] [ee] N~ N~ ~ ~ ~ ~
— A — — — - 9 = ~ ™~

* Located on back of conduit body

Test Specimen 1C — Empty 63-mm (2%2-inch) conduit thermocouple locations and tag numbers.



Thermocouples
located 2.5 cm (1-in)
above top of Test
Deck

Page 77

218 . < 194
217 /\ Thermocouples \; 195
located 2.5 cm (1-in)
I below bottom of
. 216 D‘ P insulation C 196
15 ¢cm (6 in) < _
—x 215 ) 5cm (2in) < 197
Overlap Joints
214 o o 198
213 o < 199
212 a 200
L
m 2>

211 >

210

Test Specimen 1C — Empty 63-mm (2¥2-inch) conduit thermocouple locations and tag numbers on bare #8 copper wire. Note: Some
uncertainty in exact thermocouple locations exists.

(2]
o
N

208 by
207 e
206 by

Lo < ™
o o o
N N N

202
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Thermocouples
located 2.5 cm (1-in)
above top of Test
Deck

140 4 b 113
0 J \ Thermocouples L 114
located 2.5 cm (1-in)
B below bottom of
15 cm (6 //7) 18 D. insulation 'C 115
L D' L 15 cm (6 in) 'C 116
Collar Joints ———»
136 A 117
- D‘_ 118
133
o T /
119
&N
S cn & N Q L N ™ N —
15} N N N ~ o & Q 9 <
— A — — — - R S N N

* Located on back of conduit body

Test Specimen 1D — “Loaded” 63-mm (2%2-inch) conduit thermocouple locations and tag numbers.



Thermocouples
located 2.5 cm (1-in)
above top of Test
Deck

Page 79

165 141
164 J \ Thermocouples & 142
located 2.5 cm (1-in)
——163 » below bottom of 143
]5 cm (6 ”7) insulation C
— Y162 | 15cm (6in) < 144
Collar Joints
161 o 'C 145
160 L J < 146
159 147
TV e
<t ™ o — o
) L0 o) o) 0
— — — = =

158 >

N~ ©
Lo Lo
- -

Test Specimen 1D — “Loaded” 63-mm (2%2-inch) conduit thermocouple locations and tag numbers on bare #8 copper wire. Note: Some

uncertainty in exact thermocouple locations exists.

155 e

149



Thermocouples
located 2.5 cm (1-in)
above top of Test
Deck
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247 o b 219
R \ Thermocouples K 220
located 2.5 cm (1-in)
e below bottom of
15 cm (6 /7) 24 D‘ insulation C 221
/
Collar Joints >
243 A s
242 @ 224
241 4 — 225
257 AK__ 2%

236

L0 <
™ ™
N N

233 by

AN
™
N

231 by

o (e}
™ N
N N

* Located on back of conduit body

228 b

m 226
N~
N
N

Test Specimen 1E — Empty 27-mm (1-inch) conduit thermocouple locations and tag numbers.



Thermocouples
located 2.5 cm (1-in)
above top of Test
Deck

Page 81

273 s =248
A \ Thermocouples < 249
located 2.5 cm (1-in)
D below bottom of
15 cm (6 Iﬂ) o D. insulation 'C 250
- 2703 < 15cm (6 In) - 'C251
Collar Joints >
269 < 252
268 258
267 _» < 254
255
256

258 e
257 >

Test Specimen 1E — Empty 27-mm (1-inch) conduit thermocouple locations and tag numbers on bare #8 copper wire. Note: Some

uncertainty in exact thermocouple locations exists.



Thermocouples
located 2.5 cm (1-in)
above top of Test
Deck

Page 82

86 2 K 58
85 / \ Thermocouples N 29

located 2.5 cm (1-in)

below bottom of
. —5— 84 D‘ insulation C 60
15¢cm (6 in) _

—Y 83 A| « Scm (2 |r_1) L 6l

Overlap Joints
82 A o 62
81 ° < 63
B0 -

76 o .('<I 78
65

Lo
N~

* Located on back of conduit body

v /
&l NAANNNANNE

Test Specimen 1F — “Loaded” 27-mm (1-inch) conduit thermocouple locations and tag humbers.
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Thermocouples
located 2.5 cm (1-in)
above top of Test
Deck

< 87

Page 83

T = \

Thermocouples
located 2.5 cm (1-in)

< 88

below bottom of
15 (6 ., 77 110 D. insulation .C 89
cm n .
— 1109 A < 5cm (2 |n) K90
Overlap Joints >
108 b < 91
107 » x 92
106 » < 93
v
T
© 95
S g 8 8 8 8 g9 w9 ~ o
— = = — o S o

Test Specimen 1F — “Loaded” 27-mm (1-inch) conduit thermocouple locations and tag numbers on bare #8 copper wire. Note: Some
uncertainty in exact thermocouple locations exists.
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Thermocouple
located 2.5 cm (1-in)
above top of Test B
Deck 349 ] <>-
350 e
351 _ A Thermocouple
. 352 b located 2.5 cm (1-in)
76 cm (3 /ﬂ) I — below bottom of
353 Py : .
— insulation

354 L

355 |t

356 e 24 cm (9.5 in) of

— Structure exposed to

357 furnace

358 o

359 =

360

361}

362 D o
™ <0 Lj
© © ©O© O
Mmmmm

Test Specimen 1G — Unistrut support structure thermocouple locations and tag numbers.



Thermocouple
located 2.5 cm (1-in)
above top of Test
Deck

w
w
H
Y

(98}
8
N
[V
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7.6cm(3in) |

333
334 |
335 |
336
337
338
339
340
341
342
343
344

v
gy

Thermocouple
located 2.5 cm (1-in)
below bottom of
insulation

\

\

NCANA_NAA_ANA_N_N_A_N

25 cm (10 in) of
Structure exposed to
furnace

Y V V YV V VYV VYV VY VY Y

ol

345

Test Specimen 1H — 50 cm X 50 cm (2 in. X 2 in) tube steel support structure thermocouple locations and tag numbers.
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368 367

BACK

00 L

371 372 373
LEFT RIGHT

377 | <« | 379
378 | _» <« | 380

FRONT

ARANA

374 375 376

BOTTOM

SUPPORT
SUPPORT

] ]
369 370

Test Specimen 11 — Junction box thermocouple locations and tag numbers. Note: Back panel is
transparent in this figure to show correct orientation of thermocouple locations.
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Appendix D

TEST DATA



Temperature (°F)

Project No. 14790-123263

Sandia National Laboratories
Furnace Interior Temperatures

1750

Page 88

1500 -

1250 A

1000 A

750

500

250

E119 Std
Furnace Avg

0 10 20 30

Time (min)

40

60



Temperature (°F)
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Project No. 14790-123263

Sandia National Laboratories

Test Item #1A Conduit Steel

Minimum, Average & Maximum Temperatures

1200
1000 A
1A Conduit Min
— 1A Conduit Avg
— 1A Conduit Max
800 -
600 -
400
200 A
0 ' 1 ' 1 ' 1 ' 1 ' 1 '
0 10 20 30 40 50 60

Time (min)



Temperature (°F)

1000

Froject NO. 1479U-14£3409

Sandia National Laboratories

Page 90

Test Iltem #1A Bare #8 Copper Conductor

Minimum, Average & Maximum Temperatures

800 7

600

400

200

1A #8 Min
——— 1A #8Avg
——— 1A #8 Max

10 20

30

Time (min)

40

50

60



Temperature (°F)
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Project No. 14790-123263

Sandia National Laboratories

Test ltem #1B Conduit Steel

Minimum, Average & Maximum Temperatures

1000

8007 1B Conduit Min
— 1B Conduit Avg
— 1B Conduit Max

600 -

400

200 A

0 T T T T T

Time (min)




Temperature (°F)

Project No. 14790-123263
Sandia National Laboratories
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Test ltem #1B Bare #8 Copper Conductor
Minimum, Average & Maximum Temperatures

200
180
160
1401
1201
100

80

1B #8 Min
——— 1B #8Avg
——— 1B #8 Max

60

40 1

20 1

10 20 30

Time (min)

40

50



Temperature (°F)
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Project No. 14790-123263

Sandia National Laboratories

Test Iltem #1C Conduit Steel

Minimum, Average & Maximum Temperatures

1000

800 7

1C Conduit Min
— 1C Conduit Avg
— 1C Conduit Max

600

400

200

Time (min)



Temperature (°F)
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Project No. 14790-123263

Sandia National Laboratories

Test ltem #1C Bare #8 Copper Conductor
Minimum, Average & Maximum Temperatures

800
700 -
1C #8 Min
600 —— 1C#8Avg
— 1C #8 Max

500

400

300 7

200

100

Time (min)



Temperature (°F)

1200
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Project No. 14790-123263

Sandia National Laboratories

Test Item #1D Conduit Steel

Minimum, Average & Maximum Temperatures

1000

800

600

400

200

1D Conduit Min
— 1D Conduit Avg
— 1D Conduit Max

0 10 20 30 40 50

Time (min)

60



Temperature (°F)
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Project No. 14790-123263

Sandia National Laboratories

Item 1D Bare #8 Conductor

Minimum, Average & Maximum Temperatures

1200

1000

800 7

600

400 T

200

Iltem 1D Bare #8 Min
— ltem 1D Bare #8 Avg
— ltem 1D Bare #8 Max

10 20 30 40 50 60

Time (min)



Temperature (°F)
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Project No. 14790-123263

Sandia National Laboratories

Test ltem #1E Conduit Steel

Minimum, Average & Maximum Temperatures

1200

1000

1E Conduit Min
— 1E Conduit Avg
— 1E Conduit Max

800

600

400

200

Time (min)



Temperature (°F)
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Project No. 14790-123263

Sandia National Laboratories

Test Item #1E Bare #8 Copper Conductor
Minimum, Average & Maximum Temperatures

1200

1000

1E #8 Min
1E #8 Avg
———  1E #8 Max

800

600

400

200

Time (min)



Temperature (°F)
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Project No. 14790-123263

Sandia National Laboratories

Test Item #1F Conduit Steel

Minimum, Average & Maximum Temperatures

1500
1250 A
1F Conduit Min
— 1F Conduit Avg
— 1F Conduit Max
1000 A
750 -
500 A
250 -
0 T T T T T
0 10 20 30 40 50 60

Time (min)



Temperature (°F)
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Project No. 14790-123263

Sandia National Laboratories

Test Item #1F Bare #8 Copper Conductor
Minimum, Average & Maximum Temperatures

1200

1000

1F #8 Min
——— 1F#8 Avg
———  1F #8 Max

800

600

400

200

Time (min)




Temperature (°F)
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Project No. 14790-123263

Sandia National Laboratories

Test Iltem #1G Unistrut Steel

Minimum, Average & Maximum Temperatures

1200
1000 A
1G Unistrut Min
— 1G Unistrut Avg
— 1G Unistrut Max
800 -
600 -
400
200 A
0 T T T T T
0 10 20 30 40 50 60

Time (min)



Temperature (°F)
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Project No. 14790-123263
Sandia National Laboratories
Thermocouples on Unistrut Support

1200

—a— TC 360
—— TC 361 1] . .
1000 - — & — TG 362 1" from insulation edgex
TC 363
TC 364 4" from insulation edge
---------- TC 365
—— TC366

7" from insulation edge
800 -
Note:

1 This graph indicates that a minimum of

7" of Hemyc Insulation must be applied

500 to approach constant temperature.

400

200 1

0 10 20 30 40 50 60

Time (min)



Temperature (°F)
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Project No. 14790-123263

Sandia National Laboratories

Test Iltem #1H 2x2 Steel Support

Minimum, Average & Maximum Temperatures

1500

1250 A

1H 2x2 Min

— 1H 2x2 Avg

— 1H 2x2 Max
1000
750
500
250

0 ' 1 ' 1 ' 1 ' 1 ' 1 '
0 10 20 30 40 50 60

Time (min)



Temperature (°F)
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Project No. 14790-123263
Sandia National Laboratories
Item 1H 2x2 Steel Support Temperature Profile

1500

——— TC 340
—e— TC3#1
—o— TC342

TC 343 n ; ;
TG 344 4" from insulation edge

—O—— TC 345

————— TC 346

1" from insulation edge
1250

7" from insulation edge

1000

750

500 A

250

0 10 20 30 40 50 60

Time (min)



Temperature (°F)

Project No. 14790-123263
Sandia National Laboratories
Test ltem #11 Junction Box Steel

Minimum, Average & Maximum Temperatures
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2000

1750 -

1500 -

1250 A

1000 -

750 7

500 T

250

11 JB Min

—— 11JBAvg
— 11JB Max

10 20 30 40

Time (min)

50

60



Temperature (F)

1300

Test Specimen 1A

4-inch Empty Conduit

1200
1100
1000
900
800
700 +
600

TC #274
TC #277
—+—TC #280
TC #283
—»— TC #286
TC #289
TC #292
—»—TC #295
—+—TC #298
—— TC #301
—»— TC #304

—m—TC #275
—*%—TC #278
TC #281
TC #284
TC #287
—=—TC #290
TC #293
—*— TC #296
—=—TC #299
—m—TC #302

TC #276
TC #279
———TC #282
TC #285
TC #288
TC #291
TC #294
TC #297
——TC #300
—A&— TC #303

500

400
300

200

100

Time (min)
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Temperature (F)

1000

900

800

700

600

500

400

300

200

100

—o—TC #305
—»—TC #308
——TC #311

TC #314
—*—TC #317
~ TC#320
—o—TC #323
—»—TC #326

—+—TC #329

—m—TC #306
—*—TC #309
—=—TC#312

TC #315
- TC#318
——TC #321
— - TC#324
—*%—TC #327
—=—TC #330

15 20

Test Specimen 1A - Bare #8

4-inch Empty Conduit

TC #307
—o—~TC#310
———TC#313

TC #316
—0—TC#319
—=—TC #322
—A—TC #325
—0—TC #328

25 30

Time (min)

35

40

45

50

95

60

65
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Temperature (F)

1000

Test Specimen 1B

4-inch Loaded Conduit

900

800

700 +

600

500

400 |

TC #1
TC #4
——TC#7
TC #10
—»x—TC #13
TC #16
TC #19
—»x—TC #22
—+—TC #25
—o— TC #28

—»—TC #31

—m—TC #2 TC#3
—*—TC#5 TC #6
TC#8 ——TCH#9
TC #11 TC #12
TC #14 TC#15
——TC #17 TC #18
TC #20 TC #21
—*—TC #23 TC #24
——TC#26 ——TCH#27

—m—TC#29 —a—TC#30

300

200

100

Time (min)

65
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400

350

300

Temperature (F)
N N
o (&)
o o

-
(&)
o

100

50

—o—TC #32
——TC #35
—+—TC #38

TC #41
—%—TC #44
-~ TC#47
—o—TC #50
—»—TC #53

—+—TC #56

—m—TC #33
—*%— TC #36
———TC #39

TC #42
— - TC #45
—=—TC #48
~——TC #51
—*—TC #54

—=—TC #57

10 15

Test Specimen 1B - Bare #8
4-inch Loaded Conduit

TC #34
—o—~TC#37
———TC #40

TC #43
— o TC#46
———TC #49
—4—TC #52
—o—TC #55

20 25

30 35

Time (min)

40

45

50

95

60

65
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Temperature (F)

Test Speciment 1C
2 1/2-inch Empty Conduit

1000
TC#166 —m—TC #167 TC #168
900 - TC#169 —*—TC#170 TC #171
——TC #172 TC #173 TC #174
800 - TC #175 TC #176 TC #177
—%—TC #178 TC #179 TC #180
700 - TC #181 ——— TC #182 TC #183
TC #184 TC #185 TC #186
600 + . TC#187 —%—TC #188 TC #189
——TC#190 ——TC#191 ——TC#192
500
—e— TC #193
400
300
200 '.,p' - x‘x;x;**'
R AR AR X gy
A -’-.x-;;x—x’x, -
AT D SR e ' oo 004 i <
100 e e S S S PR
0 I I I I I I I I I I I
0 5 10 15 20 25 30 35 40 45 50 55 60

Time (min)

65
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Temperature (F)

Page 111

Test Speciment 1C - Bare #8

2 1/2-inch Empty Conduit
800

—o—TC#194 —=w—TC#195 TC #196

700 |11 ¢ TC#197 —%—TC#198 = TC#199

—+—TC#200 -~ TC#201 ——TC #202

600 TC #203 TC #204 TC #205

—*—TC#206 — TC#207 - TC#208

(o)
o
o

- TC#209 ——TC#210 ———TC#211
—+-TC#212 = TC#213 —» TC#214
400 1 o tcH2ts —w-TCH2M6 e TCH217
——TC #218
300
200
100
0

Time (min)



Temperature (F)
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Test Specimen 1D
2 1/2-inch Loaded Conduit

1300
1200 |- TC#113 —=—TC #114 TC #115
TC#116 —%—TC #117 TC #118 X@(X
1100 +
—+—TC #119 TC #120 TC #121 /
1000 +
TC #122 TC #123 TC #124 //
900 - TC #125 TC #126 TC #127 /(
800 + TC#128 ——TC #129 TC #130 /
700 | TC #131 TC #132 TC #133
600 L — TC#134 —x—TC#135 TC #136 /
——TC#137 ——TC#138 ———TC#139 //(
500 +
—e—TC #140 //
400 -
300
200
100 ,..‘.‘»«><“”\"“\7\,
0 -

Time (min)



500

450

400

350

w
o
o

Temperature (F)
N
(&)
o

—o—TC#141

—¢—TC #144

—+—TC #147

TC #150

—*—TC #153

-~ TC#156

—o—TC#159

—»—TC #162

—+—TC #165

—m—TC #142

—*%—TC #145

—=—TC#148

TC #151

—TC#154

——TC #157

——TC#160

—*%—TC #163

15 20

TC #143
—o—-TC#146
———TC #149

TC #152
—©—~TC#155
———TC #158
—A—TC#161

—o—TC#164

25 30

Time (min)

35

40

Test Speciment 1D - Bare #8
2 1/2-inch Loaded Conduit

45

50

95

60

65
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Temperature (F)

Test Specimen 1E

1-inch Empty Conduit

1300
1200 | TC#219 —m— TC #220 TC #221
TC #222 —x—TC #223 TC #224
1100 -
—+—TC #225 TC #226 TC #227
1000 - TC #228 TC #229 TC #230
900 || —¢ TC #231 TC #232 TC #233
TC #234 ——TC#235 TC #236
800
TC #237 TC #238 TC #239
700 1 . TC #240 —»— TC #241 TC #242
600 | ——TC#243 ——TC#244 —=—TC #245
500 | | —*—TC#246 —=—TC#247
400
300
200
100
0 I I I I I I I I I I I I I
0 5 10 15 20 25 30 35 40 45 50 55 60

Time (min)

Page 114



Temperature (F)

1100

1000

900

800

700

600

500

400

300

200

100

—o—TC #248

—»—TC #251

—+—TC #254

TC #257

—»—TC #260

TC #263

—o—TC #266

—»—TC #269

—+—TC #272

—m—TC #249

—*— TC #252

—=—TC #255

TC #258

—— TC #261

——TC #264

— 1 TC #267

—x—TC #270

——TC #273

Test Specimen 1E - Bare #8

1-inch Empty Conduit

TC #250
—©—TC #253
———TC #256

TC #259
—o—TC #262
———TC #265
—A—TC #268

—o—TC#271

25 30

Time (min)

35

40

45

50

95

60

65
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Test Specimen 1F
1-inch Loaded Conduit

1600

1500

1400 -
1300 -
1200 -
1100 -
1000 -
900 -
800 -
700 -
600

TC #58
TC #61
—+—TC #64
TC #67
—*—TC #70
TC #73
TC #76
—*—TC #79
—+—TC #82
—o— TC #85

—=—TC #59
—*— TC #62
TC #65
TC #68
TC #71
——TC #74
TC #77
—x—TC #80
——TC #83
—=—TC #86

TC #60
TC #63
TC #66
TC #69
TC #72
TC #75
TC #78
TC #81
—— TC #84

Temperature (F)

500

400
300

200

100

Time (min)
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Temperature (F)

1300
1200
1100
1000
900
800
700
600
500
400
300
200
100

—o—TC #87

——TC #90

—+—TC #93

TC #96

—»—TC #99

TC #102

—o—TC#105

—»—TC #108

——TC#111

—m—TC #88
—*— TC #91
—=—TC#94
TC #97
——TC#100
——TC #103
— 1 TC#106
—*—TC #109

——TC #112

15 20

TC #89
—o—-TC#92
———TC #95

TC #98
—o—~TC#101
———TC#104
—A—TC#107

—o—TC#110

25 30

Time (min)

35

40

Test Specimen 1F - Bare #8
1-inch Loaded Conduit

45

50

95

60

65

Page 117



Temperature (F)

1200
1100
1000
900
800
700
600
500
400
300
200
100

—o—TC #349

TC #351
—*— TC #353
—+—TC #355
—=—TC #357

TC #359
—»—TC #361
—©—TC #363

—=—TC #365

—m—TC #350
——TC #352
—0—TC #354
—=—TC #356

TC #358

TC #360
— TC #362
~ TC#364
—=—TC #366

Test Specimen 1G
Unistrut Support Structure

30 35

Time (min)

40

45

50

95

60

65
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Temperature (F)

1500
1400
1300
1200
1100
1000
900
800
700
600
500
400
300
200

—o—TC #331

TC #333
—*%—TC #335
—+—TC #337
———TC #339

TC #341
—*—TC #343
— 0~ TC #345

—=—TC #347

100

2"X2" Tube Steel Support Structure

—m—TC #332
—»—TC #334
—0—~TC #336
—=—TC #338

TC #340

TC #342
- TC#344
~ TC#346
———TC #348

Test Speciment 1H

30 35

Time (min)

40

45

50

95

60

65
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Temperature (F)

Test Specimen 1l
Junction Box

30 35

Time (min)

40

— TC#367

—m—TC #369

—»—TC #371

—0—~TC#373
——=—TC#375
TC #377

TC #379

45 50

—o—TC #368

TC #370

—*%—TC #372

—+—TC #374

———TC #376

TC #378

—»—TC #380

55 60

65
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ltem 1A ltem 1A ltem 1A ltem 1A ltem 1A ltem 1A ltem 1B
Empty Empty Empty Empty Empty Empty Loaded
4" Conduit 4" Conduit 4" Conduit 4" Conduit 4" Conduit 4" Conduit 4" Conduit

Steel Steel Steel Bare #8 Bare #8 Bare #8 Steel

Time Min Avg Max Min Avg Max Min
(min) (°F) (°F) (°F) (°F) (°F) (°F) (°F)
0 61 63 64 61 63 65 63
1 61 63 64 61 63 65 63
2 61 64 64 61 63 65 63
3 61 64 70 61 64 65 63
4 61 65 77 61 64 65 63
5 61 67 82 61 64 65 63
6 61 68 88 61 64 66 63
7 61 70 93 62 65 67 63
8 61 71 97 62 65 68 63
9 61 73 102 62 66 69 63
10 61 75 108 62 67 71 63
1 61 77 115 62 68 73 63
12 61 79 122 62 69 75 63
13 61 81 129 62 70 77 63
14 61 84 136 62 71 79 63
15 61 87 145 63 73 82 63
16 63 91 153 63 75 85 63
17 63 94 160 63 77 89 63
18 63 98 167 64 79 92 63
19 63 102 174 64 82 96 63
20 63 107 180 65 85 101 63
21 63 112 189 65 88 105 63
22 64 117 201 66 91 110 64
23 64 123 217 67 95 116 64
24 64 129 234 68 99 121 64
25 66 135 253 70 103 127 64
26 66 141 273 71 108 133 64
27 68 146 291 72 112 139 64
28 68 152 309 74 117 145 66
29 70 159 327 76 122 152 66
30 70 165 345 77 127 159 66
31 72 171 361 79 132 166 68
32 72 177 378 81 137 173 68
33 73 183 394 82 142 180 68
34 75 189 408 84 147 188 68
35 77 195 421 86 153 196 70
36 77 202 435 87 158 205 70
37 79 208 448 89 163 216 72
38 81 215 460 91 169 228 72
39 82 223 487 94 175 241 73
40 84 230 522 94 181 254 73
41 86 238 549 97 188 269 75
42 88 247 579 97 194 286 75
43 88 255 612 101 201 303 77
44 90 264 648 105 209 322 77
45 91 273 684 107 217 342 79
46 93 282 721 105 225 365 81

47 95 292 756 110 234 390 81
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ltem 1A ltem 1A ltem 1A ltem 1A ltem 1A ltem 1A ltem 1B
Empty Empty Empty Empty Empty Empty Loaded
4" Conduit 4" Conduit 4" Conduit 4" Conduit 4" Conduit 4" Conduit 4" Conduit

Steel Steel Steel Bare #8 Bare #8 Bare #8 Steel

Time Min Avg Max Min Avg Max Min
(min) (°F) (°F) (°F) (°F) (°F) (°F) (°F)
48 97 302 792 110 243 418 82

49 100 313 829 112 253 449 82

50 102 323 869 115 264 484 84

51 104 334 903 116 275 520 86

52 106 345 941 119 286 556 86

53 108 356 973 121 298 594 88

54 109 368 1008 126 311 632 90

55 111 379 1038 126 323 668 91

56 115 391 1067 130 336 704 91

57 117 402 1096 131 349 741 93

58 118 414 1123 140 362 782 95

59 122 426 1150 139 376 824 97

60 124 438 1171 143 389 865 97
Max Temp: 124 438 1171 143 389 865 97

Max Allowed: 386 313 389 386 313 390 388
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Item 1B Item 1B ltem 1B ltem 1B ltem 1B Item 1C Item 1C
Loaded Loaded Loaded Loaded Loaded Empty Empty

4" Conduit 4" Conduit 4" Conduit 4" Conduit 4" Conduit 2.5" Conduit 2.5" Conduit
Steel Steel Bare #8 Bare #8 Bare #8 Steel Steel

Time Avg Max Min Avg Max Min Avg
(min) (°F) (°F) (°F) (°F) (°F) (°F) (°F)
0 64 66 63 64 66 61 63
1 64 66 63 64 66 61 63
2 64 68 63 64 66 61 63
3 65 70 63 64 66 61 64
4 66 72 63 64 66 61 64
5 67 73 63 64 66 61 65
6 67 75 63 64 66 61 67
7 68 77 63 64 66 61 68
8 69 79 63 64 66 61 70
9 69 79 63 64 66 61 71
10 70 81 63 65 66 61 73
1 71 84 63 64 66 61 74
12 72 86 63 65 66 61 76
13 73 90 63 65 66 61 79
14 74 93 63 65 66 61 81
15 76 99 63 65 66 61 85
16 77 102 63 65 68 61 88
17 79 108 63 65 68 61 91
18 82 113 63 65 68 61 95
19 84 118 64 66 68 61 99
20 87 122 64 66 68 63 104
21 90 126 63 66 68 63 109
22 94 131 64 67 70 63 115
23 97 136 64 67 70 63 119
24 100 142 64 67 70 63 125
25 104 147 64 68 72 64 131
26 108 153 64 69 72 64 136
27 112 158 64 69 73 64 142
28 116 165 64 70 73 66 147
29 120 172 64 70 75 66 153
30 125 180 64 71 77 68 158
31 130 187 64 72 79 68 164
32 134 194 64 73 79 68 169
33 139 201 66 74 81 70 174
34 143 208 66 75 82 72 180
35 148 219 66 76 84 72 185
36 153 230 66 77 86 73 191
37 159 248 66 79 88 75 198
38 165 275 66 80 91 75 205
39 170 298 66 82 93 77 213
40 176 324 66 83 95 79 221
41 182 349 68 85 99 79 230
42 189 376 68 86 100 81 239
43 196 401 68 88 104 82 249
44 203 432 68 90 106 84 259
45 210 460 68 91 109 86 271
46 217 493 68 94 113 88 282

47 225 527 68 96 117 90 294
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Item 1B Item 1B ltem 1B ltem 1B ltem 1B Item 1C Item 1C
Loaded Loaded Loaded Loaded Loaded Empty Empty
4" Conduit 4" Conduit 4" Conduit 4" Conduit 4" Conduit 2.5" Conduit 2.5" Conduit
Steel Steel Bare #8 Bare #8 Bare #8 Steel Steel
Time Avg Max Min Avg Max Min Avg
(min) (°F) (°F) (°F) (°F) (°F) (°F) (°F)
48 233 559 68 98 120 90 307
49 242 595 68 100 124 91 320
50 250 630 68 103 127 93 334
51 259 662 68 106 133 95 347
52 268 694 68 108 138 97 361
53 277 725 68 111 144 100 376
54 286 754 68 114 151 102 390
55 294 781 68 118 158 104 405
56 303 808 68 121 165 106 420
57 313 833 70 125 172 108 435
58 322 856 68 129 181 111 451
59 330 882 70 133 190 113 466
60 339 903 70 137 199 115 482
Max Temp: 339 903 70 137 199 115 482

Max Allowed: 314 391 388 314 391 386 313
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Item 1C Item 1C Item 1C Item 1C Item 1D Item 1D
Empty Empty Empty Empty Loaded Loaded
2.5" Conduit 2.5" Conduit 2.5" Conduit 2.5" Conduit 2.5" Conduit 2.5" Conduit
Steel Bare #8 Bare #8 Bare #8 Steel Steel
Time Max Min Avg Max Min Avg
(min) (°F) (°F) (°F) (°F) (°F) (°F)
0 64 61 63 64 61 63
1 64 61 63 64 61 64
2 66 61 63 64 63 64
3 70 61 63 64 63 64
4 73 61 63 64 63 66
5 79 61 63 64 63 67
6 79 61 63 64 63 68
7 84 61 64 66 63 69
8 86 61 64 68 63 70
9 88 61 65 68 63 72
10 91 61 66 70 63 72
11 95 61 67 72 63 74
12 99 61 69 73 63 76
13 102 61 70 75 63 78
14 106 61 71 79 63 80
15 111 61 73 81 63 82
16 115 61 75 84 63 85
17 120 61 77 88 63 88
18 131 61 79 91 63 91
19 140 61 82 95 63 95
20 149 63 85 100 63 99
21 156 63 89 106 63 103
22 163 63 92 111 64 108
23 169 63 96 117 64 113
24 176 64 100 124 64 118
25 181 64 105 129 64 123
26 187 64 109 135 64 128
27 194 66 114 142 66 132
28 203 66 119 147 66 137
29 214 68 124 153 66 142
30 226 68 128 158 68 147
31 237 70 134 163 68 152
32 250 72 138 169 68 157
33 262 72 143 174 70 162
34 277 73 148 180 70 167
35 293 75 153 187 72 172
36 311 77 158 196 72 178
37 327 79 163 205 73 183
38 342 81 170 216 73 190
39 358 81 176 226 75 196
40 376 82 182 239 75 203
41 396 84 190 252 77 210
42 419 86 197 266 79 218
43 441 88 206 282 79 226
44 464 90 215 298 81 236
45 489 91 225 316 82 246
46 516 93 235 334 84 256

47 541 95 246 354 84 267
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Item 1C Item 1C Item 1C Item 1C Item 1D Item 1D
Empty Empty Empty Empty Loaded Loaded
2.5" Conduit 2.5" Conduit 2.5" Conduit 2.5" Conduit 2.5" Conduit 2.5" Conduit
Steel Bare #8 Bare #8 Bare #8 Steel Steel
Time Max Min Avg Max Min Avg
(min) (°F) (°F) (°F) (°F) (°F) (°F)
48 568 99 258 374 86 277
49 597 100 270 396 88 289
50 628 102 283 417 90 300
51 662 106 296 441 91 312
52 694 108 310 468 93 324
53 725 111 325 495 93 336
54 756 113 341 527 95 347
55 786 117 358 558 97 359
56 817 118 374 588 99 370
57 846 122 391 617 100 380
58 874 126 408 648 102 391
59 905 129 425 678 104 402
60 934 133 442 709 108 412
Max Temp: 934 133 442 709 108 412

Max Allowed: 389 386 313 389 386 313
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Item 1D Item 1D Item 1D Item 1D Item 1E Item 1E Item 1E
Loaded Loaded Loaded Loaded Empty Empty Empty
2.5" Conduit 2.5" Conduit 2.5" Conduit 2.5" Conduit 1" Conduit 1" Conduit 1" Conduit
Steel Bare #8 Bare #8 Bare #8 Steel Steel Steel
Time Max Min Avg Max Min Avg Max
(min) (°F) (°F) (°F) (°F) (°F) (°F) (°F)
0 64 61 67 64 61 62 63
1 64 61 67 64 61 62 63
2 64 61 67 64 61 62 63
3 72 61 67 72 61 62 63
4 79 61 67 79 61 63 64
5 82 61 67 82 61 64 66
6 84 61 67 84 61 64 70
7 88 61 68 88 61 65 72
8 90 61 68 90 61 67 75
9 93 61 68 93 61 68 77
10 97 61 69 97 61 70 79
11 102 61 69 102 61 72 82
12 108 63 70 108 61 73 86
13 115 63 70 115 61 76 91
14 120 63 71 120 61 78 95
15 127 63 71 127 63 81 100
16 136 63 72 136 63 84 106
17 144 63 73 144 63 88 111
18 151 63 73 151 63 92 118
19 158 63 74 158 63 97 126
20 165 63 76 165 63 102 133
21 172 63 77 172 63 108 140
22 183 63 78 183 64 113 147
23 192 63 80 192 64 119 153
24 203 63 81 203 64 125 158
25 212 63 83 212 64 130 163
26 223 63 85 223 64 135 169
27 234 64 87 234 66 140 172
28 244 64 90 244 66 145 178
29 255 64 92 255 66 150 183
30 266 64 95 266 68 154 190
31 279 64 98 279 68 159 199
32 289 64 101 289 68 163 208
33 300 66 103 300 70 168 219
34 309 66 106 309 70 173 232
35 320 66 110 320 72 178 243
36 331 66 113 331 72 185 255
37 354 68 116 354 73 192 273
38 387 68 119 387 75 202 291
39 421 68 123 421 75 212 313
40 459 70 127 459 77 224 333
41 496 70 130 496 79 236 356
42 540 70 134 540 79 249 381
43 586 72 139 586 81 263 406
44 637 72 144 637 82 279 433
45 691 73 149 691 82 295 462
46 741 73 154 741 84 312 491

47 788 75 160 788 86 331 522
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Item 1D Item 1D Item 1D Item 1D Item 1E Item 1E Item 1E
Loaded Loaded Loaded Loaded Empty Empty Empty
2.5" Conduit 2.5" Conduit 2.5" Conduit 2.5" Conduit 1" Conduit 1" Conduit 1" Conduit
Steel Bare #8 Bare #8 Bare #8 Steel Steel Steel
Time Max Min Avg Max Min Avg Max
(min) (°F) (°F) (°F) (°F) (°F) (°F) (°F)
48 831 75 166 831 88 349 552
49 876 77 174 876 88 369 597
50 921 77 181 921 90 389 644
51 961 79 189 961 91 411 693
52 997 79 198 997 93 433 741
53 1027 81 207 1027 95 456 792
54 1056 81 217 1056 97 479 842
55 1080 82 227 1080 99 505 900
56 1099 84 238 1099 100 533 955
57 1117 84 249 1117 104 564 1011
58 1134 86 260 1134 106 601 1062
59 1150 88 272 1150 108 643 1108
60 1166 90 284 1166 109 694 1152
Max Temp: 1166 90 284 1166 109 694 1152

Max Allowed: 389 386 317 389 386 312 388
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ltem 1E ltem 1E ltem 1E Item 1F Item 1F Item 1F Item 1F
Empty Empty Empty Loaded Loaded Loaded Loaded

1" Conduit 1" Conduit 1" Conduit 1" Conduit 1" Conduit 1" Conduit 1" Conduit

Bare #8 Bare #8 Bare #8 Steel Steel Steel Bare #8

Time Min Avg Max Min Avg Max Min
(min) (°F) (°F) (°F) (°F) (°F) (°F) (°F)
0 61 62 63 61 62 63 61
1 61 62 63 61 63 64 61
2 61 62 63 61 63 64 61
3 61 62 63 61 63 64 61
4 61 62 63 61 63 64 61
5 61 62 63 61 64 68 61
6 61 63 64 61 64 68 61
7 61 63 64 61 65 70 61
8 61 64 66 61 66 72 61
9 61 64 68 61 68 73 61
10 61 65 70 61 69 75 61
1 61 67 72 61 71 79 61
12 63 68 73 61 72 81 61
13 63 69 77 61 74 84 61
14 63 70 79 61 76 88 61
15 63 72 82 61 78 91 63
16 63 74 84 61 81 95 63
17 63 76 88 63 83 100 63
18 63 79 91 63 87 104 63
19 63 82 97 63 91 111 63
20 64 85 102 63 96 120 63
21 64 89 109 63 101 129 63
22 64 93 115 63 106 136 63
23 64 98 122 64 111 144 64
24 64 102 129 64 116 153 64
25 66 107 135 64 121 165 64
26 66 112 142 64 127 180 64
27 66 117 147 66 132 196 66
28 68 122 151 66 138 214 66
29 68 127 156 68 144 234 66
30 70 131 160 68 149 257 68
31 70 135 165 68 154 286 68
32 72 140 169 70 160 315 68
33 73 144 174 72 166 349 70
34 73 148 180 72 172 383 72
35 75 152 187 73 179 424 72
36 75 157 194 75 187 471 73
37 77 162 203 75 196 518 73
38 79 168 214 77 206 565 75
39 81 175 226 79 218 615 77
40 82 182 241 81 232 669 77
41 82 191 257 82 246 723 79
42 84 201 277 84 262 777 81
43 86 213 297 86 280 817 82
44 88 225 320 88 304 869 84
45 90 238 343 90 333 925 86
46 91 254 372 91 369 981 88

47 93 270 403 93 406 1045 90
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ltem 1E ltem 1E ltem 1E Item 1F Item 1F Item 1F Item 1F
Empty Empty Empty Loaded Loaded Loaded Loaded

1" Conduit 1" Conduit 1" Conduit 1" Conduit 1" Conduit 1" Conduit 1" Conduit

Bare #8 Bare #8 Bare #8 Steel Steel Steel Bare #8

Time Min Avg Max Min Avg Max Min
(min) (°F) (°F) (°F) (°F) (°F) (°F) (°F)
48 95 288 437 97 442 1098 91

49 97 307 475 99 483 1144 95

50 100 328 513 100 523 1186 97

51 102 349 552 104 565 1227 99

52 104 371 592 106 605 1261 102

53 108 394 633 109 650 1297 104

54 109 417 673 113 693 1321 108
55 113 442 725 117 740 1346 111
56 115 468 788 120 788 1366 115
57 118 494 846 124 838 1386 118
58 122 522 905 127 890 1409 122

59 126 549 959 131 936 1434 126

60 129 577 1013 135 977 1458 129
Max Temp: 129 577 1013 135 977 1458 129

Max Allowed: 386 312 388 386 312 388 386
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Item 1F tem1F Item1G Item1G Iltem1G Htem1H Item1H Item 1H
Loaded Loaded Unistrut Unistrut Unistrut 2"x2" 2"x2" 2"x2"

1" Conduit 1" Conduit Support Support Support Support Support Support
Bare #8 Bare #8 Structure Structure Structure Structure Structure Structure

Time Avg Max Min Average Max Min Averag Max
(min) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F)
0 62 64 60 60 61 60 61 62
1 62 63 60 61 77 60 62 66
2 63 63 60 62 84 61 64 85
3 63 63 60 63 94 61 67 117
4 63 63 61 66 114 61 70 155
5 63 64 61 69 132 61 74 189
6 63 64 61 71 149 61 78 219
7 63 64 61 74 163 61 81 245
8 63 66 61 76 176 61 85 271
9 64 66 61 79 188 61 89 297
10 64 68 62 82 201 61 93 322
11 66 68 62 85 214 61 97 347
12 66 70 62 88 226 61 101 372
13 67 72 62 92 239 61 106 396
14 68 73 62 97 252 61 111 421
15 69 75 62 101 264 61 116 446
16 71 77 62 106 277 61 121 469
17 73 79 62 112 290 61 127 491
18 74 82 63 119 309 61 134 514
19 77 86 63 127 328 61 141 536
20 79 90 63 136 348 61 149 560
21 82 93 63 144 367 61 157 582
22 84 97 63 152 386 62 165 605
23 88 102 64 159 405 62 173 627
24 92 106 64 167 424 62 181 648
25 96 111 64 175 443 62 190 669
26 100 117 65 182 464 63 198 690
27 104 122 65 190 485 63 206 711
28 109 127 66 198 505 63 215 731
29 114 133 66 206 523 64 223 752
30 118 138 67 216 541 64 232 773
31 123 142 67 226 559 65 242 794
32 128 147 68 237 577 65 252 816
33 133 153 69 248 595 66 264 837
34 138 165 69 260 613 67 275 859
35 143 178 70 272 630 67 288 881
36 149 192 70 285 647 68 301 903
37 155 210 71 299 664 69 315 925
38 161 230 71 313 682 70 330 947
39 168 252 72 327 699 70 345 969
40 176 277 73 342 718 71 361 991
41 186 304 73 358 736 72 378 1012
42 196 333 74 374 755 73 396 1034
43 208 363 75 390 778 74 414 1056
44 221 397 76 408 802 75 432 1078
45 236 435 76 426 827 76 451 1099
46 253 478 77 444 851 77 471 1119

47 271 520 78 463 878 78 491 1139
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Item 1F tem1F Item1G Item1G Iltem1G Htem1H Item1H Item 1H
Loaded Loaded Unistrut Unistrut Unistrut 2"x2" 2"x2" 2"x2"

1" Conduit 1" Conduit Support Support Support Support Support Support
Bare #8 Bare #8 Structure Structure Structure Structure Structure Structure

Time Avg Max Min Average Max Min Averag Max
(min) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F)
48 291 567 79 481 901 80 512 1159
49 313 613 80 501 927 81 533 1178
50 336 660 81 520 954 82 555 1197
51 360 702 81 540 979 84 577 1215
52 386 745 82 560 997 85 599 1233
53 412 795 83 579 1013 87 621 1252
54 440 862 84 599 1025 89 643 1270
55 468 925 85 618 1035 90 665 1288
56 497 986 86 637 1044 92 687 1307
57 526 1040 87 656 1055 94 709 1325
58 559 1090 88 675 1065 96 731 1342
59 595 1135 89 692 1076 98 753 1359
60 635 1177 90 709 1087 100 775 1374
Max Temp: 635 1177 90 709 1087 100 775 1374

Max Allowed: 312 389 385 310 386 385 311 387
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Item 11 Item 11 Item 11
Junction Junction Junction
Box Box Box
Sides Sides Sides
Time Min Average Max
(min) (°F) (°F) (°F)
0 62 62 62
1 62 62 62
2 62 63 66
3 63 66 72
4 64 69 77
5 65 72 81
6 66 75 86
7 68 78 93
8 69 82 101
9 71 87 110
10 74 92 119
11 77 97 128
12 80 104 138
13 85 111 147
14 90 119 157
15 95 128 171
16 105 253 926
17 128 329 1172
18 159 379 1218
19 194 432 1251
20 231 484 1257
21 270 535 1252
22 319 658 1253
23 403 757 1296
24 499 829 1321
25 593 896 1328
26 685 965 1346
27 777 1029 1370
28 877 1086 1381
29 966 1141 1407
30 1031 1190 1427
31 1127 1240 1444
32 1187 1309 1463
33 1244 1351 1484

34 1296 1385 1498
35 1338 1413 1511
36 1365 1435 1524
37 1398 1460 1537
38 1433 1486 1551
39 1464 1507 1567
40 1489 1525 1576

41 1510 1542 1591
42 1531 1559 1601
43 1552 1574 1609
44 1571 1588 1615

45 1588 1604 1630
46 1606 1619 1638
47 1620 1633 1649
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Item 11 Item 11 Item 11
Junction Junction Junction
Box Box Box
Sides Sides Sides
Time Min Average Max
(min) (°F) (°F) (°F)

48 1633 1647 1665
49 1640 1658 1678
50 1644 1667 1689
51 1654 1676 1697
52 1658 1684 1706
53 1667 1692 1715
54 1671 1698 1720
55 1678 1704 1727
56 1683 1710 1733
57 1687 1716 1740
58 1693 1721 1746
59 1698 1726 1750
60 1702 1730 1754

Max Temp: 1702 1730 1754
Max Allowed: 387 312 387
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Time TC #1 TC #2 TC #3 TC #4 TC #5 TC #6 TC #7 TC #8 TC #9 TC #10 TC #11 TC #12
(min) (°F) (°F) (°F) CFA A (CF (F) (F) (F) (F) (F)  (°F)

0 63 63 64 64 64 64 66 64 64 66 64 64
1 63 63 64 64 64 64 64 66 66 66 64 64
2 63 63 64 64 64 64 66 68 66 66 66 64
3 63 64 64 64 64 66 68 70 66 66 66 66
4 63 64 64 64 66 68 70 72 66 66 66 66
5 63 64 64 64 68 70 72 73 68 68 68 66
6 63 64 64 66 68 72 73 73 68 68 68 68
7 63 64 66 66 70 72 75 75 70 70 70 68
8 63 64 66 66 70 73 77 77 72 70 70 70
9 63 64 66 68 72 75 79 79 73 72 72 72
10 63 64 66 68 72 77 81 79 73 72 72 72
11 63 64 66 68 73 79 82 82 75 73 73 72
12 63 64 68 68 75 82 86 84 77 73 73 73
13 63 64 68 70 75 84 90 86 79 75 75 73
14 63 64 68 70 79 88 93 90 79 77 77 75
15 63 66 70 72 81 91 97 91 82 79 79 77
16 63 66 70 72 82 95 100 95 84 81 81 79
17 63 66 72 73 86 99 104 99 86 82 82 82
18 63 68 73 75 90 102 109 102 90 84 86 86
19 64 70 75 77 91 108 115 106 93 86 88 90
20 64 70 77 79 95 1M 118 111 97 90 91 95
21 64 73 81 81 99 117 124 115 100 93 95 100
22 64 75 82 82 102 122 129 120 106 97 99 106
23 64 77 86 86 108 127 135 126 111 100 102 111
24 64 79 88 88 111 133 138 129 115 104 108 118
25 66 81 91 91 115 136 144 135 120 108 111 124
26 66 82 93 95 120 144 149 140 127 111 117 129
27 68 84 97 99 126 147 154 144 133 117 120 135
28 70 88 100 102 131 153 158 149 140 120 126 140
29 70 90 104 106 135 156 163 154 147 126 131 145
30 72 93 108 111 140 162 169 158 153 129 135 151
31 72 97 111 115 144 165 172 163 160 135 140 156
32 72 99 115 118 149 171 178 167 165 138 145 162
33 73 102 118 124 153 174 183 172 171 144 149 165
34 75 104 122 127 158 180 187 176 176 147 154 171
35 75 106 126 133 162 183 194 180 181 153 158 178
36 75 108 129 136 167 189 201 185 187 156 162 187
37 77 111 133 138 169 194 207 189 190 160 165 196
38 77 113 138 142 174 199 212 196 196 163 171 212
39 77 117 142 145 178 205 219 201 201 167 172 228
40 77 120 145 147 183 212 225 208 208 171 178 246
41 79 122 151 149 190 217 230 214 216 172 181 266
42 79 124 153 151 194 223 237 221 234 176 185 286
43 79 126 156 153 199 230 243 228 244 180 190 306
44 81 127 160 156 205 237 250 235 253 183 194 325
45 81 129 165 158 210 243 257 243 262 189 199 345
46 82 135 169 162 216 250 262 252 273 192 208 367
47 82 138 174 165 221 255 270 259 282 198 221 388
48 84 140 180 169 226 262 277 268 293 207 234 412
49 84 144 187 172 232 270 284 277 302 214 244 435
50 86 147 192 176 237 277 291 286 311 225 255 459

a
ety

86 151 199 181 244 284 298 295 322 235 268 482
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Time TC #1 TC #2 TC #3 TC #4 TC #5 TC #6 TC #7 TC #8 TC #9 TC #10 TC #11 TC #12
(min) (°F) (°F) (°F) CFA A (CF (F) (F) (F) (F) (F)  (°F)

52 88 154 207 189 252 291 307 302 331 246 280 507
53 90 158 214 198 257 298 315 311 342 257 291 531
54 91 162 221 205 266 306 322 320 352 266 304 554
55 93 167 230 214 271 315 331 329 361 277 316 576
56 95 171 237 223 280 322 338 338 372 288 331 597
57 97 176 246 230 288 331 347 347 381 298 343 619
58 100 180 253 239 295 338 356 356 392 309 356 639
59 100 183 261 248 302 345 363 365 401 318 370 660
60 102 189 268 257 309 354 372 374 410 329 383 680

Max Temp: 102 189 268 257 309 354 372 374 410 329 383 680
Max Allowed: 388 388 389 389 389 389 391 389 389 391 389 389
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Time TC #13 TC #14 TC #15 TC #16 TC #17 TC #18 TC #19 TC #20 TC #21 TC #22 TC #23
(min)  (°F)  (CF) (F CF)  (CF R CF) (A  (CF) (F) (°F

0 64 64 64 64 64 64 64 64 64 64 64
1 64 64 64 64 64 64 64 64 64 64 64
2 64 64 64 64 64 64 64 66 64 64 64
3 64 66 64 64 64 64 66 68 64 64 64
4 66 66 66 66 64 66 68 70 64 64 64
5 66 66 66 66 66 66 72 73 66 66 66
6 66 68 68 66 66 66 73 75 66 66 66
7 66 68 68 68 66 66 73 77 66 66 66
8 68 70 68 68 66 66 75 79 68 68 68
9 68 70 70 68 68 66 75 79 68 68 68
10 68 72 70 70 68 68 77 81 68 68 68
11 70 72 72 70 68 68 81 84 70 68 70
12 70 72 72 70 68 68 82 86 70 70 70
13 72 73 73 72 70 70 86 90 70 70 72
14 72 75 75 72 70 70 88 93 72 72 72
15 73 77 77 73 72 72 91 99 72 72 73
16 75 79 79 75 72 72 95 102 73 73 75
17 77 81 81 77 73 73 99 108 75 75 77
18 81 84 84 81 75 75 104 113 77 77 79
19 86 86 88 84 77 77 111 118 79 79 81
20 91 90 91 88 81 79 117 122 82 81 82
21 97 93 97 91 82 82 122 126 84 82 84
22 102 99 100 97 86 84 129 131 86 84 88
23 109 102 106 100 90 88 133 136 90 86 91
24 115 108 109 104 93 91 138 142 91 90 95
25 120 111 115 109 97 95 142 147 95 91 100
26 127 117 120 115 100 99 147 153 99 95 106
27 133 122 126 118 104 102 153 158 102 97 111
28 140 127 131 124 109 108 158 165 108 100 115
29 145 133 136 129 113 113 163 172 111 104 120
30 153 136 142 135 118 118 171 180 117 108 126
31 158 144 147 140 124 126 180 187 122 111 129
32 167 147 153 145 129 133 187 194 127 113 135
33 176 153 158 151 135 140 198 201 133 117 140
34 190 158 163 156 140 147 208 208 138 120 144
35 207 162 167 162 145 154 219 216 145 124 149
36 225 167 172 167 151 160 230 225 151 127 154
37 248 171 178 171 156 169 243 234 158 131 160
38 275 174 183 176 162 176 255 241 165 135 163
39 298 180 189 180 167 183 268 250 171 138 169
40 324 183 194 183 171 190 280 259 178 144 172
41 349 189 201 190 176 198 293 268 183 147 176
42 376 196 208 196 178 207 306 277 196 151 181
43 401 207 217 203 181 216 318 286 207 154 185
44 432 217 226 212 185 225 331 295 217 160 190
45 460 226 235 219 190 234 343 304 226 163 194
46 493 239 244 228 199 243 356 313 237 167 201
47 527 250 255 237 210 252 367 322 248 172 207
48 559 262 264 246 219 262 378 331 257 178 214
49 595 275 275 255 230 271 387 338 268 183 221
50 630 289 284 266 239 282 397 345 279 187 232

a
ety

662 302 295 275 248 291 408 354 289 192 241
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Time TC #13 TC #14 TC #15 TC #16 TC #17 TC #18 TC #19 TC #20 TC #21 TC #22 TC #23
(min)  (°F)  (CF) (F CF)  (CF R CF) (A  (CF) (F) (°F

52 694 318 306 286 257 302 419 361 300 198 252
53 725 333 316 297 266 313 428 369 311 203 261
54 754 349 327 306 277 322 439 376 322 210 270
55 781 363 340 316 286 333 448 383 333 216 279
56 808 379 351 327 295 343 459 392 345 221 288
57 833 396 363 338 306 354 468 399 356 226 297
58 856 412 374 349 316 365 477 405 369 234 306
59 882 428 387 360 325 376 486 412 381 239 313
60 903 444 399 370 336 387 495 419 392 246 322

Max Temp: 903 444 399 370 336 387 495 419 392 246 322
Max Allowed: 389 389 389 389 389 389 389 389 389 389 389
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Time TC #24 TC #25 TC #26 TC #27 TC #28 TC #29 TC #30 TC #31 TC #32 TC #33 TC #34
(min) (°F) (C°F) CF) CFH €A CAH (€A  (CF (F) (F)  (°F)

0 64 64 64 64 64 64 64 63 64 64 64

1 64 64 64 64 64 64 64 63 64 64 64

2 64 64 64 64 64 64 64 63 64 64 64

3 64 64 64 64 64 64 64 63 64 64 64

4 66 66 64 64 64 64 64 63 64 64 64

5 66 66 64 64 64 64 64 63 63 64 64

6 66 68 64 64 64 64 64 63 64 64 64

7 66 68 66 66 64 64 64 63 64 64 64

8 68 68 66 66 64 64 64 63 63 64 64

9 68 68 66 66 66 64 64 63 64 64 64
10 68 70 66 68 66 66 64 63 64 64 64
11 70 70 68 68 66 66 64 63 64 64 64
12 70 72 68 68 66 66 64 63 64 64 64
13 72 72 68 68 68 66 64 63 63 64 64
14 72 73 70 70 68 68 64 63 64 64 64
15 72 75 70 70 68 68 64 63 63 64 64
16 73 75 70 72 68 68 66 63 64 64 64
17 75 77 72 72 70 70 66 63 64 64 64
18 77 79 72 73 72 72 66 63 64 64 64
19 79 81 73 75 72 73 68 63 64 64 64
20 81 82 75 77 75 75 68 63 64 64 64
21 84 84 75 79 77 77 70 63 64 64 64
22 86 88 79 82 79 81 72 64 64 64 64
23 90 90 81 84 82 82 73 64 64 64 64
24 93 93 82 86 84 86 75 64 64 64 64
25 97 95 84 90 86 88 77 64 64 64 64
26 100 99 86 91 90 91 79 64 64 64 66
27 104 100 90 95 93 95 81 64 64 64 66
28 109 104 91 99 95 99 82 66 64 64 66
29 115 108 95 100 97 100 84 66 64 64 66
30 122 111 97 104 100 104 86 66 64 66 66
31 129 115 100 108 102 108 88 68 64 66 68
32 136 118 102 109 106 111 91 68 64 66 68
33 144 122 104 113 108 115 93 68 66 66 68
34 151 126 108 117 111 118 95 68 66 66 68
35 158 129 111 120 115 122 99 70 66 68 68
36 163 133 113 122 118 126 100 70 66 68 70
37 171 136 117 126 120 129 104 72 68 68 70
38 180 140 120 129 124 133 106 72 68 68 72
39 189 144 122 133 127 136 108 73 68 70 72
40 199 147 126 136 131 140 111 73 68 70 72
41 208 151 129 138 133 144 113 75 70 70 73
42 219 154 133 142 136 147 117 75 70 72 73
43 230 158 136 145 140 153 118 77 70 72 75
44 241 162 138 149 142 156 122 77 72 72 75
45 252 165 142 151 145 160 126 79 72 73 77
46 262 171 144 154 149 163 127 81 72 73 77
47 273 174 147 158 153 167 131 81 73 75 79
48 284 180 151 160 154 171 133 82 73 75 79
49 297 185 153 163 158 174 136 82 73 77 81
50 307 189 156 165 162 180 140 84 75 77 81

a
ety

318 196 158 169 165 183 144 86 75 79 82
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Time TC #24 TC #25 TC #26 TC #27 TC #28 TC #29 TC #30 TC #31 TC #32 TC #33 TC #34
(min) (°F) (C°F) CF) CFH €A CAH (€A  (CF (F) (F)  (°F)

52 331 203 162 172 169 187 145 86 77 79 84
53 342 208 163 176 174 192 149 88 77 81 84
54 352 216 167 180 178 196 153 90 79 81 86
55 365 221 169 183 183 201 156 91 79 82 88
56 376 226 171 189 189 205 160 91 81 84 90
57 388 234 174 194 194 210 163 93 81 84 91
58 401 239 178 198 201 216 167 95 82 86 91
59 412 246 181 203 208 221 169 97 84 88 93
60 423 252 185 210 217 226 172 97 84 90 95

Max Temp: 423 252 185 210 217 226 172 97 84 90 95
Max Allowed: 389 389 389 389 389 389 389 388 389 389 389
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Time TC #35 TC #36 TC #37 TC #38 TC #39 TC #40 TC #41 TC #42 TC #43 TC #44 TC #45

(min)  (°F)  (°F) (CF) (°F)  (CF) (A (F) (CF (°F)  (°F) (°F)

0 64 64 66 66 66 66 64 64 64 64 64

1 64 64 64 66 66 66 64 64 64 64 64

2 64 64 64 66 66 66 64 64 64 64 64

3 64 64 64 64 66 66 64 64 64 64 64

4 64 64 64 64 66 66 64 64 64 64 64

5 64 64 64 64 66 66 64 64 64 64 64

6 64 64 64 66 66 66 64 64 64 64 64

7 64 64 64 66 66 66 64 64 64 64 64

8 64 64 64 64 66 66 64 64 64 64 64

9 64 64 64 66 66 66 64 64 64 64 64
10 64 64 64 66 66 66 64 66 66 66 66
11 64 64 64 66 66 66 64 64 66 64 64
12 64 64 64 66 66 66 64 66 66 66 66
13 64 64 64 66 66 66 66 66 66 66 66
14 64 64 66 66 66 66 66 66 66 66 66
15 64 64 66 66 66 66 66 66 66 66 66
16 64 66 66 66 66 68 66 66 66 66 66
17 64 66 66 66 68 68 66 66 66 66 66
18 64 66 66 66 68 68 66 66 66 66 66
19 66 66 66 68 68 68 66 66 66 66 66
20 66 66 66 68 68 68 68 68 68 68 68
21 66 66 68 68 68 68 68 68 68 68 68
22 66 66 68 68 68 70 68 68 68 68 68
23 66 68 68 68 70 70 68 68 70 68 68
24 66 68 68 68 70 70 70 68 70 70 70
25 66 68 70 70 70 72 70 70 70 70 70
26 68 68 70 70 72 72 70 70 72 72 72
27 68 68 70 70 72 72 72 72 72 72 72
28 68 70 72 72 72 73 72 73 73 73 73
29 68 70 72 72 73 73 73 73 73 73 73
30 70 72 72 72 73 75 75 75 75 75 75
31 70 72 73 73 75 77 75 77 77 77 75
32 70 72 73 73 75 77 77 77 79 77 77
33 72 73 75 75 77 79 79 79 81 79 79
34 72 73 75 75 79 81 79 81 81 81 81
35 73 75 77 77 79 82 81 82 82 82 82
36 73 75 79 79 81 82 82 84 86 84 84
37 75 77 79 79 82 84 84 86 86 86 86
38 75 77 81 81 84 86 86 88 90 88 88
39 77 79 82 82 86 88 88 90 91 90 90
40 77 81 84 84 86 90 90 93 93 93 91
41 79 82 84 86 88 91 93 95 97 95 93
42 81 82 86 86 90 93 95 97 99 97 97
43 81 84 88 88 91 95 97 100 102 100 99
44 82 86 90 90 93 99 100 102 104 102 102
45 84 86 91 91 95 100 102 106 108 106 104
46 84 88 93 93 99 102 106 109 111 109 108
47 86 90 95 95 100 106 108 113 115 113 111
48 88 91 97 97 102 108 111 117 118 117 115
49 90 93 99 99 104 111 115 120 124 120 118
50 90 95 100 102 108 115 118 126 127 124 124

a
ety

93 97 102 104 109 118 122 131 133 129 129



Project No. 14790-123263 Sandia Nat'l Labs March 11, 2005

Page 142
Time TC #35 TC #36 TC #37 TC #38 TC #39 TC #40 TC #41 TC #42 TC #43 TC #44 TC #45
(min) (°F) () () (F (F (F (F (A (F (A (F

52 93 99 104 106 113 120 127 135 138 135 133
53 95 100 108 108 117 126 133 142 144 140 138
54 97 102 109 111 118 129 136 147 151 145 145
55 99 104 111 115 122 133 144 154 158 153 151
56 100 108 115 117 126 138 149 162 165 160 158
57 104 109 117 120 131 144 156 169 172 167 165
58 106 111 120 124 135 147 162 178 181 174 172
59 108 115 122 126 138 154 169 187 190 183 181
60 111 117 126 129 144 160 178 196 199 190 190

Max Temp: 111 117 126 129 144 160 178 196 199 190 190
Max Allowed: 389 389 391 391 391 391 389 389 389 389 389
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Time TC #46 TC #47 TC #48 TC #49 TC #50 TC #51 TC #52 TC #53 TC #54 TC #55 TC #56
(min) (°F) (C°F) CF) CFH €A CAH (€A  (CF (F) (F)  (°F)

0 63 64 64 64 64 64 64 64 64 63 63

1 63 64 64 64 64 64 64 64 64 63 63

2 63 64 64 64 64 64 64 64 64 64 63

3 63 64 64 64 64 64 64 64 64 63 63

4 63 64 64 64 64 64 64 64 64 63 63

5 63 64 64 64 64 64 64 64 63 63 63

6 63 64 64 64 64 64 64 64 64 64 63

7 63 64 64 64 64 64 64 64 64 64 63

8 63 64 64 64 64 64 64 64 64 63 63

9 63 64 64 64 64 64 64 64 64 63 63
10 64 64 64 66 66 64 64 64 64 63 63
11 64 64 64 66 64 64 64 64 64 63 63
12 64 64 64 66 66 64 64 64 64 63 63
13 64 64 66 66 66 64 64 64 64 63 63
14 64 64 66 66 66 64 66 64 64 63 63
15 64 66 66 66 66 64 66 64 64 63 63
16 64 66 66 66 66 64 66 64 64 64 63
17 64 66 66 66 66 66 66 64 64 64 63
18 64 66 66 66 66 66 66 64 64 64 63
19 64 66 66 68 68 66 68 64 64 64 64
20 64 66 68 68 68 66 68 64 64 64 64
21 64 66 68 68 68 66 68 64 64 64 63
22 64 68 68 68 68 68 68 66 64 64 64
23 64 68 68 70 70 68 70 66 64 64 64
24 64 68 68 70 70 68 70 66 64 64 64
25 64 68 70 72 72 70 72 66 66 64 64
26 64 70 70 72 72 70 72 68 66 64 64
27 64 70 72 73 72 70 73 68 66 64 64
28 66 70 72 73 73 72 73 68 66 66 64
29 66 72 73 75 73 72 75 68 66 66 64
30 66 72 73 75 75 73 77 70 68 66 64
31 66 73 75 77 77 75 79 70 68 66 66
32 66 73 77 79 79 75 79 72 68 66 66
33 66 75 79 81 79 77 81 72 70 68 66
34 66 77 79 82 81 79 82 73 70 68 66
35 66 79 81 84 82 81 84 73 72 68 68
36 66 79 82 86 84 82 86 75 72 70 68
37 66 81 84 88 86 84 88 77 73 70 68
38 66 82 86 90 88 86 91 77 73 72 68
39 66 84 90 93 91 88 93 79 75 72 70
40 66 86 91 95 93 90 95 81 75 73 70
41 68 90 93 99 95 91 99 82 77 73 72
42 68 91 97 100 99 93 100 82 79 75 72
43 68 93 99 104 100 95 102 84 79 75 72
44 68 95 100 106 104 99 106 86 81 77 73
45 68 99 104 109 106 100 109 88 82 77 73
46 68 100 108 113 109 102 111 90 84 79 75
47 68 104 111 117 113 106 115 91 84 81 75
48 68 108 113 120 115 108 118 93 86 81 77
49 68 109 117 124 118 111 122 95 88 82 79
50 68 113 120 127 122 115 126 97 90 84 79

a
ety

68 117 126 133 126 117 129 100 91 84 81
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Time TC #46 TC #47 TC #48 TC #49 TC #50 TC #51 TC #52 TC #53 TC #54 TC #55 TC #56

(min)  (°F)  (°F) (CF) (°F)  (CF) (A (F) (CF (°F)  (°F) (°F)

52 68 120 129 136 129 120 133 102 93 86 81
53 68 126 133 140 133 124 136 104 95 88 82
54 68 129 138 145 138 127 140 108 97 90 84
55 70 133 142 151 142 131 144 109 99 91 84
56 70 138 147 156 147 135 149 111 100 93 86
57 70 144 153 162 151 138 154 115 102 95 88
58 70 149 158 167 156 142 158 117 104 97 88
59 70 154 163 172 160 145 163 120 108 99 90
60 70 162 171 178 165 151 169 122 109 100 91

Max Temp: 70 162 171 178 165 151 169 122 109 100 91
Max Allowed: 388 389 389 389 389 389 389 389 389 388 388
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Time TC #57 TC #58 TC #59 TC #60 TC #61 TC #62 TC #63 TC #64 TC #65 TC #66 TC #67
(min) (°F) (C°F) CF) CFH €A CAH (€A  (CF (F) (F)  (°F)

0 63 61 61 61 61 61 63 63 63 63 63
1 63 61 61 61 63 63 63 63 63 63 63
2 63 61 61 61 63 63 63 63 63 63 63
3 63 61 61 63 63 63 63 63 63 63 63
4 63 61 61 63 63 63 63 63 63 63 64
5 63 61 61 63 63 63 63 63 64 64 64
6 64 61 61 63 63 64 64 64 64 64 66
7 64 61 61 63 64 64 64 64 66 66 68
8 64 61 61 64 64 64 66 66 66 68 70
9 64 61 63 64 64 66 66 68 68 70 72
10 64 61 63 64 64 66 68 68 70 70 73
11 64 61 63 64 66 68 68 70 72 72 75
12 64 61 63 66 66 68 70 72 73 73 77
13 64 61 63 66 68 70 72 73 75 75 79
14 64 61 63 68 70 72 72 75 77 77 81
15 64 61 64 70 72 73 73 77 79 81 84
16 64 61 64 72 72 75 75 81 82 84 88
17 64 63 64 73 75 77 79 84 86 86 91
18 64 63 66 75 77 81 81 88 90 90 95
19 64 63 68 79 82 84 86 93 93 95 100
20 64 63 70 82 88 88 90 99 99 100 106
21 64 63 72 86 93 93 95 104 104 106 111
22 64 63 73 90 99 100 100 109 109 111 118
23 64 64 75 95 104 106 106 115 115 118 124
24 64 64 77 100 109 111 111 120 120 124 129
25 64 64 79 104 115 118 117 127 126 129 136
26 66 64 82 109 120 124 124 133 133 136 142
27 66 66 84 115 126 129 129 138 140 142 147
28 66 66 88 120 131 133 136 145 147 149 153
29 66 68 90 126 136 136 142 151 153 154 158
30 66 68 93 133 142 142 147 156 158 160 163
31 66 68 97 138 147 145 151 162 163 165 167
32 66 70 100 144 154 149 156 165 169 171 172
33 66 72 104 151 162 153 160 169 172 174 176
34 66 72 108 158 169 154 162 172 176 178 180
35 66 73 111 165 178 158 165 178 178 181 183
36 66 75 117 174 189 162 167 183 181 185 187
37 66 75 120 183 199 167 171 190 185 189 190
38 66 77 124 192 210 172 172 201 190 192 196
39 66 79 129 203 223 178 178 212 198 198 203
40 66 81 135 214 237 183 187 223 208 205 214
41 68 82 140 226 252 192 198 237 219 212 228
42 68 84 144 237 266 201 208 252 234 221 244
43 68 86 149 250 284 212 221 268 250 234 262
44 68 88 156 262 300 225 235 284 266 252 282
45 68 90 162 275 318 239 250 302 284 268 306
46 68 91 169 288 338 255 266 322 302 288 331
47 68 93 174 302 358 271 284 342 322 306 356
48 68 97 181 316 378 289 304 361 342 327 385
49 68 99 187 331 401 309 324 383 363 349 414
50 68 100 194 345 423 331 345 405 385 372 442

a
ety

68 104 201 361 448 352 372 426 406 397 473
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Time TC #57 TC #58 TC #59 TC #60 TC #61 TC #62 TC #63 TC #64 TC #65 TC #66 TC #67
(min) (°F) (C°F) CF) CFH €A CAH (€A  (CF (F) (F)  (°F)

52 68 106 208 379 469 374 397 450 430 423 504
53 68 109 216 396 491 399 423 471 455 448 536
54 68 113 225 414 513 424 448 496 478 475 567
55 68 117 234 430 534 450 477 520 504 502 599
56 68 120 244 448 556 475 504 543 531 529 631
57 70 124 253 464 577 504 532 568 558 558 666
58 68 127 262 478 599 534 561 594 583 586 698
59 70 131 273 495 621 565 590 619 612 613 732
60 70 135 280 511 644 594 619 644 639 642 766

Max Temp: 70 135 280 511 644 594 619 644 639 642 766
Max Allowed: 388 386 386 386 386 386 388 388 388 388 388
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Time TC #68 TC #69 TC #70 TC #71 TC #72 TC #73 TC #74 TC #75 TC #76 TC #77 TC #78
(min) (°F) () () (F (F (F (F (A (F (A (F

0 63 63 63 63 63 63 63 63 63 63 63
1 63 63 64 63 63 63 63 63 63 63 63
2 63 63 64 63 63 63 63 63 63 63 63
3 63 63 64 63 63 63 63 63 63 63 63
4 63 63 64 64 64 64 63 63 63 63 63
5 64 64 68 66 66 66 64 63 64 63 64
6 64 64 68 68 68 68 64 64 64 64 64
7 66 66 70 68 70 70 66 64 66 64 66
8 68 68 72 70 72 72 68 64 68 66 68
9 70 70 73 72 73 73 68 66 70 68 68
10 72 72 75 73 75 75 70 68 72 70 70
11 75 73 77 77 79 79 72 70 73 72 72
12 77 77 81 79 81 81 75 72 75 73 73
13 79 79 82 82 84 84 77 73 79 75 75
14 82 82 86 84 88 86 79 75 81 77 79
15 86 88 90 90 91 90 82 77 82 79 81
16 90 91 95 93 95 95 84 79 84 81 82
17 93 97 99 97 100 99 88 82 88 84 84
18 99 104 104 102 104 104 90 84 91 86 88
19 104 111 109 108 109 111 93 88 95 90 91
20 111 120 115 115 115 117 99 90 100 93 95
21 117 129 122 120 120 122 102 95 104 99 99
22 124 136 127 127 126 129 108 99 109 102 104
23 129 144 135 133 133 135 111 102 115 106 108
24 135 149 140 140 138 140 117 108 120 111 113
25 142 156 147 145 144 147 122 111 126 117 118
26 147 162 153 151 149 154 127 117 133 122 122
27 153 167 158 156 154 160 133 122 138 127 127
28 158 172 163 162 160 165 138 127 144 135 133
29 162 176 167 165 165 171 144 133 149 142 138
30 165 181 172 171 169 174 149 140 154 149 144
31 171 185 176 174 172 178 154 145 160 154 149
32 174 190 180 178 178 183 160 153 165 162 153
33 178 201 185 183 181 187 165 158 169 167 158
34 181 223 189 187 187 190 169 163 174 172 163
35 187 252 194 194 192 196 174 169 180 176 169
36 192 284 201 201 201 203 178 172 187 180 172
37 199 325 208 208 210 212 183 176 196 183 176
38 210 378 219 219 221 223 187 181 205 185 181
39 232 433 232 230 234 234 194 183 212 189 183
40 253 493 246 243 246 248 201 189 221 194 189
41 279 556 262 255 259 261 210 194 232 201 194
42 306 619 279 268 273 275 225 201 243 210 203
43 334 684 298 284 291 289 241 214 259 223 221
44 367 756 320 300 309 309 262 243 280 243 241
45 403 828 345 318 327 331 291 291 315 268 271
46 439 909 370 340 349 356 331 354 358 302 315
47 478 986 397 363 372 379 374 432 410 336 361
48 516 1056 426 390 396 405 414 514 455 374 405
49 558 1112 457 419 423 432 464 604 516 419 462
50 597 1153 489 450 451 462 516 694 574 468 525

a
ety

640 1197 525 480 482 495 563 783 640 518 5095
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Time TC #68 TC #69 TC #70 TC #71 TC #72 TC #73 TC #74 TC #75 TC #76 TC #77 TC #78
(min) (°F) (C°F) CF) CFH €A CAH (€A  (CF (F) (F)  (°F)

52 682 1234 561 513 513 531 599 864 707 567 662
53 721 1267 599 547 547 574 657 945 797 626 750
54 763 1297 637 583 583 621 716 1013 880 696 838
55 804 1328 675 624 626 682 788 1081 963 775 927
56 847 1357 716 669 676 750 856 1139 1044 849 1011
57 891 1380 757 723 736 831 941 1200 1132 936 1101
58 932 1409 801 786 808 918 1031 1260 1220 1027 1188
59 975 1434 846 855 882 999 1116 1306 1285 1105 1260
60 1017 1458 892 925 950 1071 1186 1342 1332 1168 1315

Max Temp: 1017 1458 892 925 950 1071 1186 1342 1332 1168 1315
Max Allowed: 388 388 388 388 388 388 388 388 388 388 388
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Time TC #79 TC #80 TC #81 TC #82 TC #83 TC #84 TC #85 TC #86 TC #87 TC #88 TC #89
(min) (°F) (C°F) CF) CFH €A CAH (€A  (CF (F) (F)  (°F)

0 63 63 63 61 61 61 61 61 61 61 61
1 63 63 63 63 63 61 61 61 61 61 61
2 63 63 63 63 64 61 61 61 61 61 61
3 63 63 63 63 63 61 61 61 61 61 61
4 63 63 63 63 63 63 61 61 61 61 61
5 63 64 63 64 64 63 61 61 61 61 61
6 64 64 64 64 64 64 63 61 61 61 61
7 64 64 66 66 64 64 63 61 61 61 63
8 66 66 68 68 66 64 63 61 61 61 63
9 68 68 68 70 66 64 63 61 61 61 63
10 68 70 72 72 68 66 63 61 61 61 63
11 72 72 73 73 70 66 63 61 61 63 63
12 73 73 75 73 70 66 64 61 61 61 63
13 75 75 77 75 72 68 64 61 61 63 63
14 77 77 79 79 73 70 64 61 61 63 63
15 79 79 81 81 75 72 66 61 63 63 64
16 81 82 84 84 79 73 66 63 63 63 64
17 82 84 86 86 82 75 68 63 63 63 64
18 86 86 91 91 90 77 70 63 63 63 64
19 88 91 97 99 99 81 72 63 63 63 66
20 91 95 102 106 109 86 73 63 63 64 66
21 95 100 108 113 118 90 75 63 63 64 68
22 100 104 113 120 129 95 79 64 63 64 70
23 104 109 120 127 140 100 81 64 64 66 72
24 108 115 126 133 153 104 84 64 64 66 72
25 113 118 133 140 165 109 88 64 64 68 75
26 118 126 140 147 180 115 91 66 64 68 77
27 124 131 145 154 196 120 95 66 66 70 79
28 129 136 153 160 214 126 100 68 66 72 81
29 136 142 158 167 234 129 104 68 66 72 84
30 142 147 165 172 257 135 108 68 68 73 86
31 147 153 171 178 286 142 111 68 68 75 90
32 154 158 174 185 315 149 117 72 68 77 93
33 158 162 180 194 349 156 120 73 70 79 95
34 165 165 183 205 383 163 124 73 72 81 99
35 169 171 189 219 424 172 127 75 72 82 102
36 172 174 194 237 471 183 131 77 73 86 106
37 176 178 199 257 518 194 135 81 73 88 111
38 181 183 205 280 565 205 147 84 75 90 115
39 185 187 217 306 615 219 153 88 77 93 118
40 196 192 232 334 669 237 162 91 77 95 124
41 196 198 246 363 723 253 171 93 79 97 127
42 205 205 266 396 777 273 180 95 81 100 133
43 217 223 291 432 817 2098 194 99 82 104 138
44 237 255 338 471 869 333 230 102 84 108 145
45 261 2098 405 513 925 379 300 108 86 111 151
46 295 354 482 554 981 437 405 115 88 115 158
47 334 412 554 594 1045 495 516 124 90 118 165
48 381 469 622 633 1098 545 622 131 91 122 172
49 435 536 694 678 1144 610 730 149 95 127 181
50 498 606 765 720 1186 676 826 169 97 133 190

a
ety

572 682 833 763 1227 743 921 198 99 136 199
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Time TC #79 TC #80 TC #81 TC #82 TC #83 TC #84 TC #85 TC #86 TC #87 TC #88 TC #89
(min) (°F) (C°F) CF) CFH €A CAH (€A  (CF (F) (F)  (°F)

52 644 743 882 802 1261 799 993 234 102 142 208
53 738 817 937 846 1297 865 1065 300 104 147 219
54 833 885 991 887 1321 910 1125 367 108 154 232
55 928 954 1051 932 1346 955 1186 455 111 162 244
56 1017 1026 1105 986 1366 1024 1236 586 115 169 257
57 1098 1101 1161 1036 1386 1099 1285 71 118 176 271
58 1179 1179 1218 1080 1407 1168 1330 838 122 183 284
59 1242 1245 1261 1121 1423 1220 1364 966 126 190 297
60 1292 1297 1288 1166 1436 1267 1389 1078 129 198 309

Max Temp: 1292 1297 1288 1166 1436 1267 1389 1078 129 198 309
Max Allowed: 388 388 388 386 386 386 386 386 386 386 386
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Time TC #90 TC #91 TC #92 TC #93 TC #94 TC #95 TC #96 TC #97 TC #98 TC #99 TC #100
(min) (°F)  (°F) CF) A €A €A (CF  (F) (F)  (°F) (°F)

0 63 61 63 63 63 63 63 64 63 63 63
1 63 61 63 63 63 63 63 63 63 63 63
2 63 63 63 63 63 63 63 63 63 63 63
3 63 63 63 63 63 63 63 63 63 63 63
4 63 61 63 63 63 63 63 63 63 63 63
5 63 63 63 63 63 63 63 63 63 64 64
6 63 63 63 63 63 63 63 63 63 64 64
7 63 63 63 63 64 64 63 63 64 64 64
8 63 63 63 64 64 64 64 64 64 64 66
9 63 63 63 64 64 64 64 64 64 66 66
10 63 63 64 64 66 66 64 64 64 66 68
11 63 63 64 66 66 66 66 66 66 68 68
12 64 64 64 66 68 68 66 66 68 68 70
13 64 64 66 68 68 68 68 68 68 70 72
14 64 64 66 68 70 70 70 70 70 72 73
15 64 64 68 70 72 72 70 70 72 73 75
16 66 66 68 72 73 73 72 72 73 75 77
17 66 68 70 73 75 75 73 73 75 79 79
18 68 68 72 75 77 77 75 75 79 81 82
19 68 70 73 79 81 81 79 79 81 84 86
20 70 72 75 81 84 84 81 81 84 88 90
21 72 73 77 84 88 86 84 84 88 91 93
22 73 75 81 88 91 91 88 88 91 95 97
23 75 79 84 93 95 95 91 91 97 100 102
24 79 81 88 97 100 100 97 97 100 106 106
25 81 84 93 102 106 104 100 100 106 111 111
26 84 88 97 108 111 109 106 106 111 117 117
27 86 91 100 113 117 115 111 111 117 122 122
28 90 97 106 118 122 122 117 117 122 127 126
29 93 100 111 124 127 127 122 122 127 133 131
30 97 104 117 129 133 133 127 127 133 138 136
31 100 109 120 135 140 138 133 133 138 142 142
32 106 113 126 140 144 144 138 138 144 147 147
33 109 118 131 144 149 151 144 144 147 153 153
34 115 122 135 149 154 154 149 149 154 158 158
35 118 127 140 153 158 160 154 154 160 163 163
36 122 131 144 158 163 163 160 158 167 171 169
37 127 136 147 162 167 169 163 163 174 178 174
38 133 142 153 165 172 172 169 171 183 187 181
39 138 147 156 171 178 176 172 176 196 198 189
40 145 154 162 176 183 181 178 183 210 210 198
41 153 160 169 183 192 189 185 194 226 226 208
42 160 169 174 192 201 196 192 205 248 246 219
43 167 176 183 201 212 205 201 219 273 268 234
44 176 185 192 212 223 216 214 235 302 295 248
45 185 194 201 225 237 226 226 255 334 324 266
46 194 205 212 237 252 241 243 279 374 358 286
47 205 217 225 253 266 257 261 304 421 397 307
48 217 230 239 268 284 273 280 334 477 441 331
49 230 244 253 286 302 293 304 367 536 489 358
50 243 259 270 304 322 315 327 405 599 538 388

a
ety

255 275 288 324 342 336 356 446 658 588 421
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Time TC #90 TC #91 TC #92 TC #93 TC #94 TC #95 TC #96 TC #97 TC #98 TC #99 TC #100
(min) (°F)  (°F) CF) A €A €A (CF  (F) (F)  (°F) (°F)

52 271 293 307 345 363 360 385 487 725 640 453
53 288 311 327 367 385 383 417 532 795 694 489
54 306 331 349 390 406 410 451 579 862 748 525
55 324 352 374 414 430 437 486 626 925 804 561
56 342 376 399 439 453 466 520 669 986 860 599
57 361 399 424 466 478 495 552 712 1040 914 637
58 381 423 451 491 504 522 585 754 1090 963 675
59 399 446 477 518 529 550 617 793 1135 1011 711
60 417 469 504 543 554 579 649 831 1177 1058 748

Max Temp: 417 469 504 543 554 579 649 831 1177 1058 748
Max Allowed: 388 386 388 388 388 388 388 389 388 388 388
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Time TC #101 TC #102 TC #103 TC #104 TC #105 TC #106 TC #107 TC #108 TC #109 TC #110
(min) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) CF) (R

0 63 63 63 63 63 63 63 63 61 61
1 63 63 63 63 63 63 63 63 63 61
2 63 63 63 63 63 63 63 63 63 61
3 63 63 63 63 63 63 63 63 63 63
4 63 63 63 63 63 63 63 63 63 63
5 63 63 63 63 63 63 63 63 63 63
6 63 63 63 63 63 63 63 63 63 63
7 64 64 64 64 63 64 63 63 63 63
8 64 64 64 64 64 64 63 63 63 63
9 64 66 64 64 64 64 64 64 64 63
10 66 66 66 66 66 66 64 64 64 63
11 68 68 68 68 68 68 66 64 64 64
12 68 70 68 68 68 70 66 64 64 64
13 70 72 70 70 70 70 68 66 66 64
14 72 73 72 72 72 72 70 68 66 64
15 73 75 73 73 73 73 70 68 68 66
16 75 77 75 75 75 75 72 70 68 66
17 77 79 79 79 77 79 73 72 70 68
18 81 82 81 81 81 81 75 73 72 68
19 84 86 84 84 82 84 79 75 73 70
20 86 90 88 86 86 86 81 77 77 72
21 90 93 90 90 90 90 84 81 79 73
22 93 97 93 93 93 93 86 82 82 75
23 99 100 99 97 97 99 91 86 88 77
24 102 106 102 100 100 102 95 91 91 81
25 108 109 108 106 106 108 99 95 97 84
26 113 115 111 111 109 113 104 100 100 86
27 118 120 117 115 115 118 109 106 106 90
28 124 126 122 120 120 124 115 111 113 95
29 129 131 127 126 126 129 120 117 118 99
30 135 136 133 131 131 135 126 122 126 104
31 140 142 138 136 136 140 131 129 135 109
32 144 145 144 142 142 145 136 136 144 115
33 149 151 149 147 147 151 144 144 153 120
34 154 156 154 153 153 154 149 153 165 127
35 160 162 158 158 158 160 154 162 178 135
36 165 167 163 163 162 165 162 172 192 144
37 171 172 169 169 167 171 169 185 210 154
38 178 180 174 172 172 176 176 199 230 165
39 183 187 181 178 178 181 185 214 252 178
40 190 194 187 183 183 187 194 232 277 192
41 199 201 194 190 189 196 205 252 304 208
42 208 210 203 198 196 205 217 271 333 225
43 219 221 210 205 205 214 230 297 363 243
44 232 232 221 214 212 226 246 322 397 262
45 244 243 230 223 223 239 262 351 435 284
46 259 255 243 235 235 255 282 381 478 307
47 275 270 255 248 248 271 304 415 520 331
48 293 286 268 261 262 289 327 453 567 356
49 313 302 284 277 279 309 352 493 613 383
50 333 320 300 293 295 331 381 534 660 410

a
ety

358 342 320 311 315 352 410 572 702 439
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Time TC #101 TC #102 TC #103 TC #104 TC #105 TC #106 TC #107 TC #108 TC #109 TC #110
(min) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) CF) (R

52 383 361 340 329 334 376 441 612 745 466
53 410 385 360 349 354 399 471 653 792 496
54 439 412 383 370 376 424 502 696 840 525
55 469 439 406 394 397 450 534 738 885 556
56 500 464 432 417 421 475 567 777 928 586
57 532 493 457 441 444 500 599 817 968 615
58 565 523 484 466 469 527 631 860 1008 646
59 599 554 511 491 493 552 667 910 1047 678
60 633 586 540 518 520 579 716 986 1098 711

Max Temp: 633 586 540 518 520 579 716 986 1098 71
Max Allowed: 388 388 388 388 388 388 388 388 386 386
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Time TC #111 TC #112 TC #113 TC #114 TC #115 TC #116 TC #117 TC #118 TC #119 TC #120
(min)  (°F)  CF)  CFH (A €A  CFH  (CF  (CF)  (F (°F)

0 61 61 61 63 63 63 64 64 64 64
1 61 61 61 61 63 63 63 64 64 64
2 61 61 63 63 63 63 64 64 64 64
3 61 61 63 63 63 64 64 66 64 66
4 61 61 63 63 63 64 64 66 66 68
5 61 63 63 63 64 64 64 68 68 70
6 61 63 63 63 64 64 64 70 70 72
7 61 63 63 63 64 64 64 70 72 72
8 61 64 63 63 64 64 64 72 72 73
9 61 64 63 63 64 66 66 72 73 75
10 61 64 63 63 64 66 66 73 73 75
11 63 66 63 64 66 66 66 75 75 77
12 63 66 63 64 66 68 68 77 77 79
13 63 68 63 64 68 68 68 81 79 82
14 63 68 63 64 68 70 70 82 82 86
15 64 70 63 64 68 72 70 86 84 88
16 64 72 63 64 70 72 72 90 88 91
17 64 72 63 66 72 73 72 93 91 95
18 64 73 63 66 73 77 73 97 95 100
19 66 75 63 68 77 81 75 100 99 104
20 66 79 63 68 81 84 77 106 104 109
21 68 81 63 70 84 86 81 109 109 115
22 70 82 64 72 88 90 82 115 115 120
23 72 86 64 73 91 93 86 120 118 126
24 73 88 64 75 95 97 90 126 126 131
25 75 91 64 77 99 100 91 131 131 136
26 77 95 64 81 102 106 95 135 136 142
27 79 99 66 82 108 109 99 140 142 147
28 82 102 66 84 113 115 102 145 147 153
29 84 106 66 86 117 118 106 151 153 158
30 88 108 68 90 122 124 111 156 158 162
31 91 111 68 93 127 127 115 160 163 167
32 95 115 68 95 133 133 118 165 167 171
33 99 118 70 99 138 136 122 171 172 174
34 102 122 70 100 144 142 126 174 176 178
35 108 126 72 104 149 145 129 180 181 183
36 113 129 72 108 154 151 133 185 187 190
37 118 135 73 111 162 156 136 190 192 199
38 124 138 73 113 167 162 140 198 198 208
39 131 142 75 117 172 165 144 203 205 216
40 138 147 75 120 178 171 147 208 210 221
41 147 153 77 124 185 176 151 214 217 228
42 156 158 79 127 190 181 154 221 226 235
43 167 165 79 131 198 187 158 226 234 244
44 178 172 81 133 203 190 162 234 241 252
45 190 181 82 138 210 196 165 239 250 259
46 203 190 84 142 217 201 169 246 257 268
47 216 201 84 145 225 207 172 252 264 275
48 230 212 86 149 232 212 176 259 271 284
49 244 225 88 154 241 219 180 266 280 291
50 261 237 90 158 248 225 187 273 288 300
51 277 250 91 162 257 232 192 280 297 309
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Time TC #111 TC #112 TC #113 TC #114 TC #115 TC #116 TC #117 TC #118 TC #119 TC #120
(min)  (°F)  CF)  CFH (A €A  CFH  (CF  (CF)  (F (°F)

52 293 264 93 167 264 239 198 288 304 318
53 309 277 93 171 271 246 205 295 313 327
54 325 293 95 176 280 253 212 304 320 336
55 343 311 97 180 288 261 221 311 329 347
56 361 338 99 185 295 268 230 320 338 356

57 379 397 100 190 302 277 239 327 347 365
58 399 529 102 194 309 284 250 336 356 376
59 417 759 104 198 316 293 261 345 365 387
60 441 1011 108 203 324 302 273 354 376 396

Max Temp: 441 1011 108 203 324 302 273 354 376 396
Max Allowed: 386 386 386 388 388 388 389 389 389 389
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Time TC #121 TC #122 TC #123 TC #124 TC #125 TC #126 TC #127 TC #128 TC #129
(min) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F)

0 64 64 64 64 64 64 64 64 64
1 64 64 64 64 64 64 64 64 64
2 64 64 64 64 64 64 64 64 64
3 64 64 64 64 64 64 64 64 64
4 68 64 64 64 64 64 64 64 64
5 68 66 66 66 64 66 66 66 66
6 70 68 68 68 64 68 68 68 68
7 72 68 70 68 66 68 68 70 70
8 72 70 72 70 66 70 70 70 72
9 73 72 72 72 68 72 72 72 73
10 73 72 73 72 68 73 73 73 73
11 75 73 75 73 70 75 75 75 75
12 77 75 77 75 73 77 77 77 77
13 79 77 79 75 75 79 79 79 79
14 82 79 81 77 77 81 81 81 81
15 84 81 84 79 81 84 82 82 82
16 88 82 86 82 86 88 86 86 86
17 90 86 90 86 90 91 88 88 88
18 93 90 93 88 97 95 91 91 91
19 97 93 99 91 104 100 95 95 95
20 100 97 102 97 115 104 100 100 100
21 104 100 108 100 126 111 104 104 104
22 109 104 111 106 135 117 109 109 109
23 113 109 117 111 144 124 115 115 113
24 118 113 122 118 153 129 120 118 118
25 124 118 127 124 160 136 126 124 126
26 129 124 133 129 165 144 131 129 131
27 133 129 138 135 171 149 136 133 138
28 138 135 144 140 176 154 142 140 144
29 144 138 149 145 183 160 147 144 151
30 147 144 154 151 192 163 153 149 156
31 153 149 160 154 205 169 156 154 162
32 156 154 163 160 221 172 162 160 167
33 160 158 169 165 241 176 165 163 172
34 163 162 172 169 268 181 169 169 178
35 167 165 176 174 297 189 174 172 180
36 171 169 180 178 325 196 178 176 181
37 172 172 183 183 354 207 181 180 185
38 176 176 187 190 387 225 187 185 187
39 180 180 190 199 421 239 192 189 187
40 183 183 196 212 459 255 198 196 190
41 187 187 203 226 496 271 207 203 196
42 190 190 212 241 540 291 217 210 201
43 198 196 223 255 586 309 230 221 212
44 223 201 234 271 637 329 243 232 225
45 235 208 246 289 691 351 257 243 234
46 244 223 259 307 741 372 270 253 243
47 255 237 273 327 788 396 284 266 252
48 264 252 286 347 831 419 298 277 262
49 273 266 300 367 876 444 313 289 273
50 282 279 316 388 921 468 329 302 284

a
ety

293 293 331 412 961 491 345 316 295
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Time TC #121 TC #122 TC #123 TC #124 TC #125 TC #126 TC #127 TC #128 TC #129

(min)

52
53
54
55
56
57
58
59
60

Max Temp:
Max Allowed:

(°F)

302
311
320
331
340
351
361
372
383

383
389

(°F)

306
318
331
345
358
370
385
397
410

410
389

(°F)

347
363
379
397
414
432
450
466
484

484
389

(°F)

433
455
477
500
522
543
567
590
613

613
389

(°F)

997
1027
1056
1080
1099
1117
1134
1150
1166

1166
389

(°F)

516
540
565
588
612
637
660
684
707

707
389

(°F)

363
379
396
414
430
444
462
478
496

496
389

Page 158
°F) (P
331 307
345 318
361 331
376 340
388 352
401 363
412 374
424 385
437 397
437 397
389 389
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Time TC #130 TC #131 TC #132 TC #133 TC #134 TC #135 TC #136 TC #137 TC #138
(min) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F)

0 64 63 64 64 63 63 63 63 63
1 64 64 64 64 64 64 63 63 63
2 64 64 64 64 64 64 63 63 63
3 72 68 64 64 66 64 63 63 63
4 79 75 68 66 68 64 64 63 64
5 82 81 70 68 70 66 64 64 64
6 82 84 72 72 73 66 66 64 66
7 84 88 75 73 75 68 68 64 66
8 86 90 77 77 75 70 68 66 68
9 86 93 79 79 79 72 70 66 68
10 88 97 81 81 81 72 72 68 68
11 90 102 84 84 82 73 72 70 68
12 91 108 86 86 86 75 73 70 70
13 95 115 90 90 90 77 75 72 72
14 99 120 95 91 93 79 77 73 73
15 102 127 99 95 97 81 81 75 75
16 108 136 104 99 102 84 82 79 77
17 111 144 109 102 108 88 86 81 79
18 117 151 115 106 111 90 88 84 82
19 122 158 120 111 117 95 91 88 86
20 127 165 126 115 122 99 95 93 90
21 133 172 131 120 129 102 100 97 93
22 140 183 136 126 135 108 104 100 99
23 145 192 144 131 140 111 108 106 102
24 151 203 149 136 145 115 113 109 108
25 156 212 154 142 153 120 118 115 113
26 162 223 160 147 156 126 124 118 118
27 167 234 165 151 162 131 127 122 122
28 172 244 171 156 165 136 133 127 127
29 178 255 178 160 171 140 138 131 133
30 183 266 183 165 176 145 144 135 136
31 190 279 190 169 180 151 147 138 138
32 194 289 198 174 185 156 153 142 142
33 199 300 203 178 192 160 158 147 144
34 207 309 210 181 199 165 162 151 147
35 217 320 217 185 205 169 165 154 151
36 228 331 223 189 210 172 169 158 154
37 237 342 228 194 217 176 172 162 158
38 246 351 235 198 223 180 176 165 162
39 255 360 244 207 228 183 180 169 165
40 264 370 252 219 235 187 185 171 171
41 273 378 259 230 243 189 190 172 174
42 282 387 268 241 250 187 196 174 180
43 291 394 275 252 257 192 201 176 183
44 300 403 282 261 264 208 205 180 189
45 309 410 291 271 273 221 212 185 194
46 316 419 2098 280 280 232 219 192 199
47 327 428 307 291 289 241 226 201 208
48 336 437 316 300 298 252 234 212 219
49 345 446 324 309 306 262 243 225 228
50 356 455 333 320 315 273 252 239 237

a
ety

365 464 342 329 324 284 261 255 253
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Time TC #130 TC #131 TC #132 TC #133 TC #134 TC #135 TC #136 TC #137 TC #138

(min)

52
53
54
55
56
57
58
59
60

Max Temp:
Max Allowed:

(°F)

376
385
396
405
415
424
435
446
455

455
389

(°F)

475
484
493
502
511
522
531
540
549

549
388

(°F)

352
360
370
379
388
397
406
415
426

426
389

(°F)

338
347
356
367
378
387
396
405
414

414
389

(°F)

333
342
352
361
370
379
388
399
408

408
388

(°F)

298
309
320
331
340
347
354
363
370

370
388

(°F)

270
280
289
300
311
320
331
342
352

352
388

Page 160
(°F)  (°F)
273 266
291 275
309 288
329 300
345 306
363 315
379 324
396 333
412 338
412 338
388 388
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Time TC #139 TC #140 TC #141 TC #142 TC #143 TC #144 TC #145 TC #146 TC #147
(min) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F)

0 63 61 61 63 63 63 63 64 64

1 63 63 61 63 63 63 63 64 64
2 63 63 63 63 63 63 63 64 64
3 63 63 63 63 63 63 63 64 64
4 63 63 63 63 63 63 63 64 64
5 63 63 63 63 63 63 63 64 64
6 64 63 61 63 63 63 63 64 64
7 64 63 63 63 63 63 64 64 64
8 64 63 63 63 63 63 64 64 64
9 64 63 63 63 63 63 64 64 64
10 64 63 63 63 63 63 64 64 64
11 64 63 63 63 63 64 64 64 64
12 64 63 63 63 63 64 64 64 66
13 66 63 63 63 63 64 64 66 66
14 66 63 63 63 64 64 64 66 66
15 68 63 63 63 64 64 64 66 68
16 68 63 63 63 64 64 66 68 68
17 70 64 63 63 64 64 66 68 70
18 72 63 63 63 64 66 66 68 70
19 73 63 63 64 64 66 68 70 72
20 75 64 63 64 64 66 68 72 73
21 77 64 63 64 66 68 70 72 73
22 79 64 63 64 66 68 70 73 75
23 82 64 64 64 66 70 72 75 77
24 86 64 64 66 68 70 72 77 79
25 90 66 64 66 68 72 73 79 82
26 93 68 64 66 70 73 75 81 84
27 97 68 64 68 70 73 77 82 86
28 100 68 64 68 72 75 79 84 88
29 104 68 66 70 73 77 81 86 91
30 108 70 66 70 73 79 82 90 93
31 113 72 66 72 75 81 84 91 97
32 117 72 68 72 77 82 86 93 100
33 122 72 68 73 79 84 88 97 102
34 124 73 70 75 81 86 91 99 106
35 127 75 70 75 82 90 93 102 109
36 131 75 72 77 84 91 95 104 111
37 133 77 72 79 86 93 99 108 115
38 135 79 73 81 88 95 100 111 118
39 138 79 73 82 90 99 104 113 122
40 140 81 75 84 91 100 106 117 126
41 142 82 77 86 95 104 109 120 127
42 142 84 77 88 97 106 111 124 133
43 144 84 79 90 99 109 115 127 136
44 145 86 81 91 102 111 118 131 140
45 149 88 82 93 104 115 122 135 144
46 151 91 82 95 108 118 124 138 149
47 154 95 84 99 109 120 127 144 154
48 160 100 86 100 113 124 131 147 158
49 163 111 88 102 115 127 135 153 165
50 167 120 90 106 118 131 138 156 171
51 172 133 91 108 122 135 144 162 176
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Time TC #139 TC #140 TC #141 TC #142 TC #143 TC #144 TC #145 TC #146 TC #147

(min)

52
53
54
55
56
57
58
59
60

Max Temp:
Max Allowed:

(°F)

178
183
187
192
198
203
208
214
219

219
388

(°F)

151
165
169
174
178
189
187
183
167

189
386

(°F)

93
95
99
100
102
104
108
109
111

111
386

(°F)

111
113
117
120
122
126
129
133
136

136
388

(°F)

126
129
133
136
140
144
149
153
158

158
388

(°F)

138
142
147
151
156
160
165
171
176

176
388

(°F)

147
153
156
162
167
172
178
183
190

190
388

Page 162
°F) (P
167 183
172 190
180 198
185 205
190 212
198 219
205 228
212 237
219 246
219 246
389 389
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Time TC #148 TC #149 TC #150
(min) (°F) (°F) (°F)

0 64 64 64

1 63 64 64
2 64 64 64
3 64 64 64
4 64 64 64
5 64 64 64
6 64 64 64
7 64 64 64
8 64 64 64
9 64 64 64
10 64 64 64
11 64 64 64
12 64 64 66
13 64 66 66
14 64 66 66
15 64 66 66
16 66 66 68
17 66 68 68
18 66 68 68
19 68 68 70
20 68 70 70
21 68 70 72
22 70 72 73
23 72 73 73
24 72 75 75
25 73 75 77
26 75 77 79
27 77 81 81
28 79 82 84
29 81 84 86
30 82 86 90
31 84 90 91
32 86 91 95
33 90 95 97
34 91 99 100
35 93 100 104
36 97 104 108
37 99 108 111
38 102 111 115
39 104 115 118
40 108 118 122
41 111 122 127
42 113 126 133
43 117 129 136
44 120 135 144
45 124 140 149
46 127 144 156
47 131 149 163
48 135 156 171
49 140 162 180
50 144 169 189

a
ety

149 178 199
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Time TC #148 TC #149 TC #150

(min)

52
53
54
55
56
57
58
59
60

Max Temp:
Max Allowed:

(°F)

154
160
165
172
180
185
192
201
208

208
389

(°F)

185
194
205
214
226
237
250
262
275

275
389

(°F)

210
223
235
250
264
280
297
313
329

329
389

Sandia Nat'l Labs

March 11, 2005
Page 164
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Time TC #151 TC #152 TC #153 TC #154 TC #155 TC #156 TC #157 TC #158 TC #159 TC #160
(min) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F)

0 64 64 64 64 64 64 64 64 64 64
1 64 64 64 64 64 64 64 64 64 64
2 64 64 64 64 64 64 64 64 64 64
3 64 64 64 64 64 64 64 64 64 64
4 64 64 64 64 64 64 64 64 64 64
5 64 64 64 64 64 64 64 64 64 64
6 64 64 64 64 64 64 64 64 64 64
7 64 64 64 64 64 66 64 64 64 64
8 64 64 64 64 64 66 66 66 64 64
9 64 64 64 64 66 66 66 66 64 64
10 66 64 64 64 66 68 68 68 64 64
11 66 64 66 66 66 68 68 68 66 64
12 66 66 66 66 68 70 68 68 66 66
13 66 66 66 66 68 70 70 70 68 66
14 68 66 66 66 68 72 72 72 68 66
15 68 66 66 68 70 72 72 72 68 68
16 68 68 68 68 70 73 73 73 70 68
17 70 68 68 70 72 75 75 75 72 68
18 70 68 68 70 73 77 77 77 72 70
19 72 70 70 72 73 79 79 79 73 70
20 72 70 72 72 75 81 81 82 75 72
21 73 72 72 73 77 82 82 84 77 73
22 75 73 73 75 79 86 84 86 79 73
23 77 75 75 77 81 88 88 90 81 75
24 79 77 77 79 84 91 90 93 82 77
25 82 79 79 81 86 93 93 95 84 79
26 84 81 82 84 90 97 97 99 88 81
27 86 82 84 86 93 100 100 102 90 84
28 90 86 86 90 95 104 104 106 93 86
29 93 88 90 91 99 108 108 109 97 88
30 95 91 93 95 102 111 111 115 99 91
31 99 95 97 99 106 117 115 118 102 93
32 102 99 100 102 109 120 118 122 106 97
33 106 100 102 106 113 124 124 126 109 99
34 109 104 108 109 117 129 127 131 113 102
35 113 109 111 113 120 133 133 135 117 106
36 118 113 115 117 126 136 136 140 120 108
37 122 118 118 122 129 140 140 144 124 111
38 126 122 124 126 133 144 145 149 127 115
39 131 127 129 131 136 149 149 153 131 117
40 136 133 135 135 142 153 154 158 135 120
41 144 138 140 140 145 158 158 162 138 124
42 149 145 145 145 151 162 163 167 142 126
43 156 153 153 153 156 167 169 171 145 129
44 165 162 160 158 162 172 174 176 151 133
45 174 171 169 165 169 180 180 181 154 136
46 183 180 178 174 176 185 185 187 158 140
47 194 192 189 183 183 194 192 194 163 144
48 207 205 201 192 192 201 198 199 169 147
49 219 217 214 203 201 208 207 207 174 153
50 234 234 226 214 210 217 214 214 180 158

a
ety

250 250 243 226 221 226 221 221 187 162
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Time TC #151 TC #152 TC #153 TC #154 TC #155 TC #156 TC #157 TC #158 TC #159 TC #160
(min) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F)

52 266 268 259 241 232 235 230 228 192 167
53 284 288 275 253 243 246 239 237 199 174
54 302 307 295 270 255 257 248 246 207 180
55 322 329 313 286 268 266 257 253 214 187
56 343 351 334 302 282 279 268 262 223 194
57 363 374 356 320 295 289 277 271 230 201
58 387 397 378 338 309 302 288 282 239 208
59 410 423 401 356 324 313 298 291 246 216
60 433 446 424 376 340 325 309 302 255 223

Max Temp: 433 446 424 376 340 325 309 302 255 223
Max Allowed: 389 389 389 389 389 389 389 389 389 389
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Time TC #161 TC #162 TC #163 TC #164 TC #165 TC #166 TC #167 TC #168 TC #169 TC #170
(min) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F)

0 63 63 63 61 61 61 61 63 63 64

1 63 63 61 61 61 61 61 63 63 64
2 63 63 63 61 61 61 61 63 63 64
3 63 63 63 61 61 61 61 63 63 64
4 63 63 63 61 61 61 61 63 63 64
5 63 63 63 61 61 61 61 63 63 64
6 63 63 63 63 61 61 61 63 64 64
7 63 63 63 63 61 61 63 63 64 64
8 63 63 63 61 61 61 63 64 64 64
9 63 63 63 63 61 61 63 64 64 66
10 63 63 63 63 61 61 63 64 66 66
11 64 63 63 63 61 61 63 64 66 68
12 64 63 63 63 63 61 63 64 66 68
13 64 63 63 63 63 61 63 66 68 70
14 64 63 63 63 63 61 63 66 68 70
15 64 64 63 63 63 61 64 68 70 72
16 66 64 63 63 63 61 64 68 72 73
17 66 64 63 63 63 61 64 70 73 75
18 66 64 63 63 63 61 66 72 75 77
19 68 64 63 63 63 61 66 73 77 81
20 68 66 64 63 63 63 68 77 81 84
21 70 66 64 63 63 63 70 81 86 88
22 70 66 64 63 63 63 72 84 90 91
23 72 68 64 63 63 63 73 88 93 95
24 73 68 64 64 63 63 75 93 99 100
25 75 70 66 64 63 64 77 97 104 104
26 75 70 66 64 63 64 81 100 108 108
27 79 72 68 64 64 64 82 106 113 113
28 79 73 68 64 64 66 86 111 118 118
29 82 73 68 66 64 66 88 115 124 122
30 84 75 70 66 64 68 91 120 129 127
31 86 77 72 68 64 68 95 124 133 133
32 88 79 72 68 64 68 97 129 138 138
33 90 81 73 68 66 70 100 133 144 142
34 93 82 73 70 66 72 104 138 149 147
35 95 84 75 70 66 72 108 144 153 153
36 97 86 77 72 66 73 111 149 158 158
37 100 88 77 72 68 75 113 154 162 162
38 102 90 79 73 68 75 117 160 165 167
39 104 91 81 73 68 77 120 165 169 171
40 108 93 82 75 70 79 124 171 176 174
41 109 95 84 75 70 79 127 176 181 178
42 113 97 84 77 70 81 131 181 187 180
43 115 100 86 79 72 82 135 189 194 183
44 118 102 88 79 72 84 138 194 201 190
45 120 104 90 81 73 86 142 201 210 199
46 124 106 91 82 73 88 145 208 219 208
47 127 108 93 82 75 90 149 216 226 216
48 129 111 95 84 75 90 154 225 237 226
49 135 113 97 86 77 91 158 232 248 237
50 138 117 99 86 77 93 163 241 257 248
51 142 118 100 88 79 95 167 248 268 259



Project No. 14790-123263 Sandia Nat'l Labs March 11, 2005

Page 168
Time TC #161 TC #162 TC #163 TC #164 TC #165 TC #166 TC #167 TC #168 TC #169 TC #170
(min (°F)  (F)  (F (A (A (CFH (A (A (F (P

52 147 122 104 90 79 97 172 259 280 271
53 151 126 106 91 81 100 178 268 291 284
54 158 129 108 93 81 102 183 277 302 295
55 163 135 111 95 82 104 189 288 315 309
56 169 138 113 97 84 106 194 297 327 322
57 176 144 117 99 84 108 201 307 340 334
58 181 147 118 100 86 111 207 316 352 349
59 189 153 122 102 88 113 212 327 367 363
60 196 158 126 106 90 115 219 338 379 378
Max Temp: 196 158 126 106 90 115 219 338 379 378

Max Allowed: 388 388 388 386 386 386 386 388 388 389
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Time TC #171 TC #172 TC #173 TC #174 TC #175 TC #176 TC #177 TC #178 TC #179 TC #180
(min) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F)

0 63 63 63 63 63 63 64 64 64 64
1 63 63 63 63 63 63 64 64 64 64
2 63 63 63 63 63 63 64 64 64 64
3 63 63 64 64 64 64 64 64 64 64
4 64 64 64 64 64 64 64 64 64 64
5 66 66 66 66 66 66 66 64 64 64
6 66 66 68 68 68 68 68 64 66 66
7 68 68 68 68 70 70 68 66 66 68
8 70 70 70 70 72 72 72 68 68 68
9 70 72 72 72 73 73 73 70 70 72
10 72 73 73 73 75 75 75 73 72 73
11 73 73 75 75 77 79 77 77 73 75
12 73 75 77 77 79 81 81 81 75 77
13 75 79 79 81 82 84 82 86 79 79
14 77 81 82 82 86 88 86 91 81 81
15 81 82 86 86 90 91 91 97 84 84
16 82 86 90 90 93 95 95 102 86 86
17 86 90 93 93 97 100 100 108 90 90
18 90 93 97 99 102 106 106 115 95 93
19 93 99 100 104 108 111 113 122 99 97
20 99 102 108 109 113 118 118 129 104 100
21 102 108 111 115 118 124 126 135 109 106
22 108 113 118 120 126 131 133 142 115 109
23 113 118 124 127 131 138 140 147 118 115
24 118 126 129 133 138 144 147 153 126 120
25 126 131 136 140 145 151 153 158 131 127
26 131 138 144 147 151 158 158 162 136 133
27 136 144 149 153 158 163 163 167 142 140
28 142 149 156 158 163 167 169 171 147 145
29 147 156 162 163 169 172 172 176 153 151
30 153 162 167 169 174 176 176 180 158 158
31 158 167 172 172 178 181 180 183 162 163
32 163 171 176 176 181 185 183 189 167 169
33 169 176 180 181 187 189 187 192 171 174
34 172 180 183 185 190 198 194 198 176 178
35 178 185 189 189 194 207 201 205 180 181
36 183 189 194 198 199 214 212 212 183 187
37 189 198 201 207 210 223 221 225 187 190
38 196 207 208 214 219 234 230 241 190 194
39 203 216 216 225 228 243 241 257 194 201
40 210 223 226 237 239 253 253 273 201 208
41 217 232 237 246 250 264 266 293 210 217
42 226 241 246 257 261 277 280 313 219 226
43 234 252 257 268 271 289 295 333 228 235
44 243 261 270 279 284 302 311 354 241 246
45 252 271 280 289 295 316 327 378 253 257
46 261 282 291 302 307 331 343 403 268 270
47 270 293 304 313 320 345 361 430 282 282
48 279 304 316 325 334 360 381 459 298 295
49 289 316 329 336 347 376 399 487 316 309
50 300 327 342 349 361 392 421 522 333 324

a
ety

309 340 356 363 376 408 441 554 351 338
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Time TC #171 TC #172 TC #173 TC #174 TC #175 TC #176 TC #177 TC #178 TC #179 TC #180
(min) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F)

52 322 352 369 376 390 424 462 586 370 352
53 333 367 383 388 405 441 484 621 388 369
54 343 379 397 401 419 459 505 657 408 385
55 356 392 412 415 433 475 529 696 430 401
56 369 406 426 430 448 493 552 732 450 417
57 381 421 442 444 464 511 576 768 471 433
58 394 435 457 459 478 529 601 802 493 451
59 406 450 471 473 493 545 626 838 514 468
60 419 464 487 487 509 565 651 871 538 486

Max Temp: 419 464 487 487 509 565 651 871 538 486
Max Allowed: 388 388 388 388 388 388 389 389 389 389
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Time TC #181 TC #182 TC #183 TC #184 TC #185 TC #186 TC #187 TC #188 TC #189 TC #190
(minp  (F) () (A (A (A (A (F  (F)  (F)  (°F)

0 64 64 63 64 63 64 64 64 63 63
1 64 63 63 64 64 64 63 64 63 63
2 64 64 64 64 64 64 64 64 63 66
3 64 64 64 64 64 66 64 64 63 70
4 64 64 66 64 66 68 68 64 64 73
5 64 66 68 64 68 70 72 64 64 79
6 66 66 70 66 70 72 75 66 66 79
7 68 68 72 68 72 73 77 68 70 84
8 70 70 73 70 73 75 81 70 72 86
9 72 72 75 72 75 77 82 72 73 88
10 73 73 77 73 79 81 86 73 77 91
11 75 77 81 75 81 82 88 75 79 95
12 77 79 82 79 84 86 91 77 82 99
13 81 81 86 81 86 91 97 79 86 102
14 82 84 90 82 91 95 100 82 90 106
15 86 86 93 86 95 100 106 84 93 111
16 88 90 97 88 99 106 111 88 97 115
17 91 93 100 91 102 111 118 91 100 120
18 95 97 104 95 108 118 126 95 104 131
19 99 100 109 100 113 124 133 100 109 140
20 104 106 115 106 118 129 140 104 117 149
21 109 111 120 111 124 135 147 109 122 156
22 115 117 126 117 129 142 154 115 129 163
23 120 122 131 122 135 147 160 120 136 169
24 126 127 136 127 140 154 167 126 142 176
25 133 133 144 133 147 160 174 133 149 181
26 140 140 151 140 153 165 183 138 156 187
27 145 147 156 147 160 171 192 145 162 194
28 153 153 162 153 165 176 201 151 169 203
29 158 158 167 160 172 181 210 158 172 214
30 165 163 172 165 178 190 219 163 178 226
31 171 169 178 171 185 199 230 169 181 237
32 176 174 183 176 192 207 239 172 185 250
33 180 178 189 180 198 214 250 178 190 262
34 185 183 194 187 205 221 262 181 194 277
35 190 187 199 194 208 230 273 185 201 293
36 194 190 205 199 210 237 284 189 212 311
37 203 194 210 207 216 244 295 192 221 327
38 208 198 216 214 226 250 306 198 230 342
39 216 208 223 221 234 257 316 205 239 358
40 225 217 228 228 241 266 327 212 250 376
41 234 226 235 235 248 273 338 223 262 396
42 243 237 246 244 255 280 349 232 275 419
43 253 248 255 253 264 289 360 244 289 441
44 264 259 266 262 273 298 370 255 306 464
45 275 271 277 271 284 307 379 270 322 489
46 288 282 288 282 295 316 390 282 340 516
47 300 295 300 293 306 327 401 295 358 541
48 315 307 313 304 316 336 412 309 378 568
49 327 320 324 315 327 347 423 322 396 597
50 342 333 336 327 340 358 433 336 415 628

a
ety

356 345 351 338 351 369 444 351 435 662
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Time TC #181 TC #182 TC #183 TC #184 TC #185 TC #186 TC #187 TC #188 TC #189 TC #190

(min) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F)

52 370 358 363 351 363 379 457 365 457 694
53 385 372 378 363 374 390 468 379 477 725
54 399 385 392 376 388 401 478 394 496 756
55 414 399 406 388 399 414 491 408 518 786
56 430 414 421 401 414 426 504 423 540 817
57 446 426 433 414 426 439 514 439 561 846
58 460 442 448 428 439 451 527 453 585 874
59 477 455 460 441 451 464 540 469 606 905
60 493 471 475 455 464 478 552 486 630 934

Max Temp: 493 471 475 455 464 478 552 486 630 934
Max Allowed: 389 389 388 389 388 389 389 389 388 388
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Time TC #191 TC #192 TC #193 TC #194 TC #195 TC #196 TC #197 TC #198 TC #199 TC #200
(min) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F)

0 63 61 61 61 61 61 63 63 63 64

1 63 61 61 61 61 61 63 63 63 64
2 63 61 61 61 61 61 63 63 63 64
3 63 61 61 61 61 61 63 63 63 64
4 63 61 61 61 61 61 63 63 63 64
5 64 63 61 61 61 61 63 63 63 64
6 66 63 61 61 61 61 63 63 63 64
7 68 63 61 61 61 63 63 63 64 64
8 68 63 61 61 61 63 63 63 64 64
9 70 63 61 61 61 63 63 63 64 64
10 73 64 61 61 61 63 63 64 64 66
11 75 64 61 61 61 63 63 64 64 66
12 77 64 61 61 61 63 64 64 66 68
13 81 66 61 61 61 63 64 64 66 68
14 84 68 61 61 63 63 64 66 68 70
15 88 70 63 61 63 63 64 66 68 70
16 93 72 63 61 63 64 64 66 70 72
17 97 73 63 61 63 64 66 68 70 73
18 102 75 63 61 63 64 66 68 72 75
19 109 79 63 61 63 64 68 70 73 77
20 117 84 63 63 64 66 68 72 75 79
21 124 88 64 63 64 68 70 73 77 82
22 131 93 64 63 64 68 72 75 81 86
23 138 97 64 63 66 70 75 79 82 88
24 144 100 66 64 66 72 77 81 86 93
25 153 106 68 64 68 73 79 84 90 97
26 160 111 72 64 70 77 82 88 93 100
27 167 117 73 66 72 79 86 91 99 106
28 174 122 75 66 72 82 90 95 102 111
29 181 127 79 68 75 84 93 100 108 115
30 190 133 82 68 77 88 97 104 111 120
31 198 136 86 70 79 91 102 108 117 126
32 205 142 90 72 81 95 106 113 122 131
33 214 147 93 72 82 99 111 118 127 136
34 223 153 97 73 84 102 115 122 133 142
35 234 158 100 75 88 106 118 127 136 147
36 243 162 102 77 90 109 124 133 142 153
37 253 167 104 79 93 113 127 136 147 156
38 264 172 104 81 95 117 133 142 151 162
39 275 176 104 81 97 120 136 147 156 167
40 286 181 102 82 100 124 142 151 162 172
41 297 187 102 84 104 127 145 156 167 180
42 309 194 102 86 106 133 151 162 172 187
43 322 201 104 88 109 136 154 167 180 192
44 336 208 106 90 111 140 160 172 185 201
45 351 216 108 91 115 144 165 178 192 208
46 367 223 111 93 118 149 172 185 199 217
47 381 232 115 95 120 154 178 190 208 226
48 397 241 118 99 126 160 185 198 216 235
49 415 250 122 100 129 165 192 207 225 246
50 432 259 126 102 133 171 199 216 234 257

a
ety

450 268 129 106 136 178 208 225 244 268
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Time TC #191 TC #192 TC #193 TC #194 TC #195 TC #196 TC #197 TC #198 TC #199 TC #200
(minp  (F) () (A (A (A (A (F  (F)  (F)  (°F)

52 468 279 133 108 140 185 216 234 255 280
53 486 288 136 111 145 192 226 244 266 293
54 502 298 140 113 151 199 235 255 277 306
55 522 309 145 117 154 208 246 266 289 318
56 540 320 151 118 160 216 257 279 302 331
57 558 333 156 122 167 225 268 291 315 345
58 577 345 162 126 172 234 280 304 329 360
59 597 356 167 129 178 243 293 318 342 374
60 615 369 172 133 183 253 306 331 356 390

Max Temp: 615 369 172 133 183 253 306 331 356 390
Max Allowed: 388 386 386 386 386 386 388 388 388 389
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Time TC #201 TC #202 TC #203 TC #204 TC #205 TC #206 TC #207 TC #208 TC #209 TC #210
(min) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F)

0 63 63 63 63 63 64 64 64 64 64
1 63 63 63 63 64 64 64 64 64 64
2 63 63 63 63 63 64 64 64 64 64
3 63 63 63 63 63 64 64 64 64 64
4 63 63 64 64 64 64 64 64 64 64
5 63 64 64 64 64 64 64 64 64 64
6 64 64 64 64 64 64 64 64 64 64
7 64 64 66 66 64 64 64 64 66 66
8 64 64 68 66 66 64 64 66 66 66
9 64 66 68 68 66 66 66 66 68 68
10 66 66 70 70 68 66 66 68 68 68
11 66 68 72 72 68 68 68 70 70 70
12 68 70 73 73 70 70 70 72 72 72
13 68 72 75 75 73 72 72 73 73 73
14 70 73 77 79 75 73 73 75 75 75
15 72 75 81 81 77 77 75 77 77 79
16 73 77 82 84 81 79 79 79 79 81
17 75 79 86 88 84 82 82 82 82 82
18 77 82 90 91 88 86 84 84 86 86
19 79 84 93 95 91 90 88 88 88 90
20 82 88 99 100 97 95 93 91 91 93
21 86 91 102 106 100 100 97 95 97 97
22 90 97 108 111 106 104 102 100 100 100
23 93 100 113 117 111 109 108 104 106 106
24 97 106 118 124 118 115 111 109 111 111
25 102 111 126 129 124 120 117 115 115 117
26 108 117 131 135 129 126 122 120 122 122
27 111 122 136 142 136 133 127 126 127 127
28 118 127 144 147 142 136 133 131 133 135
29 122 133 149 153 147 144 138 136 140 140
30 129 138 154 158 153 147 144 144 145 145
31 135 144 160 163 158 153 149 149 151 153
32 140 149 165 169 162 158 154 154 156 158
33 145 154 169 174 167 163 158 160 162 163
34 151 160 174 180 172 167 163 165 167 169
35 154 165 180 185 178 172 169 169 172 174
36 160 171 187 190 183 178 172 174 180 180
37 165 176 192 198 190 183 178 180 185 185
38 171 181 199 205 198 190 185 187 190 190
39 178 189 207 212 205 198 190 192 198 198
40 183 194 214 221 214 207 198 199 205 205
41 190 201 223 230 223 216 207 207 212 212
42 198 210 232 241 234 226 217 216 221 219
43 205 219 243 252 246 239 226 225 230 228
44 214 228 252 264 259 253 239 235 239 237
45 223 237 262 277 273 268 252 246 250 248
46 232 248 275 289 288 286 266 257 261 259
47 243 259 288 304 306 304 282 270 271 270
48 253 270 300 318 324 324 298 282 284 280
49 264 282 313 334 342 343 316 297 297 293
50 277 295 327 352 363 365 334 309 311 306

a
ety

289 307 340 369 385 390 354 325 324 318
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Time TC #201 TC #202 TC #203 TC #204 TC #205 TC #206 TC #207 TC #208 TC #209 TC #210
(min) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F)

52 302 320 354 385 406 417 376 342 338 331
53 315 334 370 405 433 450 399 358 354 345
54 329 349 385 423 462 484 426 376 369 360
55 342 363 401 444 493 520 453 396 385 372
56 358 378 417 464 522 556 478 414 401 388
57 372 392 433 484 550 588 502 433 417 403
58 388 408 450 504 579 622 525 453 433 417
59 405 424 466 523 608 655 549 471 450 432
60 421 442 484 543 635 691 574 491 466 448

Max Temp: 421 442 484 543 635 691 574 491 466 448
Max Allowed: 388 388 388 388 388 389 389 389 389 389
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Time TC #211 TC #212 TC #213 TC #214 TC #215 TC #216 TC #217 TC #218 TC #219 TC #220

(min) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F)

0 63 63 63 63 63 61 63 61 61 61
1 63 63 63 63 63 61 61 61 61 61
2 63 63 63 63 63 61 61 61 61 61
3 63 63 63 63 63 63 61 61 61 61
4 63 63 63 63 63 63 61 61 61 61
5 64 64 63 63 63 63 61 61 61 61
6 64 64 64 64 64 63 63 61 61 61
7 64 64 64 64 64 64 63 61 61 63
8 66 66 64 66 66 64 63 61 61 63
9 66 66 66 66 68 66 63 61 61 63
10 68 68 68 68 70 68 64 63 61 63
11 70 70 68 70 72 68 64 63 61 63
12 72 72 70 72 73 70 64 63 61 63
13 73 73 72 75 75 72 66 63 63 63
14 75 75 75 77 77 73 66 64 63 63
15 77 77 77 79 81 75 68 64 63 64
16 81 81 81 82 84 79 70 64 63 64
17 82 82 82 86 86 81 72 66 63 64
18 86 86 86 88 90 84 73 66 63 66
19 90 90 90 91 93 86 75 68 63 68
20 93 93 93 97 99 91 77 70 63 68
21 97 99 97 100 104 95 81 72 63 70
22 102 102 102 106 109 100 84 73 64 72
23 108 108 108 111 115 104 86 75 64 75
24 111 113 113 117 118 109 91 77 64 77
25 118 118 118 122 126 115 95 79 64 79
26 124 124 124 129 131 120 97 81 64 82
27 129 129 129 135 136 126 102 82 66 84
28 135 136 135 140 142 131 106 86 66 86
29 140 142 140 145 147 136 109 88 66 90
30 147 147 147 151 153 140 113 91 68 93
31 153 154 153 156 158 145 118 93 68 95
32 158 160 158 162 165 153 122 97 68 99
33 165 165 163 167 172 158 126 99 70 102
34 171 172 169 172 180 165 131 102 70 106
35 176 178 174 180 187 172 135 104 72 108
36 181 183 180 187 196 180 140 108 72 111
37 187 190 185 194 205 187 145 109 73 115
38 194 198 192 203 216 196 151 113 75 118
39 201 203 198 212 226 205 156 117 75 124
40 208 210 207 221 239 216 162 120 77 127
41 216 219 214 234 252 226 169 124 79 131
42 223 226 223 244 266 237 176 127 79 135
43 232 235 234 259 282 250 183 133 81 138
44 241 244 244 273 298 262 190 136 82 144
45 252 255 257 288 316 277 199 142 82 147
46 262 266 270 306 334 291 208 147 84 153
47 273 277 282 324 354 306 217 151 86 158
48 284 288 297 342 374 322 226 158 88 162
49 295 300 309 360 396 336 235 162 88 167
50 307 313 325 381 417 354 246 169 90 172
51 320 325 342 401 441 370 257 176 91 178
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Time TC #211 TC #212 TC #213 TC #214 TC #215 TC #216 TC #217 TC #218 TC #219 TC #220
(min)  (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F)

52 333 338 356 423 468 392 268 181 93 183
53 345 351 374 446 495 412 280 187 95 190
54 360 365 390 469 527 435 291 194 97 196
55 374 379 408 496 558 459 304 201 99 203

56 388 394 426 522 588 482 315 207 100 210
57 403 408 444 549 617 502 329 214 104 216
58 417 424 464 576 648 523 340 219 106 223
59 432 439 482 603 678 545 352 226 108 230
60 446 453 502 628 709 568 363 232 109 237

Max Temp: 446 453 502 628 709 568 363 232 109 237
Max Allowed: 388 388 388 388 388 386 388 386 386 386
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Time TC #221 TC #222 TC #223 TC #224 TC #225 TC #226 TC #227 TC #228 TC #229 TC #230
(min) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F)

0 61 61 61 61 61 61 61 61 61 63
1 61 61 61 61 61 61 61 61 63 63
2 61 61 61 61 61 61 61 61 63 63
3 61 61 61 61 63 63 61 63 63 63
4 61 61 63 63 64 63 63 64 64 63
5 63 63 63 63 66 64 64 66 66 63
6 63 63 63 64 66 66 64 68 70 64
7 63 63 63 64 68 68 66 72 72 66
8 63 64 64 66 70 70 68 73 73 68
9 64 64 64 68 72 72 70 75 77 70
10 64 64 64 68 73 73 72 79 79 72
11 64 66 66 70 75 75 75 81 82 75
12 64 66 66 70 77 75 77 84 86 79
13 66 66 68 72 79 79 79 88 91 82
14 66 68 70 73 82 81 82 93 95 86
15 68 68 70 75 86 84 84 97 100 91
16 68 70 72 79 90 88 88 102 106 97
17 70 72 73 81 95 91 93 108 111 102
18 72 72 75 86 100 97 97 115 118 109
19 75 75 79 90 108 102 102 120 126 117
20 79 79 82 95 113 109 109 127 133 126
21 82 82 88 100 120 118 115 135 140 133
22 86 86 91 108 127 126 122 142 147 140
23 90 90 97 113 133 133 129 147 153 147
24 95 93 102 118 140 140 136 153 158 153
25 99 99 108 124 147 145 142 158 163 158
26 102 102 111 129 154 151 149 163 169 162
27 108 106 117 135 160 156 154 167 172 165
28 111 111 122 140 167 162 160 171 178 169
29 115 115 127 147 172 165 165 176 183 172
30 118 118 133 151 180 169 169 183 189 174
31 124 122 136 158 187 172 174 190 194 176
32 129 126 142 162 194 176 178 198 205 178
33 133 129 145 169 205 181 183 205 214 180
34 138 131 151 174 214 187 187 216 226 183
35 144 135 154 181 225 199 194 228 241 187
36 149 136 160 190 234 214 203 243 255 190
37 154 140 163 199 246 226 212 259 273 201
38 160 144 169 208 257 239 223 275 291 221
39 167 147 172 219 270 253 237 295 313 239
40 172 153 178 230 284 270 255 316 333 261
41 178 156 183 241 2098 286 271 338 356 286
42 185 162 189 253 315 304 291 363 381 315
43 192 167 194 266 331 322 309 388 406 347
44 201 174 201 280 347 342 331 415 433 385
45 208 181 208 295 365 363 352 444 462 423
46 217 189 219 309 385 385 376 471 491 464
47 226 198 228 325 403 408 401 502 522 507
48 235 205 239 342 423 432 428 531 552 550
49 244 216 250 360 444 455 455 561 585 597
50 255 226 262 379 466 482 482 594 619 644

a
ety

266 237 275 399 489 509 511 626 653 693
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Time TC #221 TC #222 TC #223 TC #224 TC #225 TC #226 TC #227 TC #228 TC #229 TC #230
(min) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F)

52 277 250 289 423 513 536 540 660 687 741
53 289 264 306 444 538 563 568 691 723 792
54 302 277 320 468 563 592 597 723 757 842
55 316 291 338 493 590 622 626 756 792 900
56 329 307 356 518 617 653 657 788 824 955
57 343 322 374 541 644 684 685 817 860 1011
58 356 338 394 568 671 714 714 849 896 1062
59 370 356 415 594 698 745 745 882 936 1108
60 383 372 437 621 725 775 775 916 975 1152

Max Temp: 383 372 437 621 725 775 775 916 975 1152
Max Allowed: 386 386 386 386 386 386 386 386 386 388



Project No. 14790-123263 Sandia Nat'l Labs March 11, 2005
Page 181

Time TC #231 TC #232 TC #233 TC #234 TC #235 TC #236 TC #237 TC #238 TC #239 TC #240
(min) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F)

0 61 61 61 61 61 63 63 63 63 63
1 61 61 61 61 61 63 63 63 63 63
2 61 61 61 61 63 63 63 63 63 63
3 63 61 61 61 63 63 63 63 63 63
4 63 63 61 63 63 63 64 63 63 63
5 64 64 63 63 63 63 66 64 64 64
6 66 64 63 64 64 64 70 66 64 64
7 68 66 64 64 64 64 72 66 66 64
8 70 68 64 66 66 66 75 68 68 66
9 72 70 68 68 68 68 77 70 68 68
10 75 73 70 72 70 70 79 72 70 70
11 79 75 73 75 72 72 81 73 72 72
12 81 79 75 77 75 73 82 75 73 73
13 86 82 79 81 77 75 86 77 75 75
14 90 86 82 84 79 77 90 79 79 79
15 95 91 86 88 82 79 93 82 81 81
16 100 95 90 91 86 82 97 86 84 84
17 106 100 95 97 90 86 102 90 86 86
18 113 106 99 100 93 90 108 93 91 90
19 120 113 102 108 99 95 115 99 95 95
20 127 118 108 113 104 100 120 104 100 100
21 135 126 113 120 109 106 127 109 106 106
22 140 131 120 126 115 113 133 115 111 111
23 147 136 127 133 122 118 140 122 118 118
24 154 142 135 140 129 126 147 129 126 126
25 158 147 142 147 136 133 154 136 133 131
26 163 153 149 154 144 140 162 144 140 138
27 169 158 156 160 153 147 169 149 147 145
28 172 163 162 165 160 154 176 156 153 153
29 176 167 169 171 167 160 183 162 160 158
30 181 171 172 174 172 165 190 167 163 163
31 185 176 178 178 178 171 199 172 169 169
32 190 180 180 181 183 176 208 178 172 172
33 196 183 181 185 189 180 219 183 176 176
34 201 187 183 189 194 181 232 189 180 178
35 208 192 185 196 198 185 243 196 183 181
36 216 198 187 203 203 189 253 201 187 187
37 226 208 194 216 208 194 262 208 194 194
38 237 223 203 228 221 203 273 216 203 205
39 252 237 214 243 234 219 286 223 210 214
40 268 255 228 259 248 230 298 232 219 225
41 284 273 246 277 261 243 309 241 228 235
42 302 295 264 295 275 255 322 250 237 246
43 324 316 286 315 289 268 334 261 248 257
44 345 340 307 336 306 282 345 271 259 270
45 370 365 331 358 324 297 358 284 271 284
46 396 392 356 383 342 311 370 297 286 298
47 424 419 383 408 360 327 385 309 298 313
48 453 446 410 435 381 342 397 322 313 327
49 482 475 439 462 403 358 410 336 327 343
50 511 504 469 489 424 376 424 352 343 360

a
ety

543 532 500 516 448 394 439 367 360 378
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Time TC #231 TC #232 TC #233 TC #234 TC #235 TC #236 TC #237 TC #238 TC #239 TC #240
(min) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F)

52 576 561 529 545 471 414 455 383 378 396
53 610 590 559 574 496 432 471 401 396 414
54 644 621 590 601 522 451 486 419 417 435
55 678 651 621 631 550 473 504 441 442 457
56 714 682 655 660 583 496 525 466 471 484
57 752 716 689 689 615 522 549 498 507 518
58 792 748 727 721 651 554 579 540 554 563
59 831 777 765 757 694 590 626 592 619 617
60 876 806 792 799 754 642 693 648 711 685

Max Temp: 876 806 792 799 754 642 693 648 71 685
Max Allowed: 386 386 386 386 386 388 388 388 388 388
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Time TC #241 TC #242 TC #243 TC #244 TC #245 TC #246 TC #247 TC #248 TC #249 TC #250
(min) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F)

0 63 63 63 63 61 61 61 61 61 63
1 63 63 63 63 63 61 61 61 61 63
2 63 63 63 63 63 61 61 61 61 63
3 63 63 63 63 63 61 61 61 61 63
4 63 63 63 63 63 61 61 61 61 63
5 64 64 64 63 63 63 61 61 61 63
6 64 66 64 64 64 63 61 61 61 63
7 66 68 66 64 64 63 61 61 63 63
8 68 70 68 64 64 63 61 61 63 63
9 70 72 70 66 66 64 61 61 63 63
10 72 75 72 68 66 64 61 61 63 63
11 73 77 75 70 68 64 61 63 63 64
12 75 79 77 72 70 64 61 63 63 64
13 77 82 79 75 70 66 61 63 63 64
14 81 86 82 77 72 66 61 63 63 64
15 82 88 86 81 73 68 63 63 63 64
16 86 91 90 84 75 68 63 63 63 64
17 90 97 93 88 79 70 63 63 64 66
18 93 100 99 97 82 72 63 63 64 66
19 97 106 106 108 88 75 63 63 64 68
20 102 113 113 117 93 77 64 64 64 68
21 108 118 120 126 99 81 64 64 66 70
22 115 126 127 133 104 84 66 64 66 72
23 120 133 135 138 111 88 66 64 68 73
24 127 140 140 144 118 91 68 64 68 75
25 135 147 147 147 126 95 70 66 70 77
26 140 153 153 151 131 99 72 66 72 79
27 147 158 158 154 136 102 73 66 73 82
28 153 163 162 158 142 106 77 68 75 84
29 158 167 165 162 145 109 77 68 77 88
30 163 171 169 165 151 113 79 70 79 91
31 167 174 172 171 154 117 81 70 81 93
32 172 178 174 174 160 122 82 72 82 97
33 176 181 178 178 163 126 82 73 86 100
34 180 187 180 183 169 129 84 73 88 104
35 183 192 183 189 172 135 84 75 90 108
36 187 199 190 198 176 136 84 75 93 111
37 194 208 198 207 181 140 82 77 95 115
38 199 216 205 219 187 144 84 79 97 118
39 208 225 216 234 196 147 86 81 100 122
40 216 235 226 252 205 153 86 82 104 126
41 225 246 239 271 214 156 88 82 106 129
42 235 257 253 295 225 162 90 84 109 135
43 246 268 270 320 235 167 91 86 113 138
44 259 280 286 347 248 174 93 88 115 144
45 270 293 306 378 262 180 95 90 118 149
46 284 306 325 410 279 187 97 91 122 154
47 297 320 347 444 295 194 99 93 126 160
48 311 334 370 480 313 203 100 95 131 167
49 327 351 396 518 331 210 102 97 135 174
50 342 367 423 559 351 219 106 100 140 181

a
ety

358 387 450 603 372 230 108 102 145 189
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Time TC #241 TC #242 TC #243 TC #244 TC #245 TC #246 TC #247 TC #248 TC #249 TC #250
(min) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F)

52 376 406 478 649 394 239 111 104 151 198
53 396 426 509 700 419 250 113 108 156 207
54 417 450 540 750 446 262 118 109 162 216
55 448 475 574 801 475 275 127 113 167 226
56 489 509 613 858 511 289 144 115 174 239
57 545 550 658 916 554 307 172 118 181 252
58 622 608 712 979 613 333 228 122 190 266
59 723 671 781 1038 691 370 325 126 198 280
60 842 747 864 1096 781 432 477 129 207 295

Max Temp: 842 747 864 1096 781 432 477 129 207 295
Max Allowed: 388 388 388 388 386 386 386 386 386 388
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Time TC #251 TC #252 TC #253 TC #254 TC #255 TC #256 TC #257 TC #258 TC #259 TC #260
(min) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F)

0 61 61 61 61 61 61 61 63 63 63
1 61 61 61 61 61 63 63 63 63 63
2 61 61 61 61 61 61 63 63 63 63
3 61 61 61 61 61 61 63 63 63 63
4 61 61 61 61 61 63 63 63 63 63
5 61 61 61 63 61 63 63 63 63 63
6 61 61 63 63 63 63 63 63 63 63
7 61 63 63 63 63 63 64 64 64 64
8 63 63 63 64 64 64 64 64 64 64
9 63 63 63 64 64 64 66 66 66 64
10 63 63 64 64 66 66 68 68 68 66
11 63 64 64 66 68 68 70 70 70 68
12 63 64 66 68 68 70 72 72 72 70
13 64 64 68 68 70 72 73 75 73 72
14 64 64 68 70 72 73 77 77 77 73
15 64 66 70 72 73 75 79 81 81 77
16 64 68 72 73 75 79 82 84 84 79
17 66 68 73 75 77 82 86 88 88 82
18 66 70 75 79 81 84 90 91 91 86
19 68 72 77 81 84 90 95 97 97 91
20 70 73 81 84 88 93 99 102 102 97
21 72 75 84 90 93 99 104 108 109 100
22 73 77 88 93 97 102 111 115 115 108
23 75 81 91 99 102 109 117 120 122 113
24 77 84 97 104 108 115 122 127 129 118
25 81 88 100 109 115 120 129 133 135 126
26 84 91 106 115 120 126 135 138 142 131
27 86 95 111 120 126 133 140 145 147 136
28 90 99 115 126 133 138 147 151 151 142
29 93 104 120 133 138 144 153 154 156 147
30 97 108 126 138 144 149 158 160 160 153
31 100 111 131 144 149 154 162 165 165 158
32 104 117 136 149 154 160 169 169 169 162
33 108 122 142 154 160 165 174 174 171 167
34 113 126 147 162 165 171 180 180 174 172
35 117 129 153 167 171 176 187 185 180 176
36 120 135 160 174 176 183 194 192 183 181
37 124 140 165 181 183 190 203 201 190 187
38 127 145 172 190 192 198 214 210 198 192
39 131 151 181 199 201 208 226 223 208 201
40 136 156 190 210 212 221 241 237 221 210
41 140 162 199 221 225 234 257 253 235 221
42 145 167 208 234 237 250 277 271 253 234
43 151 174 219 248 253 268 297 293 275 250
44 156 181 230 262 270 288 320 316 298 268
45 162 189 243 279 288 307 343 342 324 288
46 167 198 255 297 307 331 372 372 354 311
47 174 207 270 315 329 356 401 403 387 336
48 181 216 286 334 352 381 432 437 421 365
49 189 226 302 356 378 410 468 475 459 396
50 198 237 320 378 403 441 507 513 500 430

a
ety

207 250 338 401 432 473 541 552 541 464
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Time TC #251 TC #252 TC #253 TC #254 TC #255 TC #256 TC #257 TC #258 TC #259 TC #260
(min) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F)

52 217 264 358 428 460 505 576 592 585 498
53 228 279 379 453 491 538 612 633 628 534
54 239 295 403 480 520 568 646 673 673 572
55 252 311 426 507 550 599 682 716 725 610
56 266 329 450 536 581 631 716 759 788 649
57 280 347 475 567 615 666 752 806 846 691
58 297 369 504 597 648 698 790 856 905 730
59 313 392 532 628 682 730 829 905 959 770
60 331 417 561 660 716 765 869 955 1013 808

Max Temp: 331 417 561 660 716 765 869 955 1013 808
Max Allowed: 386 386 386 386 386 386 386 388 388 388
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Time TC #261 TC #262 TC #263 TC #264 TC #265 TC #266 TC #267 TC #268 TC #269 TC #270
(min) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F)

0 61 61 63 63 63 63 63 63 63 63
1 63 61 63 63 63 63 63 63 63 63
2 61 61 63 63 63 63 63 63 63 63
3 63 63 63 63 63 63 63 63 63 63
4 63 63 63 63 63 63 63 63 63 63
5 63 63 63 63 63 63 63 63 63 63
6 63 63 63 63 63 63 64 64 63 63
7 63 63 63 63 63 64 64 64 63 63
8 63 63 64 64 64 64 66 66 64 64
9 64 64 64 64 64 66 68 68 64 64
10 64 64 66 66 66 68 70 68 66 64
11 66 66 68 68 68 70 72 72 66 66
12 68 68 70 68 70 72 73 73 68 66
13 70 70 72 70 72 73 77 75 70 68
14 72 72 75 72 73 75 79 77 72 68
15 75 75 77 75 75 77 82 81 73 70
16 77 77 81 77 77 81 84 82 77 72
17 81 81 84 79 81 82 88 86 79 73
18 84 84 86 82 82 86 91 90 82 77
19 88 88 91 86 86 90 95 93 86 79
20 91 91 95 90 90 93 100 99 90 82
21 97 97 100 95 95 99 106 104 95 88
22 102 100 106 99 100 104 113 111 100 93
23 108 108 111 104 106 109 118 117 108 97
24 113 113 118 111 111 115 126 124 113 102
25 118 118 124 117 117 122 131 131 120 108
26 126 126 131 124 124 129 138 136 126 113
27 131 131 138 129 129 135 144 142 131 118
28 136 138 144 136 136 142 151 149 136 122
29 144 144 151 144 144 147 156 154 142 127
30 149 151 156 151 149 153 160 158 145 133
31 154 156 162 156 154 158 163 162 151 136
32 158 162 167 162 162 163 169 165 154 140
33 163 165 172 167 165 167 172 169 158 144
34 169 171 178 172 171 172 176 172 162 149
35 172 174 183 176 176 176 180 178 165 153
36 178 180 187 181 180 181 185 183 169 156
37 183 183 194 187 185 187 192 189 174 160
38 189 189 201 192 190 192 199 196 180 165
39 196 196 212 199 198 199 207 203 187 171
40 205 205 221 208 205 207 216 212 194 178
41 216 216 234 217 214 214 225 221 205 187
42 228 228 246 228 223 225 234 232 216 196
43 243 244 262 241 234 234 244 243 230 207
44 261 262 279 253 244 244 255 255 244 219
45 280 280 297 266 257 257 268 270 262 234
46 304 304 316 280 270 270 282 284 282 250
47 327 327 338 297 284 282 295 300 304 266
48 356 354 363 315 298 297 309 318 329 286
49 385 383 388 333 315 311 325 338 354 307
50 415 414 414 352 331 327 342 358 385 331

a
ety

448 442 441 372 349 343 360 379 417 356
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Time TC #261 TC #262 TC #263 TC #264 TC #265 TC #266 TC #267 TC #268 TC #269 TC #270
(min) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F)

52 478 473 469 392 367 361 379 403 453 387
53 511 504 493 415 387 379 399 430 495 417
54 545 532 516 437 406 397 419 457 536 451
55 577 565 543 460 426 417 441 484 579 486
56 612 595 572 484 446 437 462 511 622 520
57 644 626 601 509 468 457 486 541 669 556
58 678 658 631 534 491 484 507 570 718 594
59 712 691 660 559 513 500 531 601 768 631
60 747 721 691 585 534 520 554 631 820 673

Max Temp: 747 721 691 585 534 520 554 631 820 673
Max Allowed: 386 386 388 388 388 388 388 388 388 388
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Time TC #271 TC #272 TC #273 TC #274 TC #275 TC #276 TC #277 TC #278 TC #279 TC #280
(min) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F)

0 61 61 61 61 61 63 64 63 64 64
1 61 61 61 61 61 63 63 64 64 64
2 61 61 61 61 63 63 63 64 64 64
3 61 61 61 61 63 63 63 64 68 64
4 61 61 61 61 63 63 63 66 70 66
5 61 61 61 61 63 64 64 68 72 68
6 61 61 61 61 63 64 64 70 72 70
7 63 61 61 61 63 64 64 72 73 72
8 63 61 61 61 63 64 66 73 75 72
9 63 61 61 61 63 66 66 75 79 73
10 63 63 61 61 63 66 68 77 81 75
11 64 63 61 61 63 68 68 79 84 77
12 64 63 63 61 64 68 70 82 88 79
13 64 63 63 61 64 70 72 86 91 82
14 64 63 63 61 64 72 72 90 97 86
15 66 63 63 61 64 73 73 93 100 90
16 68 64 63 63 66 75 75 97 106 93
17 68 64 63 63 68 77 79 102 111 97
18 70 64 63 63 68 81 81 106 117 102
19 72 66 63 63 70 84 82 111 122 108
20 75 66 64 63 72 88 86 117 127 113
21 77 68 64 63 73 93 90 122 133 118
22 81 70 64 64 77 97 93 127 140 124
23 84 72 66 64 79 100 99 133 145 129
24 88 73 66 64 81 106 102 138 151 135
25 91 75 68 66 84 109 108 144 156 142
26 97 77 68 66 86 115 111 149 162 147
27 100 81 68 68 90 118 115 154 167 153
28 104 82 70 68 93 124 120 158 172 158
29 108 86 72 70 97 129 124 163 176 163
30 111 88 72 70 99 133 127 169 181 169
31 117 90 73 72 102 138 133 174 187 172
32 120 93 75 72 106 144 136 180 194 178
33 124 95 75 73 109 147 140 185 199 181
34 127 97 77 75 113 153 144 190 207 189
35 131 100 79 77 117 158 147 196 212 196
36 135 102 81 77 118 162 151 201 219 201
37 138 104 81 79 122 167 156 207 226 208
38 142 106 82 81 126 172 160 212 232 216
39 145 109 84 82 129 176 163 219 239 223
40 151 111 84 84 133 181 167 225 246 230
41 156 115 86 86 136 187 171 230 252 239
42 162 118 88 88 140 192 176 235 259 246
43 169 120 90 88 144 198 180 241 266 253
44 176 126 91 90 147 201 185 248 273 262
45 185 129 93 91 151 207 190 253 280 270
46 194 133 95 93 156 212 196 259 286 277
47 205 136 97 95 160 217 201 266 293 286
48 216 142 99 97 163 223 208 271 300 295
49 226 147 100 100 167 228 214 279 309 304
50 241 153 104 102 172 234 221 286 316 313

a
ety

255 158 106 104 176 241 230 293 324 322
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Time TC #271 TC #272 TC #273 TC #274 TC #275 TC #276 TC #277 TC #278 TC #279 TC #280
(min) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F)

52 270 165 108 106 180 246 237 300 331 331

53 288 172 111 108 185 252 246 307 340 340
54 306 180 115 109 189 259 255 315 349 349
55 325 187 117 111 192 264 264 324 356 360

56 345 194 122 115 198 271 275 331 365 370
57 365 203 126 117 201 279 286 338 374 379
58 388 212 129 118 207 284 297 347 383 390
59 410 216 135 122 212 291 307 356 392 401
60 433 225 138 124 217 298 320 365 403 412

Max Temp: 433 225 138 124 217 298 320 365 403 412
Max Allowed: 386 386 386 386 386 388 389 388 389 389
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Time TC #281 TC #282 TC #283 TC #284 TC #285 TC #286 TC #287 TC #288 TC #289 TC #290
(min) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F)

0 63 64 64 64 64 64 64 64 64 64
1 63 64 64 64 64 64 64 64 64 64
2 63 64 64 64 64 64 64 64 64 64
3 64 64 64 64 64 64 64 64 64 64
4 64 64 64 64 64 66 64 64 64 64
5 64 64 64 64 64 70 66 66 66 66
6 66 66 66 64 66 72 68 68 68 68
7 68 66 68 66 68 75 70 70 70 68
8 70 68 68 68 70 79 72 72 72 70
9 72 70 70 68 72 82 73 73 73 72
10 72 72 72 70 75 86 77 75 73 73
11 73 72 72 72 77 90 79 77 75 75
12 75 73 73 73 81 93 81 79 79 77
13 77 75 75 75 84 99 84 81 81 81
14 79 77 75 77 88 104 88 84 84 82
15 81 79 77 79 91 109 93 88 86 86
16 84 82 79 81 95 115 97 93 91 90
17 88 84 82 82 99 120 102 97 95 95
18 90 88 84 86 104 126 108 102 100 99
19 95 91 88 90 108 133 113 108 106 102
20 99 97 91 93 113 140 118 113 111 108
21 104 100 95 97 118 147 126 120 118 113
22 108 106 100 100 124 156 131 127 124 118
23 113 111 104 106 129 162 138 133 131 126
24 118 117 109 111 135 171 144 140 138 133
25 126 122 115 117 140 180 151 147 145 138
26 131 127 120 120 145 192 158 154 151 145
27 136 133 126 126 151 203 163 162 158 153
28 142 140 133 133 158 216 169 167 165 160
29 149 145 138 138 163 241 174 172 171 167
30 154 151 144 144 169 264 180 176 174 172
31 160 156 149 149 174 284 183 181 180 176
32 165 162 154 154 180 302 187 185 183 181
33 169 167 160 158 185 325 190 190 187 185
34 174 171 165 163 190 351 198 194 192 189
35 176 174 169 169 196 376 205 198 198 194
36 180 178 174 172 203 399 217 208 203 198
37 181 181 176 176 214 424 230 219 212 203
38 185 183 180 180 226 451 243 228 219 212
39 187 187 183 183 239 487 257 239 228 225
40 192 189 185 187 252 522 271 250 237 235
41 205 194 189 190 266 549 288 261 248 246
42 219 205 190 198 280 579 302 271 257 255
43 230 214 196 205 297 612 318 284 266 264
44 239 221 199 216 313 648 336 295 277 275
45 248 230 207 228 329 684 352 306 288 284
46 257 239 217 241 349 721 370 318 298 295
47 266 248 228 252 367 756 387 331 309 304
48 275 259 239 264 388 792 405 345 320 315
49 286 270 252 277 410 829 423 358 333 327
50 295 280 262 289 433 869 442 372 343 338

a
ety

306 289 273 302 457 903 460 385 356 349
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Time TC #281 TC #282 TC #283 TC #284 TC #285 TC #286 TC #287 TC #288 TC #289 TC #290
(min) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F)

52 316 302 286 316 480 941 480 399 367 360
53 325 313 298 331 507 973 500 415 381 372
54 336 324 311 345 532 1008 520 430 394 385
55 347 334 324 360 558 1038 540 446 406 399
56 358 347 336 376 583 1067 559 460 421 410
57 369 360 349 392 610 1096 579 477 433 423
58 381 372 363 408 635 1123 601 493 448 435
59 392 385 378 424 664 1150 622 509 462 446
60 405 397 390 442 689 1171 642 525 475 459

Max Temp: 405 397 390 442 689 1171 642 525 475 459
Max Allowed: 388 389 389 389 389 389 389 389 389 389
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Time TC #291 TC #292 TC #293 TC #294 TC #295 TC #296 TC #297 TC #298 TC #299 TC #300
(min) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F)

0 63 63 63 63 63 64 64 64 64 64
1 63 63 63 64 64 64 64 64 64 64
2 64 64 64 64 64 64 64 64 64 64
3 64 68 70 64 66 64 64 64 64 64
4 68 77 75 68 68 64 66 66 64 64
5 70 82 79 70 70 66 68 68 64 64
6 72 88 82 72 72 68 70 70 66 64
7 73 93 86 75 72 70 72 70 66 66
8 75 97 90 77 73 72 73 72 68 66
9 77 102 93 79 75 75 75 73 68 66
10 81 108 99 82 79 77 77 75 70 68
11 82 115 106 84 81 81 81 77 72 68
12 86 122 111 88 84 82 82 79 72 70
13 91 129 118 91 86 86 86 82 73 72
14 95 136 127 97 90 90 90 84 75 72
15 100 145 135 100 95 93 93 88 79 73
16 106 153 144 106 99 97 99 93 81 75
17 111 160 151 111 102 100 102 97 82 77
18 117 167 158 117 108 104 108 100 86 79
19 122 174 167 122 113 108 113 106 90 81
20 129 180 176 129 118 113 120 111 93 84
21 135 189 187 135 124 118 126 117 99 86
22 142 201 198 142 129 122 133 122 102 90
23 149 217 207 149 136 127 138 127 108 93
24 156 234 217 154 142 133 144 133 113 97
25 162 253 230 162 147 138 151 136 118 100
26 167 273 241 167 154 144 158 142 126 106
27 172 291 252 172 160 149 163 147 131 109
28 178 309 264 176 165 154 171 153 136 113
29 185 327 280 183 172 160 176 158 140 118
30 190 345 297 189 176 165 183 162 145 122
31 199 361 313 198 181 169 189 167 151 127
32 210 378 325 205 187 174 196 171 154 133
33 219 394 340 216 194 178 205 176 158 136
34 230 408 352 225 199 183 216 181 162 140
35 239 421 365 234 203 187 225 190 167 145
36 250 435 378 244 210 190 234 196 171 149
37 259 448 390 255 216 192 243 201 174 153
38 270 460 399 264 223 196 252 208 178 158
39 280 473 412 275 230 201 261 214 183 162
40 289 486 423 286 237 208 271 221 187 165
41 300 498 435 295 246 216 282 228 192 169
42 309 511 446 306 253 226 293 237 198 172
43 320 523 455 316 262 235 304 244 201 176
44 331 538 464 327 271 246 315 253 207 178
45 342 550 473 338 279 259 325 262 207 180
46 352 563 484 349 288 270 336 273 214 181
47 363 576 493 360 297 282 349 282 228 183
48 374 590 504 370 306 295 361 293 237 187
49 385 603 514 381 316 307 374 304 244 192
50 396 615 525 392 325 318 387 315 252 198

a
ety

408 628 534 403 336 331 399 324 261 208
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Time TC #291 TC #292 TC #293 TC #294 TC #295 TC #296 TC #297 TC #298 TC #299 TC #300
(min) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F)

52 419 640 545 414 345 343 414 336 270 216
53 432 655 554 426 356 356 428 347 279 223
54 444 669 565 437 369 369 442 360 288 232
55 455 684 574 450 379 381 457 370 297 239
56 468 698 583 460 390 396 471 383 306 248
57 480 711 594 473 401 408 484 394 316 255
58 493 725 603 486 414 421 496 405 325 264
59 504 739 613 496 424 432 511 415 334 273
60 516 752 624 509 435 446 522 428 345 282

Max Temp: 516 752 624 509 435 446 522 428 345 282
Max Allowed: 388 388 388 388 388 389 389 389 389 389
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Time TC #301 TC #302 TC #303 TC #304 TC #305 TC #306 TC #307 TC #308 TC #309 TC #310
(min) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F)

0 64 63 63 61 61 62 62 63 64 64

1 64 63 63 61 61 62 62 63 64 64
2 64 63 63 61 62 62 62 63 64 64
3 64 64 63 61 61 62 62 63 64 64
4 64 64 63 61 61 62 62 63 64 64
5 65 64 64 61 62 62 62 63 64 65
6 66 65 64 61 61 62 63 63 64 65
7 66 65 65 61 62 62 63 64 65 65
8 67 65 65 61 62 62 63 64 65 66
9 68 66 65 62 62 62 63 64 66 67
10 68 67 66 62 62 62 64 65 67 68
11 69 67 66 62 62 63 64 66 67 69
12 70 68 67 62 62 63 64 66 69 71
13 71 69 68 62 62 63 65 67 70 72
14 72 70 69 62 62 63 66 68 71 73
15 74 71 71 62 63 64 66 69 73 76
16 75 73 72 63 63 64 67 71 74 78
17 77 75 74 63 63 65 68 72 77 80
18 80 77 77 63 64 66 70 74 79 83
19 82 81 80 64 64 67 71 76 81 86
20 86 85 85 64 65 68 73 78 84 89
21 89 89 89 65 65 69 75 81 87 93
22 92 93 94 66 66 70 77 83 91 97
23 96 96 100 66 67 72 79 87 95 101
24 100 100 104 67 68 74 82 90 98 105
25 105 104 109 68 70 76 85 93 103 110
26 110 108 114 69 71 78 88 97 107 115
27 114 112 118 70 72 80 91 101 111 120
28 119 116 123 71 74 82 94 105 116 125
29 124 120 125 73 76 85 98 109 121 130
30 128 124 128 75 77 87 101 113 125 135
31 132 128 132 77 79 90 105 117 130 140
32 136 132 135 79 81 93 108 121 135 145
33 140 136 138 81 82 95 112 126 139 150
34 145 140 141 83 84 98 116 130 144 155
35 149 144 145 84 86 100 119 134 149 160
36 153 147 147 85 87 103 123 138 153 166
37 157 150 148 86 90 106 127 142 158 171
38 160 153 151 88 92 110 131 147 163 177
39 164 156 155 90 94 113 134 151 168 182
40 168 161 158 91 96 115 138 155 173 187
41 172 166 161 93 98 118 142 159 178 193
42 176 170 164 95 100 121 146 164 183 199
43 180 175 168 96 102 124 150 168 189 205
44 183 180 171 98 105 128 154 174 195 212
45 187 185 175 99 107 130 159 178 200 218
46 192 191 179 101 110 134 163 183 206 225
47 197 196 183 102 112 137 167 189 213 233
48 202 202 187 104 114 140 172 194 219 240
49 208 208 192 106 116 144 177 199 226 248
50 213 214 198 108 119 147 181 206 233 256

a
ety

220 219 204 110 122 152 186 213 241 264
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Time TC #301 TC #302 TC #303 TC #304 TC #305 TC #306 TC #307 TC #308 TC #309 TC #310
(min) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F)

52 226 226 210 113 125 156 193 220 248 273
53 233 232 219 115 128 159 198 226 256 282
54 241 239 225 118 130 163 204 234 265 292
55 249 246 234 120 133 168 210 241 274 301
56 258 253 239 123 136 172 216 249 283 311
57 266 260 245 126 139 176 223 257 291 321
58 275 269 249 129 143 181 229 265 301 331
59 285 277 254 133 147 186 236 274 310 342
60 293 285 258 135 150 191 243 283 320 352

Max Temp: 293 285 258 135 150 191 243 283 320 352
Max Allowed: 389 388 388 386 386 387 387 388 389 389
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Time TC #311 TC #312 TC #313 TC #314 TC #315 TC #316 TC #317 TC #318 TC #319 TC #320
(min)  (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F)

0 64 65 65 64 64 65 64 64 64 65
1 64 65 65 64 64 64 64 64 64 64
2 64 65 65 64 64 64 64 64 64 64
3 64 65 65 64 65 65 65 64 64 65
4 64 65 65 64 65 65 65 65 64 65
5 65 65 65 65 65 65 65 65 65 65
6 65 65 65 65 65 65 65 65 65 65
7 65 66 66 65 65 65 66 66 66 66
8 66 67 67 66 66 66 67 67 67 67
9 67 67 67 66 66 67 68 68 68 68
10 68 68 68 67 67 68 69 69 69 70
11 69 69 69 68 68 70 71 70 70 71
12 70 70 70 69 69 71 73 72 72 72
13 72 71 71 70 70 73 75 74 73 74
14 73 73 72 71 72 75 77 76 75 76
15 75 74 74 72 73 77 79 79 78 79
16 77 76 75 74 75 80 82 81 80 81
17 79 78 77 76 77 82 85 84 83 84
18 82 81 79 78 79 86 88 88 87 88
19 85 83 81 80 82 89 92 91 90 92
20 88 86 84 82 85 92 96 95 94 96
21 92 89 87 85 87 96 100 100 99 101
22 96 93 91 88 91 100 104 105 104 106
23 100 97 94 92 94 104 109 110 109 111
24 104 101 98 95 98 109 115 115 115 117
25 109 105 103 99 103 114 120 121 121 123
26 114 110 107 104 107 119 126 127 127 129
27 119 115 112 109 112 124 132 133 133 136
28 124 121 117 113 117 130 138 139 139 142
29 130 126 123 119 122 136 145 146 146 148
30 135 131 128 124 128 142 152 152 152 154
31 140 137 134 130 133 149 160 158 157 160
32 146 143 139 135 139 156 168 165 163 165
33 151 148 145 141 145 164 176 171 169 170
34 156 154 151 147 151 172 185 178 175 176
35 162 159 156 152 157 180 195 186 181 181
36 167 164 161 158 164 189 205 194 187 187
37 172 168 166 163 170 198 216 202 194 193
38 178 173 170 168 176 208 228 212 201 199
39 183 178 175 173 182 218 241 222 209 207
40 189 183 179 177 189 230 254 233 217 214
41 195 188 184 182 196 243 269 245 227 222
42 201 194 189 187 203 256 286 258 237 231
43 208 201 194 192 211 271 303 272 248 241
44 214 207 200 198 220 287 322 286 259 251
45 221 214 207 205 230 304 342 302 272 262
46 229 222 215 213 241 323 365 319 285 273
47 237 230 222 221 253 344 390 337 299 284
48 245 239 231 230 266 367 418 355 313 296
49 253 247 240 240 280 393 449 376 328 309
50 262 257 250 251 296 421 484 398 344 321

271 267 261 263 312 451 520 421 361 334

a
ety



Project No. 14790-123263 Sandia Nat'l Labs March 11, 2005
Page 198

Time TC #311 TC #312 TC #313 TC #314 TC #315 TC #316 TC #317 TC #318 TC #319 TC #320
(min)  (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F)

52 281 277 271 276 330 483 556 446 378 348
53 290 287 283 289 348 516 594 471 396 362
54 301 298 295 302 367 549 632 498 415 376
55 311 309 306 316 387 581 668 524 434 391
56 321 321 319 330 407 614 704 550 453 405
57 332 332 332 345 428 645 741 577 473 421
58 343 344 344 360 449 678 782 604 493 436
59 354 356 358 375 471 713 824 631 513 452
60 365 368 371 391 493 746 865 657 533 467

Max Temp: 365 368 371 391 493 746 865 657 533 467
Max Allowed: 389 390 390 389 389 390 389 389 389 390
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Time TC #321 TC #322 TC #323 TC #324 TC #325 TC #326 TC #327 TC #328 TC #329 TC #330
(min) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F)

0 64 64 64 63 63 63 62 62 61 61
1 64 64 64 64 63 63 63 62 62 61
2 64 64 64 63 63 63 63 62 62 61
3 64 64 64 64 63 63 63 62 62 61
4 64 65 64 64 63 63 63 62 62 61
5 64 65 65 64 63 63 63 62 62 61
6 65 66 66 65 64 63 63 62 62 61
7 66 67 67 66 65 64 63 63 62 62
8 67 68 68 67 65 65 63 63 62 62
9 68 69 69 69 66 65 64 63 62 62
10 69 71 71 70 67 66 64 63 63 62
11 71 72 73 72 68 67 65 64 63 62
12 72 74 75 74 70 68 66 65 63 62
13 74 76 77 76 71 69 66 65 64 62
14 76 79 79 78 73 70 67 66 64 63
15 78 81 82 81 75 71 68 66 65 63
16 81 84 85 84 77 73 69 67 65 64
17 84 88 89 87 80 75 71 68 66 64
18 87 92 92 90 82 77 72 69 67 64
19 91 95 96 94 85 79 73 71 68 65
20 95 100 101 98 88 81 76 73 70 65
21 100 105 105 103 91 84 78 75 71 67
22 105 110 110 107 95 87 80 77 73 67
23 110 115 116 112 99 90 83 79 74 68
24 116 121 121 117 103 94 86 82 76 69
25 121 127 127 123 108 98 89 85 78 71
26 128 132 133 129 112 102 93 88 81 72
27 134 138 139 135 117 106 96 91 83 73
28 140 145 145 141 123 111 100 94 86 75
29 146 151 152 148 128 115 104 98 88 77
30 152 158 159 154 133 120 108 101 92 79
31 158 165 166 161 139 125 112 104 94 80
32 165 172 173 168 145 130 116 108 97 82
33 171 179 180 175 150 135 120 111 100 84
34 177 186 188 182 156 139 124 115 102 87
35 183 194 196 190 162 145 128 118 105 87
36 189 202 204 197 168 150 133 122 108 88
37 196 209 212 204 174 155 137 125 110 89
38 203 218 220 212 180 160 141 129 112 91
39 210 226 229 220 186 165 145 133 115 95
40 218 235 237 228 192 170 150 136 118 94
41 226 244 247 236 198 175 153 140 121 97
42 235 253 256 244 204 179 157 144 124 97
43 244 263 266 251 210 184 161 148 128 101
44 254 273 276 259 216 190 166 152 131 105
45 264 284 286 267 221 194 170 155 133 107
46 275 295 296 276 228 200 174 159 137 105
47 286 306 308 285 234 205 178 163 139 110
48 297 318 318 293 241 209 183 168 142 110
49 309 330 330 302 248 215 188 172 146 112
50 321 342 342 312 255 221 193 177 149 115

a
ety

333 354 354 321 262 228 199 182 153 116
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Time TC #321 TC #322 TC #323 TC #324 TC #325 TC #326 TC #327 TC #328 TC #329 TC #330
(min) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F)

52 345 367 367 332 271 234 204 187 157 119
53 358 381 380 343 280 242 211 193 160 121
54 372 395 395 353 288 249 218 199 165 126
55 386 409 408 367 297 257 225 206 169 126
56 399 423 423 379 306 264 233 213 173 130
57 413 438 437 390 315 273 241 221 178 131
58 427 451 450 402 325 281 249 228 184 140
59 441 465 464 414 334 290 258 236 188 139
60 455 479 477 426 343 299 267 245 194 143

Max Temp: 455 479 477 426 343 299 267 245 194 143
Max Allowed: 389 389 389 388 388 388 387 387 386 386
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Time TC #331 TC #332 TC #333 TC #334 TC #335 TC #336 TC #337 TC #338 TC #339 TC #340
(min) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F)

0 60 61 61 61 61 61 61 61 62 62
1 60 61 61 61 61 61 61 61 62 62
2 61 61 62 61 61 61 62 62 62 62
3 61 61 62 61 62 62 62 62 62 62
4 61 61 61 62 62 62 62 62 62 63
5 61 61 62 62 63 63 63 63 63 64
6 61 61 62 63 64 64 65 65 65 66
7 61 61 62 63 64 65 66 66 66 67
8 61 61 62 63 65 67 67 67 68 69
9 61 61 62 64 66 68 68 69 69 70
10 61 61 62 64 67 68 69 70 70 71
11 61 61 63 65 68 70 70 71 72 73
12 61 61 63 66 69 71 72 73 74 76
13 61 61 64 67 70 73 74 75 76 78
14 61 61 64 68 72 75 77 78 79 82
15 61 61 65 70 75 78 80 81 83 86
16 61 61 66 71 77 81 83 84 87 90
17 61 62 67 74 80 85 87 88 91 95
18 61 62 68 77 84 89 92 94 97 101
19 61 62 70 80 89 95 99 101 104 108
20 61 62 73 85 95 102 106 109 111 116
21 61 62 76 90 101 108 113 116 119 124
22 62 63 79 95 108 115 120 124 127 131
23 62 63 82 101 114 122 128 131 134 139
24 62 64 86 106 121 129 135 139 142 147
25 62 64 89 112 128 136 142 146 150 154
26 63 65 94 119 135 143 149 153 157 161
27 63 65 98 125 142 150 155 160 164 167
28 63 66 102 132 149 157 164 167 171 172
29 64 67 107 138 156 164 172 174 178 178
30 64 68 111 144 163 170 180 182 187 184
31 65 69 116 151 171 178 188 191 196 194
32 65 70 120 158 180 187 197 200 205 203
33 66 72 125 165 189 197 206 210 215 213
34 67 73 130 172 198 206 216 221 226 224
35 67 74 134 179 208 217 227 233 238 238
36 68 76 139 187 218 229 239 246 252 253
37 69 77 143 195 229 242 253 261 267 269
38 70 78 148 204 241 256 267 276 283 286
39 70 80 154 213 254 271 283 292 299 304
40 71 81 160 224 267 286 299 310 317 323
41 72 83 166 235 281 303 316 328 336 343
42 73 85 173 247 296 320 335 348 357 365
43 74 86 180 258 311 338 355 368 378 387
44 75 88 187 272 327 357 375 389 400 409
45 76 90 195 286 344 377 397 412 423 432
46 77 92 204 301 362 398 420 435 447 457
47 78 94 213 317 380 419 444 459 471 481
48 80 96 222 333 400 440 468 484 496 506
49 81 98 232 349 420 463 495 511 522 532
50 82 101 242 367 440 485 521 537 549 559

a
ety

84 103 253 384 462 509 549 565 576 586
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Time TC #331 TC #332 TC #333 TC #334 TC #335 TC #336 TC #337 TC #338 TC #339 TC #340
(min) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F)

52 85 106 263 402 484 533 577 593 604 614
53 87 108 274 419 506 557 606 621 633 641
54 89 112 285 436 528 582 635 651 662 669
55 90 114 296 453 549 607 662 679 691 697
56 92 118 307 470 571 632 688 707 721 725
57 94 121 318 487 592 658 713 735 750 752
58 96 124 329 505 614 682 738 762 777 780
59 98 128 340 522 636 707 764 789 806 807

60 100 131 351 539 658 732 791 816 833 834

Max Temp: 100 131 351 539 658 732 791 816 833 834
Max Allowed: 385 386 386 386 386 386 386 386 387 387
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Time TC #341 TC #342 TC #343 TC #344 TC #345 TC #346 TC #347 TC #348 TC #349 TC #350
(min) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F)

0 62 62 62 62 61 61 61 61 60 60

1 62 62 62 62 61 62 63 66 60 61
2 62 62 62 63 63 65 69 85 60 61
3 62 63 63 64 65 69 77 117 61 61
4 63 63 64 67 68 73 87 155 61 61
5 64 65 66 70 71 78 99 189 61 61
6 65 66 68 73 73 82 113 219 61 61
7 67 68 71 76 77 88 127 245 61 61
8 69 70 73 79 80 95 141 271 61 61
9 71 72 76 83 84 103 155 297 61 62
10 72 74 78 87 89 111 170 322 62 62
11 74 77 81 92 94 119 184 347 62 62
12 77 79 85 97 100 127 198 372 62 62
13 79 82 89 102 106 135 212 396 62 62
14 83 86 93 108 112 143 226 421 62 62
15 87 91 98 115 119 152 241 446 62 63
16 92 95 103 121 126 161 255 469 62 63
17 97 101 109 129 133 170 270 491 62 63
18 103 107 116 136 141 180 286 514 63 64
19 110 114 124 145 149 191 302 536 63 64
20 118 122 133 154 158 202 318 560 63 65
21 126 130 140 163 167 213 333 582 63 65
22 134 138 149 172 177 223 349 605 63 66
23 142 146 156 181 186 235 366 627 64 67
24 150 154 164 191 196 246 383 648 64 67
25 158 162 172 202 206 258 401 669 64 68
26 165 170 180 213 217 270 419 690 65 69
27 171 177 189 224 228 283 438 71 65 70
28 177 183 199 236 240 296 457 731 66 71
29 182 191 209 249 252 310 476 752 66 72
30 189 198 220 262 265 325 496 773 67 74
31 198 208 233 275 278 340 516 794 67 75
32 208 218 245 289 292 355 536 816 68 76
33 220 230 260 304 307 372 557 837 69 77
34 233 244 275 320 323 389 578 859 69 78
35 247 259 291 337 340 407 600 881 70 79
36 263 275 308 354 358 427 623 903 70 80
37 279 293 327 372 376 447 646 925 71 81
38 297 311 346 391 396 468 670 947 71 83
39 315 330 366 411 417 490 694 969 72 84
40 335 350 386 432 439 513 719 991 73 85
41 356 371 407 453 461 537 744 1012 73 87
42 377 394 429 475 484 561 769 1034 74 88
43 400 416 452 498 508 586 794 1056 75 90
44 423 440 474 522 532 612 819 1078 76 91
45 447 464 498 546 558 638 844 1099 76 93
46 472 489 522 571 584 664 869 1119 77 94
47 497 514 548 597 610 691 894 1139 78 96
48 523 540 573 623 637 717 918 1159 79 97
49 550 567 600 650 665 744 942 1178 80 99
50 577 594 627 677 693 771 966 1197 81 101
51 604 622 654 704 720 797 991 1215 81 103
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Time TC #341 TC #342 TC #343 TC #344 TC #345 TC #346 TC #347 TC #348 TC #349 TC #350
(min) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F)

52 632 650 682 731 747 823 1015 1233 82 105
53 660 677 710 758 775 850 1039 1252 83 107
54 687 705 737 786 802 876 1063 1270 84 109
55 714 732 764 813 829 902 1088 1288 85 111
56 741 758 792 841 856 929 1113 1307 86 113
57 768 785 819 868 884 956 1138 1325 87 115
58 795 812 847 896 911 983 1163 1342 88 117
59 822 839 875 924 940 1011 1187 1359 89 119
60 850 866 904 953 968 1039 1211 1374 90 121
Max Temp: 850 866 904 953 968 1039 1211 1374 90 121

Max Allowed: 387 387 387 387 386 386 386 386 385 385
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Time TC #351 TC #352 TC #353 TC #354 TC #355 TC #356 TC #357 TC #358 TC #359 TC #360
(min) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F)

0 60 60 60 60 60 60 60 60 60 60
1 60 60 60 60 60 60 60 60 60 60
2 60 61 61 60 60 60 61 60 61 61
3 60 61 61 61 62 61 61 61 62 61
4 61 62 63 63 64 63 63 63 63 63
5 62 65 65 65 66 65 65 65 65 65
6 64 66 67 67 68 68 67 67 67 66
7 65 68 69 69 70 70 70 69 69 68
8 66 70 71 71 72 72 72 71 70 69
9 67 71 73 73 75 74 74 73 72 71
10 68 73 75 76 77 77 76 75 74 73
11 69 74 77 78 80 80 79 78 77 75
12 70 77 80 82 84 84 82 81 80 77
13 72 80 84 86 89 89 87 85 84 81
14 74 84 88 91 94 94 92 90 89 85
15 77 87 93 96 100 100 97 95 93 89
16 79 92 98 102 107 106 103 100 99 94
17 82 97 104 108 113 113 109 106 104 99
18 87 103 112 117 122 121 116 115 112 106
19 92 112 121 127 131 130 125 124 120 114
20 98 120 130 137 140 139 134 132 129 122
21 103 128 139 145 148 147 142 140 137 131
22 109 135 147 153 156 155 150 148 145 138
23 114 143 155 161 163 162 157 156 153 146
24 120 149 161 168 170 168 165 162 161 154
25 125 155 168 175 176 174 172 169 168 161
26 130 162 174 182 181 180 180 176 176 168
27 135 168 181 189 186 185 187 183 183 176
28 140 173 187 196 191 191 194 190 193 184
29 144 180 194 204 198 200 201 199 202 194
30 149 186 202 213 210 211 210 210 212 204
31 153 194 211 223 222 222 220 221 223 215
32 158 202 221 233 233 233 231 232 235 227
33 163 211 232 244 246 246 243 245 247 239
34 168 220 244 255 259 259 256 258 260 252
35 174 230 256 268 273 273 270 272 274 266
36 182 241 269 281 287 288 285 287 289 281
37 189 252 283 295 302 304 300 302 304 296
38 197 264 297 309 318 321 317 319 319 312
39 205 277 312 325 334 339 334 336 336 329
40 213 290 327 341 351 357 353 354 354 346
41 221 304 344 358 368 376 372 374 372 365
42 230 318 361 376 386 395 393 393 391 385
43 239 332 380 394 404 414 413 413 411 405
44 249 348 400 415 423 433 433 433 432 427
45 259 364 421 436 443 453 453 454 453 449
46 270 380 442 458 463 473 474 474 475 473
47 280 396 463 478 482 494 494 495 498 498
48 291 412 484 498 502 514 516 517 522 524
49 302 427 504 518 521 535 538 539 546 550
50 312 442 524 538 541 556 560 562 571 575

323 458 544 559 561 578 582 584 595 599

a
ety
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Time TC #351 TC #352 TC #353 TC #354 TC #355 TC #356 TC #357 TC #358 TC #359 TC #360
(min) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F)

52 334 473 563 579 581 600 605 608 618 624
53 344 488 582 598 601 622 629 631 642 648
54 354 502 600 618 621 644 652 655 666 673
55 364 517 618 638 641 668 676 679 689 698
56 374 531 636 658 661 691 700 703 713 723
57 384 546 655 678 682 714 724 726 737 749
58 394 560 673 697 702 737 748 749 760 774
59 403 573 691 717 721 759 772 770 782 796
60 413 588 710 736 740 781 793 789 802 824

Max Temp: 413 588 710 736 740 781 793 789 802 824
Max Allowed: 385 385 385 385 385 385 385 385 385 385
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Time TC #361 TC #362 TC #363 TC #364 TC #365 TC #366 TC #367 TC #368 TC #369 TC #370
(min) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F)

0 61 61 61 60 60 61 62 62 62 62
1 61 61 61 61 62 77 62 62 62 62
2 61 61 62 61 64 84 63 63 62 63
3 61 62 62 62 67 94 66 67 63 64
4 62 62 62 64 71 114 71 73 64 66
5 63 63 63 65 77 132 76 77 65 68
6 65 65 65 68 84 149 80 81 66 70
7 66 66 66 70 91 163 84 86 68 71
8 68 67 68 73 98 176 89 90 69 74
9 69 69 70 76 104 188 95 95 71 77
10 71 71 71 79 110 201 102 101 74 80
11 73 73 74 83 117 214 111 109 77 85
12 75 75 77 87 124 226 120 117 80 89
13 78 78 80 91 131 239 131 126 85 94
14 81 82 84 96 138 252 142 138 90 100
15 85 86 88 100 146 264 155 150 95 106
16 90 91 92 106 153 277 175 180 105 119
17 95 95 97 111 161 290 232 258 128 163
18 101 102 104 119 172 309 276 312 159 222
19 109 110 111 127 184 328 326 390 194 284
20 117 118 120 136 196 348 388 493 231 345
21 124 126 128 145 209 367 454 579 270 402
22 132 133 135 154 222 386 524 653 319 464
23 140 141 143 164 236 405 616 728 403 544
24 147 149 152 174 252 424 705 810 499 630
25 154 157 160 185 268 443 786 893 593 709
26 161 164 168 196 285 464 866 975 685 798
27 169 171 177 208 301 485 941 1038 777 882
28 176 179 185 220 318 505 1011 1090 877 961
29 186 189 195 233 335 523 1073 1139 966 1031
30 196 201 206 246 353 541 1129 1187 1031 1092
31 207 213 218 261 370 559 1177 1222 1137 1198
32 219 225 231 276 388 577 1229 1265 1395 1406
33 231 239 244 291 406 595 1281 1310 1433 1442
34 245 254 259 307 423 613 1326 1348 1457 1466
35 259 269 274 323 440 630 1363 1377 1475 1482
36 274 286 291 340 457 647 1390 1407 1487 1493
37 290 303 308 356 473 664 1420 1439 1505 1512
38 307 321 326 372 491 682 1451 1469 1525 1533
39 325 339 344 389 507 699 1478 1493 1536 1545
40 343 358 362 407 525 718 1499 1510 1551 1561
41 362 378 381 425 543 736 1517 1532 1564 1572
42 382 397 401 443 561 755 1538 1554 1572 1582
43 403 417 420 461 578 778 1559 1575 1579 1591
44 423 437 439 480 597 802 1578 1593 1589 1598
45 445 458 460 500 617 827 1594 1611 1602 1612
46 467 480 481 521 638 851 1611 1632 1613 1623
47 490 502 503 542 659 878 1629 1646 1620 1629
48 513 524 525 564 683 901 1646 1665 1633 1643
49 536 547 547 587 708 927 1660 1678 1641 1649
50 560 570 571 612 737 954 1672 1689 1644 1652

a
ety

585 595 596 638 765 979 1682 1697 1654 1661
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Time TC #361 TC #362 TC #363 TC #364 TC #365 TC #366 TC #367 TC #368 TC #369 TC #370
(min) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F)

52 609 619 621 665 792 997 1691 1706 1658 1666
53 634 645 647 692 822 1013 1700 1715 1667 1674
54 659 670 672 720 851 1025 1706 1720 1671 1676
55 684 695 698 748 879 1035 1713 1727 1678 1686
56 709 720 723 776 906 1044 1719 1733 1684 1691
57 734 745 747 802 930 1055 1724 1740 1688 1692
58 759 769 771 828 950 1065 1730 1746 1694 1701
59 783 790 791 852 966 1076 1735 1750 1699 1705
60 804 813 815 874 980 1087 1739 1754 1703 1709

Max Temp: 804 813 815 874 980 1087 1739 1754 1703 1709
Max Allowed: 386 386 386 385 385 386 387 387 387 387
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Time TC #371 TC #372 TC #373 TC #374 TC #375 TC #376 TC #377 TC #378 TC #379 TC #380
(min) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F)

0 62 62 62 62 62 62 62 62 62 62
1 62 62 62 62 62 62 62 62 62 62
2 62 63 63 62 62 62 65 63 66 64
3 63 64 64 63 63 63 70 67 72 69
4 65 66 66 66 65 65 76 71 77 73
5 67 69 69 68 67 67 80 75 81 77
6 70 71 72 71 70 70 83 79 86 80
7 72 74 75 74 72 72 88 81 93 83
8 75 77 79 77 75 76 94 85 101 88
9 79 80 83 80 78 79 103 90 110 95
10 82 83 86 84 81 82 111 96 119 102
11 86 86 90 89 84 86 119 103 128 111
12 90 91 95 94 88 90 129 111 138 120
13 95 96 101 101 93 95 143 119 147 129
14 101 103 108 108 100 102 157 128 155 136
15 108 110 116 116 108 109 171 137 164 145
16 124 126 137 131 125 129 209 153 926 898
17 160 166 190 163 157 183 291 181 1172 1156
18 199 209 271 197 195 247 371 234 1218 1197
19 241 256 338 235 242 315 455 293 1251 1226
20 283 300 411 276 286 388 534 350 1257 1227
21 327 351 494 319 331 474 601 412 1252 1221
22 392 419 577 380 387 557 1093 971 1253 1223
23 506 510 661 485 471 635 1244 1222 1296 1272
24 625 607 745 599 568 71 1251 1237 1321 1300
25 723 700 825 700 666 797 1266 1256 1328 1304
26 823 785 898 797 755 878 1291 1286 1346 1328
27 909 866 965 887 843 949 1314 1316 1370 1350
28 985 941 1030 968 922 1016 1334 1330 1381 1363
29 1053 1013 1089 1041 998 1077 1354 1349 1407 1389
30 1114 1079 1145 1104 1066 1133 1374 1367 1427 1410
31 1166 1138 1193 1158 1127 1182 1396 1390 1444 1428
32 1219 1197 1243 1213 1187 1232 1416 1417 1463 1450
33 1272 1255 1293 1266 1244 1282 1440 1443 1484 1473
34 1319 1306 1337 1313 1296 1326 1455 1459 1498 1490
35 1357 1348 1372 1349 1338 1355 1470 1475 1511 1505
36 1384 1377 1402 1380 1365 1389 1485 1490 1524 1517
37 1415 1408 1435 1411 1398 1422 1501 1506 1537 1532
38 1448 1443 1465 1443 1433 1454 1517 1523 1551 1547
39 1475 1473 1490 1472 1464 1481 1529 1534 1567 1564
40 1497 1496 1510 1494 1489 1504 1546 1549 1576 1573
41 1516 1516 1531 1513 1510 1522 1559 1563 1591 1587
42 1537 1537 1552 1533 1531 1543 1572 1574 1601 1596
43 1558 1559 1572 1553 1552 1564 1580 1580 1609 1606
44 1576 1577 1590 1571 1571 1582 1592 1592 1615 1613
45 1592 1591 1607 1588 1589 1601 1604 1602 1630 1627
46 1608 1611 1625 1606 1608 1620 1616 1613 1638 1635
47 1627 1631 1641 1624 1626 1637 1628 1623 1649 1646
48 1643 1647 1657 1640 1643 1653 1639 1633 1657 1655
49 1657 1662 1671 1654 1657 1667 1648 1640 1663 1661
50 1668 1673 1682 1666 1669 1679 1656 1647 1672 1670

a
ety

1678 1683 1691 1677 1680 1688 1666 1657 1678 1676
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Time TC #371 TC #372 TC #373 TC #374 TC #375 TC #376 TC #377 TC #378 TC #379 TC #380
(min) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F)

52 1687 1693 1700 1686 1689 1697 1672 1661 1683 1682
53 1695 1701 1709 1695 1698 1707 1679 1667 1692 1690
54 1703 1708 1715 1702 1705 1714 1687 1675 1696 1694
55 1710 1715 1723 1709 1712 1721 1691 1678 1700 1699
56 1715 1721 1729 1715 1718 1727 1696 1683 1707 1705
57 1721 1727 1735 1720 1724 1733 1701 1687 1714 1713
58 1726 1733 1740 1726 1730 1739 1706 1693 1717 1717
59 1732 1738 1745 1731 1735 1744 1711 1698 1721 1718
60 1736 1742 1749 1736 1740 1748 1716 1702 1727 1724

Max Temp: 1736 1742 1749 1736 1740 1748 1716 1702 1727 1724
Max Allowed: 387 387 387 387 387 387 387 387 387 387
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Integration Integration Furnace Furnace Furnace Furnace Furnace
E119 Std Furnace of Furnace of E119 Std Probe Probe Probe Probe Probe
Time Average Average Average Average Error #1 #2 #3 #4 #5
(min) (°F) (°F)  (°F'min)  (°F-min) (%) (°F) (°F) (°F) (°F) (°F)
0 68 63 0 0 0.00 65 63 63 bad TC 62
1 254 215 25 139 -154 badTC 229 134 badTC 163
2 441 682 328 588 54.8 badTC 820 426 631 612
3 627 1001 1107 1429 59.5 badTC 1079 777 985 1028
4 814 1063 2072 2461 30.6 1075 1057 911 1046 1102
5 1000 1074 3073 3529 74 1082 1028 959 1054 1111
6 1060 1077 4079 4604 1.6 1078 1011 984 1055 1114
7 1120 1121 5100 5703 0.1 1149 1053 1018 1084 1152
8 1180 1185 6180 6856 0.5 1232 1111 1074 1134 1211
9 1240 1232 7318 8065 -0.7 1272 1146 1127 1178 1253
10 1300 1259 8493 9310 -3.1 1301 1171 1160 1205 1276
11 1328 1294 9698 10587 -2.5 1338 1207 1194 1236 1310
12 1347 1329 10938 11899 -1.3 1368 1245 1230 1270 1343
13 1364 1360 12212 13243 -0.3 1397 1284 1260 1301 1369
14 1381 1386 13514 14616 0.4 1425 1312 1287 1326 1392
15 1396 1404 14841 16012 0.6 1440 1327 1307 1343 1412
16 1410 1415 16182 17421 0.3 1450 1338 1323 1354 1420
17 1424 1416 17530 18836 -0.6 1452 1336 1332 1358 1424
18 1436 1435 18883 20261 -0.1 1464 1375 1350 1384 1445
19 1448 1465 20262 21711 1.2 1510 1431 1391 1435 1467
20 1459 1484 21668 23186 1.7 1542 1465 1427 1471 1479
21 1470 1484 23085 24670 0.9 1536 1466 1444 1481 1475
22 1480 1478 24498 26151 -0.1 1529 1461 1448 1482 1468
23 1490 1480 25909 27630 -0.7 1542 1468 1463 1489 1467
24 1499 1483 27321 29111 141 1550 1479 1480 1500 1465
25 1508 1488 28738 30596 -1.4 1563 1491 1496 1511 1464
26 1517 1496 30160 32088 -1.4 1579 1504 1510 1522 1469
27 1525 1509 31593 33591 -1.1 1595 1521 1525 1534 1479
28 1533 1519 33038 35105 -0.9 1603 1539 1540 1547 1487
29 1541 1529 34493 36628 -0.8 1622 1547 1554 1557 1494
30 1549 1540 35958 38163 -0.5 1633 1558 1563 1564 1505
31 1556 1550 37434 39708 -0.4 1640 1570 1574 1575 1513
32 1563 1559 38919 41262 -0.3 1657 1579 1585 1583 1521
33 1570 1568 40413 42826 -0.1 1664 1586 1594 1591 1530
34 1576 1570 41914 44394 -0.4 1659 1586 1597 1593 1534
35 1583 1572 43417 45965 -0.7 1659 1588 1600 1596 1536
36 1589 1576 44923 47540 -0.8 1666 1592 1605 1599 1539
37 1595 1581 46433 49118 -0.9 1670 1596 1610 1604 1543
38 1601 1586 47947 50701 -0.9 1679 1602 1618 1611 1548
39 1606 1592 49467 52290 -0.9 1688 1605 1623 1615 1554
40 1612 1597 50993 53885 -0.9 1688 1614 1629 1621 1559
41 1617 1603 52525 55485 -0.9 1691 1619 1636 1628 1565
42 1623 1608 54062 57090 -0.9 1699 1624 1643 1634 1571
43 1628 1613 55604 58700 -0.9 1701 1628 1645 1637 1575
44 1633 1618 57151 60316 -0.9 1706 1632 1650 1641 1580
45 1638 1623 58702 61936 -0.9 1713 1641 1657 1648 1585
46 1643 1629 60260 63562 -0.9 1719 1645 1661 1652 1591
47 1648 1634 61823 65193 -0.8 1722 1652 1668 1658 1597
48 1652 1639 63391 66830 -0.8 1727 1655 1672 1663 1601

49 1657 1643 64963 68470 -0.9 1732 1656 1676 1666 1605
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Integration Integration Furnace Furnace Furnace Furnace Furnace
E119 Std Furnace of Furnace of E119 Std Probe Probe Probe Probe Probe
Time Average Average Average Average Error #1 #2 #3 #4 #5
(min) (°F) (°F)  (°F'min)  (°F-min) (%) (°F) (°F) (°F) (°F) (°F)
50 1661 1648 66539 70115 -0.8 1736 1663 1681 1670 1609
51 1666 1654 68121 71766 -0.7 1746 1674 1686 1677 1615
52 1670 1659 69710 73423 -0.7 1746 1678 1692 1683 1620
53 1674 1664 71303 75084 -0.6 1755 1680 1697 1688 1626
54 1678 1669 72901 76751 -0.5 1751 1688 1701 1692 1630
55 1682 1674 74504 78422 -0.5 1760 1694 1706 1698 1635
56 1686 1679 76111 80099 -0.5 1763 1698 1709 1701 1640
57 1690 1684 77724 81780 -0.4 1771 1702 1715 1705 1645
58 1694 1688 79341 83466 -0.4 1773 1704 1719 1710 1649
59 1698 1692 80963 85155 -0.3 1776 1706 1723 1713 1654

60 1701 1696 82588 86849 -0.3 1782 1713 1728 1718 1659
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Furnace Furnace Furnace Furnace Furnace Furnace Furnace
Probe Probe Probe Probe Probe Probe Probe Lab

Time #6 #7 #8 #9 #10 #11 #12 Ambient
(min) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F)
0 62 62 62 62 63 62 62 65
1 251 252 359 153 291 158 161 65
2 778 774 1098 487 791 553 537 65
3 1128 1050 1197 816 1111 916 920 65
4 1161 1110 1161 966 1126 1003 1033 65
5 1150 1131 1126 1031 1122 1025 1064 65
6 1148 1139 1104 1063 1117 1032 1074 65
7 1191 1208 1144 1109 1173 1064 1111 65
8 1272 1282 1206 1166 1241 1120 1176 65
9 1326 1332 1252 1213 1287 1168 1225 65
10 1361 1354 1274 1245 1311 1198 1255 65
11 1411 1382 1314 1275 1342 1230 1291 65
12 1463 1415 1348 1307 1373 1263 1324 65
13 1488 1452 1373 1338 1407 1298 1351 65
14 1519 1479 1400 1364 1435 1324 1374 65
15 1533 1496 1428 1384 1447 1340 1396 65
16 1544 1501 1436 1397 1454 1352 1406 65
17 1534 1500 1430 1404 1450 1355 1411 65
18 1547 1514 1435 1422 1474 1382 1426 65
19 1520 1561 1441 1465 1479 1427 1453 66
20 1502 1583 1440 1498 1471 1461 1472 65
21 1482 1579 1429 1506 1460 1472 1475 65
22 1466 1568 1418 1506 1450 1473 1472 65
23 1464 1561 1414 1501 1446 1472 1467 65
24 1465 1568 1414 1491 1447 1473 1463 65
25 1467 1574 1413 1488 1448 1477 1461 66
26 1473 1584 1419 1491 1453 1486 1465 65
27 1483 1596 1431 1500 1464 1500 1475 65
28 1494 1604 1439 1507 1473 1511 1483 65
29 1502 1613 1448 1515 1482 1522 1491 65
30 1510 1626 1463 1526 1495 1536 1505 65
31 1520 1634 1470 1533 1505 1548 1514 66
32 1529 1640 1478 1541 1515 1557 1521 66
33 1538 1651 1488 1549 1525 1567 1530 66
34 1543 1650 1491 1552 1529 1571 1534 66
35 1546 1650 1495 1554 1532 1574 1536 66
36 1549 1651 1499 1556 1537 1579 1540 66
37 1555 1654 1504 1560 1542 1585 1544 66
38 1562 1654 1509 1564 1547 1589 1547 66
39 1567 1664 1517 1572 1552 1595 1554 66
40 1574 1667 1521 1577 1558 1600 1557 66
41 1580 1674 1526 1581 1564 1606 1563 66
42 1586 1674 1532 1587 1568 1611 1568 66
43 1590 1684 1538 1591 1574 1616 1574 66
44 1595 1688 1545 1595 1580 1621 1578 66
45 1600 1691 1547 1600 1585 1628 1583 66
46 1606 1697 1556 1606 1591 1633 1589 66
47 1613 1700 1562 1610 1596 1638 1593 66
48 1617 1705 1566 1615 1601 1643 1598 66

49 1621 1710 1571 1619 1606 1647 1602 66
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Furnace Furnace Furnace Furnace Furnace Furnace Furnace
Probe Probe Probe Probe Probe Probe Probe Lab

Time #6 #7 #8 #9 #10 #11 #12 Ambient
(min) (°F) (°F) (°F) (°F) (°F) (°F) (°F) (°F)
50 1625 1714 1577 1623 1611 1654 1608 66
51 1632 1718 1585 1629 1617 1660 1613 66
52 1638 1719 1589 1634 1622 1664 1618 66
53 1643 1727 1595 1640 1628 1669 1624 66
54 1648 1734 1599 1646 1634 1675 1630 66
55 1654 1734 1605 1649 1639 1679 1634 66
56 1659 1739 1612 1654 1644 1684 1640 66
57 1663 1744 1617 1659 1650 1690 1645 66
58 1668 1748 1620 1664 1654 1693 1650 66
59 1672 1754 1626 1668 1658 1697 1654 66

60 1676 1754 1631 1671 1663 1701 1658 66
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Appendix E

HEMYC INSTALLATION PROCEDURES
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Appendix F

QA DOCUMENTATION FOR HEMYC INSTALLATION
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Appendix G

QUALITY ASSURANCE DOCUMENTATION
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Quality Assurance Statement

Omega Point Laboratories, Inc. is an independent, wholly owned company incorporated in the
state of Texas, devoted to engineering, inspection, quality assurance and testing of building
materials, products and assemblies. The company has developed and implemented a Quality
Assurance Program designed to provide its clients with a planned procedure of order and
document processing for inspection and testing services it provides to assure conformity to
requirements, codes, standards and specifications. The Program is designed to meet the intent of
ANSI 45.2 Quality Assurance Program Requirements for Nuclear Power Plants, and complies with
the requirements of the ASME Code, SPPE, Military Standards and other less stringent programs.
It is the Laboratory's intention to adhere strictly to this Program, to assure that the services offered
to its clients remains of the highest quality and accuracy possible.

The overall responsibility of the supervision, operation and coordination of this Quality Assurance
Program is that of the Quality Assurance Manager, a person not involved with the performance of
the inspection or testing services, and who is under the full time employ of the Laboratory. This
individual is responsible for implementing and enforcing all procedures presented in the Quality
Assurance Manual and the Procedures Manual. All personnel involved with activities which fall
under the scope of this Program are required to cooperate with the letter and intent of this
Program.

All QA Surveillance documents remain on file at the Laboratory, and are available for inspection
by authorized personnel in the performance of an on-site QA Audit. All materials, services and
supplies utilized herein were obtained with appropriate QA Certifications of Compliance, and the
inclusion of these in this report would not be practical nor useful to the reader.
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Appendix H

PHOTOGRAPHS
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#1: Deck under construction.

#3: Conduit 1A.

#5: LB on conduit 1A.

April 11, 2005
APPENDICES

Page 518

#2: Assembling conduits.

#4: LB on conduit 1A.

#6: Conduit 1B.
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#7: LB on conduit 1B.

#9: Conduit 1C.

#11: LB on conduit 1F.
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#8: LB on conduit 1B.

#10: LB on conduit 1C.

#12: LB on conduit 1C.
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#13: Conduit 1D.

#15: LB on conduit 1D.

#17: Conduit 1E.
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#14: LB on conduit 1D.

#16: LB on conduit 1D.

#18: LB on conduit 1E.
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#19: Conduit 1F.

#21: Support 1H.

#23: Junction box.

April 11, 2005
APPENDICES

Page 521

#20: Support 1G.

#22: JB attachment welds.

#24: Junction box.
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#25: JB thermocouples.

#27: Typical TC attachments.

#29: Joint on conduit 1A.
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#26: JB with supports.

#28: Typical deck penetration.

#30: Cladding conduit 1A.
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#31: Cladding conduit 1B.

#33: Conduit 1B completed.

#35: Cladding LB on conduit 1C.
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#32: Cladding the LB on conduit 1B.

#34: Conduit 1B joint cover.

#36: Cladding LB on conduit 1C.
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#37: Cladding overlap on conduit 1C.

#39: Cladding elbow on conduit 1D.

#41: Conduit 1D completed.
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#38: Banding overlap on conduit 1C.

#40: Cladding LB on conduit 1D.

#42: Cladding LB on conduit 1E.
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#43: Cladding LB on conduit 1E.

#45: Cladding elbow on conduit 1F.

#47: Cladding support 1G.
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#44: Cladding elbow on conduit 1F.

#46: Cladding overlap on conduit 1F.

#48: Stuffing at end of 1G.
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#49: Cladding support 1H.

#51: 1H end details.

#53: Cladding sides of JB.
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#50: Support 1H completed.

#52: Cladding Junction Box.

#54: Cladding JB supports.
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#55: Stitching seams on JB insulation.

#57: Conduits 1A & 1E completed.

#59: Conduits 1B & 1F completed.

April 11, 2005
APPENDICES

Page 527

#56: Cladding conduit 1A.

#58: Conduits 1A & 1E completed.

#60: Conduits 1B & 1F completed.
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#61: Conduit 1B completed.

#63: Conduit 1C completed.

#65: Bottom view of conduit 1D.

April 11, 2005
APPENDICES

Page 528

#62: Conduit 1C completed.

#64: Conduit 1D completed.

#66: Support 1G completed.
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#67: Support 1G completed.

#69: Support 1H completed.

#71: JB completed.
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#68: Support 1H completed.

#70: JB completed.

#72: Lifting specimen onto furnace.
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#73: Lowering onto furnace.

#75: Lowering onto furnace.

#77: Test specimen.
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#74: Lowering onto furnace.

#76: Test specimen.

#78: Test specimen.
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#79: Test furnace overhead view.

#81: Top surface of specimen.

#83: Furnace TC next to conduit E.
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#80: Top surface of specimen.

#82: Typical furnace TC.

#84: Furnace TCs.
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#85: Specimens inside furnace.

#87: Top side, conduit 1A.

#89: Top side, conduit 1D.
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#86: Specimens inside furnace.

#88: Top side, conduit 1C.

#90: Top side, conduits 1F & 1B.
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#91: Top side, item 1G.

#93: Top side, conduit 1B.

#95: Start of test.
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#92: Top side, conduit 1F.

#94: Top side, junction box.

#96: QA team during test.
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#97: End of test.

#99: Specimen after fire test.

#101: Gap in conduit 1A.
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#98: Lifting specimen from furnace.

#100: Specimen after fire test.

#102: Gap in conduit 1A.
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#103: Junction box still hot.

#105: Conduit 1C hot.

#107: Opening in conduit 1D.
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#104: Gap in conduit 1A insulation.

#106: Conduit 1C hot.

#108: Item 1G hot.
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#109: Item 1H hot.

#111: JB support cover gap.

#113: Specimen ready for hose stream.
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110: Junction box hot.

#112: Conduits 1B & 1F hot.

#114: Adjusting nozzle flow.
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#115: Hose stream test. #116: Hose stream test.

#117: Hose stream test. #118: Items 1A & 1E after hose stream.

#119: Trems 1A & IE after hose stream. #120: Items 1A & 1E after hose stream.
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#121: Items 1B & 1F after hose stream.

#123: Items 1B & 1F after hose stream.

#125: Item 1C after hose stream.
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122: Items 1B & 1F after hose stream.

#124: Items 1B & 1F after hose stream.

#126: Item 1D after hose stream.
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#127: Item 1G after hose stream.

#129: Item 1H after hose stream.

#131: JB supports after hose stream.
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#128: Items 1G & 1H after hose stream.

#130: JB after hose stream.

#132: JB with insulation removed.
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#133: Conduit 1D after hose stream.

#135: Conduit 1A gap.

#137: Gap on 1A with collar removed.
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#134: Conduit 1A with collar removed.

#136: 2.5" gap in conduit 1A after collar was
removed.

#138: Conduit 1A with insulation off.
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#139: Conduit 1A LB with insulation off. #140: Open joint on conduit 1B.
#141: Conduit 1B joint at LB. #142: Gap under collar on conduit 1B.

#143: Gap in conduit 1C. #144: Conduit 1C with insulation off.
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#145: Open joint in conduit 1D. #146: Conduit 1E with collar removed.
#147: Conduit 1E with collar removed. #148: Conduit 1E with insulation removed.

#149: Open overlap joint on 1F.



