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FOREWORD
 

GTR Test 21 of the NERVA Irradiation Program 
was performed
 

at the Nuclear Aerospace Research Facility 
(NARF) of the General
 

Dynamics Fort Worth Division for the Space 
Nuclear Propulsion
 

Office, Cleveland, Ohio (SNPO-C) under 
Statement-of Work No. 3
 

, Supplemental Agreement

(Attachment G), Contract AF29(601)-70

77
 

No. 10.
 

The tests described herein were sponsored 
by Aerojet-General
 

ia.- Their purpose was the
 
Corporation, Sacramento, Califo

rn


n on the thermal conduc
study of the effects of nuclear~radiatio


tivity and electrical resistivity 
of metallic and nonmetallic
 

specimens selected for possible application 
in the NERVA space
 

The specimens were furnished by the 
Aerojet-General


engine. 


Corporation, the Westinghouse Astronuclear 
Laboratory, and the
 

National Bureau of Standards Cryogenic Laboratory 
at Boulder,
 

Part I of this document describes 
the Thermal Con-


Colorado. 


ductivity/Electrical Resistivity Test 
(37/RI04) and Part 2 des

cribes the Electrical Resistivity Test 
(37/R201).
 

GTR Test 21 also included a para-ortho 
hydrogen experiment
 

a Beckman hydrogen analyzer experiment (FZK-351-1),
(FZK-351-2 ), 


and a materials test (FZK-351-
4 ).
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SUMMARY
 

The Nuclear Aerospace Research Facility of General Dynamics
 

Fort Worth Division performed two tests for Aerojet-General
 

Corporation in accordance with the test specifications in AGC
 

Report No. RN-S-0411. These tests were:
 

* 	Test 37/R104, Thermal Conductivity/Electrical
 
Resistivity
 

* 	Test 37/R201, Electrical Resistivity
 

The purpose of the' test 37/R104 was to investigate the
 

effects of nuclear radiation on the thermal conductivity of the
 

following selected NERVA materials:
 

,Ti-5 Al-2.5 Sn-ELI
 
Graphite'PO-3
 
Al 7039-T61
 
WANL Beryllium
 

NBS Beryllium
 

The objectives were:
 

1. 	To determine if a change in thermal conductmvity
 
occurred.
 

2. 	To measure the thermal condictivity over a selected
 
temperature range,
 

3. 	To determine if the Wiedemann-Franz Law is appli
cable in predicting thermal conductivity by use
 
of the measured electrical resistivity.
 

Thes& specimens were irradiated in a liquid nitrogen environ

ment to neutron fluences ranging from 5 x 1017 n/cm 2 to 1.3 x
 

1018 n/cm 2 (E > 1 MeV)'. The thermal conductivity and electrical
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resistivity of each specimen was determined before and after
 

irradiation, and after a postirradiation-anneal at ambient tem

perature. Data were obtained at temperatures ranging from 800K
 

to 390 K, dependeing upon the specimen type. The results of
 

this test were:
 

1. 	A change in thermal conductivity occurred in all
 
specimens except the titanium.
 

2. 	The Wiedemann-Franz Law using the ideal Lorenz
 
number does not predict the thermal conductivity
 
of most metals to the accuracy that can be ob
tained using a predetermined preirradiation Lorenz
 
number and is not applicable for those metals
 
where the thermal conductivity is dominated by
 
the lattice components.
 

The purpose of the test 37/R201 was to investigate the ap

plicability of the Wiedemann-Franz Law for predicting the effects
 

of nuclear radiation on the thermal conductivity of the following
 

selected NERVA materials:
 

Graphite PO-3
 
Beryllium
 
Al 7039-T61 (2 specimens)
 
Ti-5 Al-2.5 Sn-ELI
 
Inconel 718
 
A-286
 
Hastelloy X
 
SS-347
 

The 	objectives of this test were:
 

1. 	To measure electrical resistivity over a selected
 
temperature range.
 

2. 	To determine if the Wiedemann-Franz Law is appli
cable in predicting the effects of nuclear radia
tion on thermal conductivity of materials.
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3. 	To determine the temperature-of anneal at which
 
the electrical resistivity of the irradiated speci
mens recovered to their preirradiation values.
 

Electrical resistivity data were measured before irradiation
 
0
 

from 80 K to 300°K, during irradiation at LN2 temperature, and
 

after irradiation from 80°K to 460 K. These specimens were
 

irradiated at LN2 temperature to a neutron fluence of 3.3 x
 

1017 n/cm2 (E > 1 MeV). Data at LN2 temperature were obtained
 

on all specimens in between each temperature step from 800K to
 

460K.. The results of this test were:
 

1. 	A change in electrical resistivity (>1/) occurred
 
in the titanium, graphite, beryllium, aid aluminum
 
specimens.
 

2. 	The Wiedemann-Franz Law is not applicable using
 
the Sommerfeld Value of the Lorenz number.
 

3. 	After annealing, complete recovery was experienced
 
in all specimens except graphite.
 

Figure S-1 is a summary of the percent change in the ther

mal conductivity (Ak) from preirradiation to postirradiation as
 

a function of temperature for each of the materials tested in
 

both experiments. The materials not shown experienced a change
 

of less than 17o. The Ak for the R201 materials were calculated
 

using the Wiedemann-Franz Law and the Sonmerfeld Value (2.44
 

x 10-8 watt-ohm/K2) of the Lorenz number and do not necessarily
 

represent a true picture of the change in thermal conductivity
 

for those specimens. Thermal conductivity for the graphite
 

specimen (37/R201) was not calculated because the Wiedemann-Franz
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Law does not apply for this material. After annealing, all
 

specimens regained their original thermal conductivity values
 

except the graphite specimens in each of the two experiments.
 

The 37/R104 specimens were irradiated at temperatures above
 

77.40 K, as noted in Figure S-l, because they were not in direct
 

contact with the liquid nitrogen.
 

Figure S-2 is a summary of the percent change in electrical
 

resistivity (Ap) from preirradiation to postirradiation as a
 

function of temperature for each of the materials tested in both
 

experiments. Again, only the materials with a change greater
 

than 1% are plotted.
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I. INTRODUCTION
 

The Nuclear Aerospace Research Facility (NARF) at the Fort
 

Worth Division of General Dynamics is conducting a series of
 

tests to determine the effects of nuclear radiation, in com

bination with other environmental factors, on materials proposed
 

for application in the NERVA engine. Aerojet-General Corpor

ation (AGC) has prime responsibility for development of the
 

NERVA engine; the nuclear reactor in the engine is being developed
 

by Westinghouse Electric Corporation.
 

This document reports the procedures and results of tests
 

performed on materials during the irradiation designated GTR
 

Test 21. The purpose of the tests discussed in this document
 

was to determine the effects of radiation on the thermal conduc

tivity and electrical resistivity of several NERVA materials.
 

The tests were performed in accordance with specifications
 

submitted by AGC. The test specimens were supplied by Aerojet-


General, Westinghouse Astronuclear Laboratory (WANL), and the
 

National Bureau of Standards (NBS), Boulder, Colorado.
 

The Thermal Conductivity/Electrical Resistivity Test
 

(37/R104) is reported in Part 1 (Sections II and III) of this
 

document. In this test five specimens of four different mater

ials were irradiated in a liquid nitrogen environment to neutron
 

fluences ranging from 5 x 1017 n/cm 
2 to 1.3 x 1018 n/cm 2
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(E > 1 MeV). 

The Electrical Resistivity Test (37/R201) is reported in
 

Part 2 (Sections IV and V). Ten specimens of eight different
 

materials were irradiated in liquid nitrogen to a neutron
 

fluence of 3.3 x 1017 n/6m 2 (E > 1 MeV).
 

These tests were performed using the Ground Test Reactor
 

(GTR) facility described in Appendix A. The reactor was op

erated for a total of 2310 MWh at different power levels ranging
 

from 0.72 to 7.2 MW.
 

The dosimetry techniques and data are presented in Appendix
 

B. The radiation history of the test is presented in Appendix
 

C. Supplementary data on thermocouple calibration and on the
 

specimens are presented in Appendices D, E, F, and G.
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Part 1 

THERMAL CONDUCTIVITY/ELECmiIUAL RESISTIVITY
 

Test 37/R104
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II. TEST PROGRAM FOR THERMAL CONDUCTIVITY/ELECTRICAL
 
'RESISTIVITY TEST "27/R104
 

The purpose of the Thermal Conductivity/Electrical Resistivity
 

Test was to investigate the effects of nuclear radiation on the
 

thermal conductivity of selected NERVA materials. Specific ob

jectives were:
 

1. 	To measure the thermal conductivity at tempera
tures between 770 and 300oK'
 

2. 	To deteirmine the change in thermal conductivity
 
due to irradiation (by comparison of data taken
 
prior to and following the irradiation)
 

3. 	To determine the applicability of the Wiedemann
-Franzlawto the prediction of thermal..conduc
tivity from the measured electrical resistivity
 

2.1 Material Specimens
 

Five specimens were irradiated and-tested: one of
 

7039-T61; two of beryllium, one supplied by NBS and the other by
 

WANL; one of titanium (Ti-5 Al-2.5 Sn ELI); and one of graphite
 

PO-3. The material properties-of-the specimens are given below;
 

the compositions -of th6 -materialswere provided by AGC, WANL, or
 

NBS as noted.,
 

2.1.1 Aluminum 7039-T61
 

The aluminum specimen was fabricated'from a plate, 0.75 by
 

6.0 by 12 in. (Lot 086681), supplied by the Kaiser Department of
 

Metallurgical Research. The specimen diameter was- 0.442 cm and
 

2 .
its 	cross-sectional area 0.153 cm
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Composition (wt %) of Aluminum Specimen
 
(Data provided by AGC)
 

Kaiser AGC
 
slement Analysis Analysis
 

A1 92.5 93.1
 
Zn 3.86 3.75
 
Mg 2.86 2.45
 

Mn 0.25 0.23
 
Cr 0.21 0.20
 
Fe 0.17 0.16
 

Sn 0.07 0.07
 
Cu 0.03 0.06
 
Ni 0.01 0.02
 

tSpectrographic
 

2.1.2 NBS Beryllium
 

The NBS beryllium specimen was furnished to NBS by Paul
 

Wagner of the Los Alamos Scientific Laboratory. The specimen's
 

axis was perpendicular to the pressing axis. The diameter was
 

2
0.368 cm and the cross-sectional area 0.106 cm .
 

Composition (wt %) of NBS Beryllium
 
(Data provided by NBS)
 

Be 96.53 Mn 0.054 
BeO 3.20 B < 1 ppm 
Al 0.13 Li <I ppm 
Ni 0.089 

2.1.3 WANL Beryllium
 

The WANL beryllium specimen (WANL PDS-30018) was machined
 

from Brush Beryllium S-200 grade vacuumhot-pressed block. The
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axis of the specimen was in the transverse direction (perpendic

ular to the pressing direction). The specimen density was 1.86
 

g/cm3 and the grain size was estimated to be ASTM No. 7. The test
 

specimen had adiameter of 0.442 cm and a,cross-sectional area of
 

2 .
0.153 cm


Composition (wt %) of WANL Beryllium
 
(Data provided by WANL)
 

Be 98,.4 Si. 0.04
 
BeO 1.7 Ti 0.024
 
Fe 0,14 Ni 0.022
 

C .0.13 Mn 0..015.
 
Cr 0.12 Cu 0.011 
Al, 0.06 Mg 0.O! 

2.1.4 Titanium (Ti-5 Al-2.5 Sn ELI)
 

The titanium specimen (WANL PDS-30029-B) was machined from
 

hot-rolled annealed and centerless-ground bar 1;0 in; in diameter
 

purchased by WANL from Reactive Metals, Inc. It was ultrasonically
 

tested prior to preparation of the test specimen, which was 1.588
 

cm-in diameter with a cross-sectional area of 1.978 cm2.
 

Composition (wt %) of Titahium
 
(Data provided by WANL)
 

Ti 91.8 C 0.02 
Al. .5.4 N .N0.005 

Sn 2.5 B 0.005 
Fe- 0.18 H 49 ppm 
0 0.07 
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2.1.5 PO-3 Graphite
 

The PO-3 graphite thermal conductivity specimen (WANL PDS

30086) was prepared from an isostatically pressed log 7 in. in
 

diameter by 72 in. long purchased by WANL from the Pure Carbon Co.
 

In the isostatic molding process, carefully sized coke particles
 

(-3 mils in diameter) and an appropriate binder are packed into a
 

rubber mold and then hydrostatically pressed under a fluid in a
 

pressure vessel. The resulting compact is cured, carbonized, and
 

graphitized.
 

Specimens were taken in the axial direction (along the axis
 

of the log). The measured density was 1.75 g/cm3 (avg) and the
 

electrical resistivity was 1.55 gj-cm. The test specimen had a
 

2 .
diameter of 1.077 cm and a cross-sectional area of 0.910 cm


2.2 Specimen Test Units
 

The thermal conductivity of each material was determined by
 

measuring the axial heat flow through a small-diameter cylindrical
 

specimen. The design of the test unit, shown in Figure 2-1,
 

closely resembles that employed by NBS in their thermal conduc

tivity program. The thermal conductivity test units and the
 

associated experimental hardware were designed and manufactured
 

at NARF. Technical and design recommendations were provided by
 

both NBS and AGC.
 

As indicated in Figure 2-1, each test specimen was enclosed
 

in a steel container (outer can assembly) that could be evacuated
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Unit Lid Specimen-to-

Lid Adapter
 

TT/C I 
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7.0 cm 

T/c 2. 
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STC 3 ~ 

Specimen 

Fiberglass & 
Aluminum Foil 

Wrap 

Se 
T/C Clamp 

T/C 4 

Specimen Heater 

./ Shield Heater 

Outer Can 
Assembly 

Figure 2-1 	 Simplified Drawing of Thermal Conductivity Apparatus
 
(test unit)
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or filled with an inert gas as required. The upper end of the
 

specimen was attached to the copper lid of the unit; the lid
 

served as a heat sink when the unit was submerged-in a ciyogen
 

.reference bath. The lower end of the specimen was attached to a 

heater that supplied a known amount of heat to the specimen. Heat 

losses from the specimen were minimized by surrounding the speci

men with a heat shield and by evacuating the test unit to below 

10-4 mm-Hg. The heat shield was made of the same material as the 

specimen-so as to have approximately the same temperature distri

bution. However, it should be noted that because of the fragility 

of the graphite, it was necessary to provide a composite shield 

for the graphite unit; this shield consisted of graphite with a 

steel backing separated from the graphite by mica. 

The temperature of each specimen was monitored by means of
 

three Chromel/constantan thermocouples (T/C 1, T/C 2, and TiC 3)
 

located on the specimen as shown in Figure 2-1. A differential
 

thermocouple (T/C 4) was located between the specimen and its
 

heat shield in approximately the same plane as T/C 3. All thermo

couples were referenced to the cryogen bath, so that the measured
 

temperatures represented the difference between the heat-sink
 

temperature and the temperature at the point of measurement on
 

the specimen.
 



In addition to the thermocouples mounted inside the unit, one
 

ungrounded thermocouple (T/C 5) was mounted on top of the unit
 

lid, one grounded thermocouple was embedded in the lid on the
 

centerline of the specimen (Sample T/C), and one grounded thermo

couple was embedded in the lid on the centerline of the reference

ring rim (Ring T/C). These thermocouples were referenced to a
 

solid copper block in the cryogen bath and were used to determine
 

the temperature difference between the heat sink and the cryogen
 

reference bath.
 

All thermocouples were made from Omega 5-mil Chromel and
 

constantan wires insulated with unimpregnated fiberglass. Prior
 

to instrumenting the specimen test units, several thermocouples
 

were made from wire taken from different places in the spools.
 

These thermocouples were calibrated and thermocouple emf-vs

temperature tables were generated using standard procedures. The
 

calibration procedure is presented in Appendix D.
 

Figure 2-2 shows two beryllium specimens, the specimen and
 

shield heaters, the thermocouple clamps, and the specimen-to-lid
 

adapters. All thermocouple clamps were made of copper, with the
 

exception of those used on the graphite specimen. Invar thermo

couple clamps, supplied by AGC, were used with the graphite speci

men to ensure optimum thermal contact between the clamp and the
 

specimen over the temperature range of this experiment.
 

11
 



Specimen-o 
Lid Adapters 

Assembled Unassembled . 
Thermocouple 

Clamps 
Thermocouple 

Clamps 

Figure 2-2 	 Internal Piece Parts of Thermal Conductivity
 

Test Apparatus (Beryllium)
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The specimen shield was clamped to the copper heat sink (unit
 

lid) at the upper end and to a shield heater at the lower end.
 

During the experiment, the specimen and its shield were brought
 

to the same temperature at the location of T/C 3. This was accom

plished by adjusting the shield-heater power until the differen

tial thermocouple T/C 4 between the shield and the specimen
 

indicated zero emf. It was then assumed that the temperature
 

distributions along shield and specimen were approximately the
 

same.
 

Each of the thermocouple leads to the specimen penetrated
 

the shield and was thermally tempered to the outer surface of the
 

shield in the plane of the thermocouple junction. The tempered
 

lengths were held in place with Rokide insulation. Tempering in
 

this case refers to the attachment, thermally, of the thermo

couple lead wires to the shield at a location where the tempera

ture of the shield approaches that of the thermocouple junction.
 

The lead wires were in thermal contact but electrically isolated
 

from the tempering surface. Tempering was desired in order to
 

reduce heat transfer from the thermocouple junction, thereby
 

reducing thermocouple sensing error and conduction losses from
 

the specimen.
 

The specimen heater and shield heaters were designed and
 

manufactured by AGC. All heater mandrels were made of aluminum
 

except the one for the graphite specimen; it was made of graphite.
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The mandrels were first covered with a layer of Rokide; then sev

eral turns of either 5-mil or 10-mil constantan wire were wound
 

around the mandrel over the initial Rokide coating to form the
 

heater element. A final coating of Rokide was applied over the
 

element to hold it in place.
 

Different methods of attaching the specimens to the heat
 

sink were employed, depending upon the specimen material and con

figuration. The specimens were of different diameters to ensure
 

optimum conditions for the measurement of thermal conductivity;
 

some were threaded, others were not. It was therefore necessary
 

to employ different methods of clamping the specimens to the heat
 

sink. These were of two basic types - the specimen was either
 

threaded onto the specimen and the adapter was in turn threaded
 

into the sink or the specimen was threaded directly into the
 

heat sink. In both basic types of attachment, indium was used
 

to enhance thermal contact between the specimen and the heat sink
 

for all materials except graphite, for which a gallium-indium
 

mixture was used.
 

The specimens were attached to the specimen heaters either
 

by threading the specimen into the heater or by pressing the
 

specimen into the heater. In both cases thermal contact was
 

enhanced through the use of indium.
 

Figure 2-3 shows one half of a representative specimen shield
 

with the thermocouple leads tempered to the shield back. Each
 

14
 



OR~ 

0- * 

Figure 2-3 Representative Specimen Shield 



shield was of a thickness which depended upon the diameter of the
 

specimen with which it was to be used. Because of the fragile
 

nature of the graphite shield, a 0.020-in.-thick stainless-steel
 

shield was used to back up the graphite and give it additional
 

support. To prevent contact between the steel and graphite, a
 

0.003-in. layer of mica was sandwiched between them. In the
 

graphite unit, all tempering of the thermocouple leads was to the
 

back of the steel shield rather than to the graphite.
 

Figure 2-4 shows a representative reference ring. The ring 

was used to reference all specimen thermocouples to the cryogen 

bath. As in the case of the specimen thermocouples, which were
 

tempered to the shield, the reference thermocouples were tempered
 

to the reference ring in the vicinity of the thermocouple junc

tions. 

Figures 2-5 through 2-13 show representative thermal con

ductivity units in various stages of assembly. Figure 2-5 de

picts the graphite specimen and one half-shield attached to the
 

unit lid; the reference ring has not been attached. Figure 2-6
 

shows one of the beryllium units with the shield heater attached
 

to one half of the beryllium shield. Figure 2-7 depicts the
 

back side of one of the units before installation of the reference
 

ring. Figure 2-8 shows the aluminum unit with the reference ring
 

attached; the reference ring is clamped to the lid with three 

screws. An indium gasket, 0.0O in. thick, between the ring and 
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the lid enhances thermal contact between the reference ring and
 

the lid. Figure 2-9 depicts the back side of a representative
 

unit with the reference ring installed. Figure 2-10 shows a repre

sentative unit, complete except for the outer can assembly. The
 

shield is wrapped with insulation consisting of one layer of
 

aluminum foil sandwiched between two layers of high-density fiber

glass. Figure 2-11 shows two of the completed units, less outer
 

can assemblies; in this view the external risers from the unit
 

lids can be seen, along with the Vaclon pumps. Figures 2-12 and
 

2-13 depict all five units at various stages of assembly, includ

ing completed units.
 

For the electrical resistivity measurements on the thermal
 

conductivity specimens, current leads were attached to each end
 

of the specimen (at the specimen heater and the test-unit lid).
 

Voltage sense leads were attached to the top (T/C 1) and bottom
 

(T/C 3) thermocouple clamps. The voltage sense leads were made
 

of 5-mil copper wire.
 

2.3 Experimental Equipment
 

2.3.1 Experimental Assembly
 

The experimental assembly used for this test is shown in
 

Figures 2-14 through 2-19. Figure 2-14 is a view of the assembly
 

as seen from the reactor. The shroud door is open, showing the
 

isothermal terminal boxes where all test leads from the specimen
 

test units mated with the leads from the instrumentation. The
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Figure 2-9 Thermal Conductivity Unit with Internal Wiring Completed 
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Figure 2-18 Experimental Assembly Minus LN2 Dewar
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Figure 2-19 Experimental Assembly in North Irradiation Position 



test-unit leads were soldered to the instrumentation leads with
 

low-emf solder. All leads from the instrumentation to the iso

thermal terminal boxes were of shielded thermocouple-grade copper
 

Raychem wire and were approximately 130 ft in length. The iso

thermal terminal boxes were packed with high-density fiberglass 

to provide an isothermal environment. Figure 2-15 shows the rear 

of the experimental assembly. Figure 2-16 is a close-up view of 

the shroud showing the internal wiring and location of shroud 

dosimetry packets. Figure 2-17 is a close-up view of all test 

units welded into the assembly and shows the internal wiring, 

liquid-level probes, and dosimetry packets. Figure 2-18 is a 

rear view of the assembly with the dear removed. Figure 2-19 is 

a view of the assembly in irradiation position during the preirra

diation data cycle. 

A lead and water shield was bolted to the front of the dear 

shroud to shield the wiring inside. The shield consisted of a 

steel tank 1.44 in. thick by 44 in. high by 28.1 in. wide. A 

slab of lead, 1 in. thick by 27 in. high by 25 in. wide, was 

placed inside the tank and the tank was filled with water. The 

proper water level was maintained during the irradiation by means 

of a float valve. 

2.3.2 Vacuum System
 

The test plan required the capability that each unit could 

be evacuated during data cycles or flooded with an inert gas 
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during irradiation. The valves and piping used to accomplish this
 

can be seem in Figures 2-14 through 2-19 of the preceding section.
 

One of the NASA vacuum irradiation systems (Fig. 2-20) was used
 

-
to rough-pump the vacuum lines and test units to below 10 3 mm-Hg
 

so that the VacIon pumps could be started. The 1-liter/sec
 

VacIon pumps (Varian Model 913-0007) were an an integral part
 

of each test unit, as can be seen in Figure 2-11, and were used
 

to obtain a vacuum of less than 10-4 mm-Hg. The Vaclon pumps
 

were instrumented with 130-ft leads of Raychem high-voltage cable,
 

proof-tested to 10,000 V. A 1.5-in. vacuum line was attached to
 

each test unit from a 3-in. header located at the top rear of the
 

assembly shroud. The 3-in. header was attached to the vacuum
 

system through a 3-in. vacuum line 40 ft long. A high-vacuum
 

valve mounted outside the shroud was incorporated in each of the
 

1.5-in. vacuum lines to the test units. With the system in the
 

irradiation position (Fig. 2-19), it was necessary to manually
 

operate these valves from the top of the pool shield with exten

sion tools when flooding the units or when evacuating them.
 

2.3.3 Instrumentation
 

Cryogen-Level System. A liquid-level system was incorporated
 

to continuously monitor and control the liquid level in the dewar.
 

This system consisted of four liquid-level probes - two resistor
 

probes and two thermocouple probes, one of each being a primary
 

and the other a back-up. Each probe contained seven sensors
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Figure 2-20 NASA Vacuum System
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(carbon resistors or copper/constantan thermocouples) mounted in
 

a rake and spaced 29.0, 20.5, 12.0, 10.0, 8.0, 6.0, and 4.0 in.
 

below the underside of the dewar lid. The resistor probe was
 

used with an indicator panel that indicated the liquid level in
 

the dewar; the thermocouple probe was used in conjunction with a
 

Bristol control unit to control the level in the dewar. The out

puts of the thermocouples were converted by the Bristol controller
 

to a pneumatic signal which was used to operate a Fischer Propor

tional Positioner mounted on the LN2 cryogen supply valve.
 

Pressure-Transducer Instrumentation. A CEC differential
 

pressure transducer (j 5 paid) was used to monitor the dewar pres

sure, referenced to atmospheric pressure. The pressure trans

ducer was calibrated prior to the test and its output was moni

tored throughout the test with the Dymec data system, which
 

employs a five-place digital readout. The barometric pressure
 

was recorded in mm-Hg from a calibrated Wallace and Tiernan
 

Model FA 145 pressure gage. The difference between dewar pres

sure and atmospheric pressure proved to be negligible throughout
 

the test because of the large GN2 vents employed on the dewar.
 

Thermal Conductivity/Electrical Resistivity Instrumentation.
 

The voltage measurements required for thermal conductivity and
 

electrical resistivity determinations were made with a Leeds and
 

Northrup K-3 potentiometer facility in conjunction with associ

ated switching and electrical circuits. Figure 2-21 depicts all
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instrumentation used, with the exception of the Dymec data system.
 

The power to the specimen heaters and the shield heaters was sup

plied by Kepco power supplies, Models SM 75-2 AM and SM 325-1 AM,
 

respectively. Figure 2-22 is a simplified schematic of the
 

thermal-conductivity electrical setup. Since the test leads con

necting the instrumentation to the thermal conductivity units
 

were approximately 130 ft long, voltage-sensing leads were used
 

on the specimen heaters in order to measure the voltages accu

rately at the heater terminals. The heater currents were deter

mined by measuring the voltage drops across precision resistors in
 

the heater circuits. Both the heater voltages and the voltage
 

across the resistors were measured with a Dana digital voltmeter.
 

Figure 2-23 is a simplified schematic of the electrical
 

resistivity setup. The current to the specimens was supplied by
 

a Hewlett Packard Model 6226A power supply.
 

2.4 Test Procedures
 

2.4.1 Prototype Test
 

Two prototype test units incorporating NBS standard beryl

lium specimens were constructed and completely checked out before
 

initiating construction of the final test units. During construc

tion and testing of the prototypes, several modifications to the
 

heaters were made before workable ones were obtained. The proto

type units Were checked out completely over the temperatures
 

ranging from 77 .40 K to 1800 K. A comparison of the data obtained
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on the prototype units with data previously obtained on these
 

specimens by NBS over the applicable temperature range indicated
 

that the data correlation was within 8.0% (see Fig. 2-24).
 

Construction of test units to be irradiated in GTR 21 was
 

then initiated. Ten units were to be irradiated, five in LN2
 

and five in LH2; this was later changed to five units in LN2
 

only. Since the LH2 shroud assembly had been completed and was
 

used in the testing of the prototype units, this assembly was used
 

for the irradiation test and fabrication of the LN2 shroud assem

bly was terminated.
 

2.4.2 Preirradiation Test
 

The operational sequence for the thermal conductivity test
 

is illustrated in Figure 2-25. 
With the five thermal conductivity/
 

electrical resistivity test units installed in the experimental
 

assembly, LN2 flow into the dewar was initiated. After the
 

initial checkout procedures were completed, the test units were
 

evacuated and allowed to come to thermal equilibrium at zero
 

heater power. The test specifications stated that thermal equili

brium would exist when the outputs of all thermocouples inside
 

the test apparatus remained constant with + 1 gV for a minimum
 

of 1 hour. At thermal equilibrium with no heater power applied,
 

small thermocouple outputs were due to .thermal emfs generated in
 

the test leads. In general, these outputs were less than 2 AV
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except for the titanium unit which indicated a maximum of 4.2 AV.
 

After~zero-power thermal equilibrium was achieved, electrical
 

resistivity data were taken. This was accomplished by first meas

uring the thermoelectric force of the specimen relative to the
 

thermocouple clamps and sense leads with zero current flow through
 

the specimen. The potential developed across a given length of
 

the specimen (140 mm) with a known current flow through the speci

men was measured to determine the electrical resistance of the
 

specimen. The current direction was then reversed and the poten

tial developed in this reverse direction was measured. From these
 

measurements and the known area and length of the specimen, the
 

resistivity at zero-power thermal equilibrium (77 .40 K) was deter

mined.
 

After compievion o 
une above steps, the thermal conductivity
 

and electrical resistivity of each specimen was determined for the
 

temperature gradients specified in the test specification (Ref. 3).
 

However, the maximum specified temperature gradients could not be
 

reached for all the specimens because of limitations on maximum
 

heater power. To avoid burnout of the heaters, the maximum usable
 

power was determined in tests conducted in the laboratory on
 

individual heater elements prior to the startup of the thermal
 

conductivity test.
 

To .establish the desired temperature gradient, the power to
 

the specimen heater and shield heater was adjusted until the
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approximate temperature gradient was attained. The power to the
 

shield heater was then adjusted until the output of the differen

tial thermocouple (T/C 4) between the specimen and its sheild was
 

less than + 12 AV, corresponding to a temperature differential of
 

less than 0.500K at LN2 temperature. The specimen-heater power
 

was maintained at a constant level until thermal equilibrium was
 

obtained. During this time, adjustments were made only in the
 

shield-heater power to maintain the output of T/C 4 at +, 12 pV. 

Thermal equilibrium at power was considered achieved when the 

specimen thermocouple outputs remained constant to within + I AV
 

or + 0.5%, whichever was greater, over a period greater than 1
 

hour. Once thermal equilibrium was obtained for some given tem

perature gradient, thermal conductivity and electrical resistivity
 

data were recorded according to standard procedures. After com

pletion of both thermal conductivity and electrical resistivity
 

measurements, the-power input to the specimen and shield heaters
 

was increased to obtain the next desired temperature gradient.
 

This procedure was repeated until all required data were obtained.
 

2.4.3 Irradiation Test
 

The test'assembly was irradiated in the north irradiation
 

position of the GTR test cell. The GTR test facility is briefly
 

described in Appendix A. The reactor was operated for 2310MWh
 

at power levels ranging from 0.72 MW to 7.2 MW. Dosimetry pro

cedures and data are given in Appendix B, and log of reactor
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operation during the test is given in Appendix C.
 

No thermal conductivity data were taken during the irradia

tion. Prior to the start of the-irradiation, the units were
 

flooded to 1.5 atm of dry helium to improve heat transfer from
 

the specimens to the cryogen bath during irradiation; this was
 

necessary because gamma-ray heating of the specimens is a signifi

cant problem at higher reactor power levels. During the irradia

tion, the theromcouple outputs were monitored and recorded every
 

hour with zero heater power.- Electrical resistivity data were
 

taken approximately every 4 hours during the irradiation. The
 

reactor power level was adjusted during the irradiation to keep

the specimen temperature, except for titanium, below 150°K as
 

indicated by T/C 2. -The maximum temperature for the titant
 

specimen was set at 1750 K.
 

2.4.4 Postirradiation Test
 

The procedures for the postirradiation tests were the same
 

as for the preirradiation tests except that additional tests were
 

run to determine annealing characteristics of the materials. From
 

the start of the preirradiation data cycles until the end of the
 

postirradiation data cycles (after 2310 MWh of irradiation), the
 

liquid nitrogen in the dewar was maintained at a level several
 

inches above the lids of the thermal conductivity units. Upon
 

the completion of the postirradiation data cycles, the liquid
 

nitrogen was allowed to boil off and the dewar and test units
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maintained at ambient temperature for a period of approximately 60
 

hours. After the ambient-temperature anneal, the dewar was again
 

filled with liquid nitrogen and the thermal conductivity and
 

electrical resistivity data cycles were repeated in accordance
 

with the established procedures.
 

2.4.5- PO-3 Graphite Follow-On Test
 

The test procedure.for the IML follow-on testing of the
 

irradiated P0-3 graphite specimen was, essentially, the same as
 

for the preirradiation test. The difference was in measuring
 

thermal conductivity and electrical resistivity data to tempera

tures several hundred degrees higher in order to-determine an

nealing characteristics of the specimen. This was done by using
 

ice and boiling water reference baths, in addition to the LN2
 

reference bath.
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.11I. EXPERIMENTAL-RESULTS
 

Thermal conductivity >(k) and electrical resistivity (p)
 

data were obtained from the five specimens before irradiation,
 

immediately after irradiationj and after a 60-hour anneal at
 

room temperature. Both the-pre- and postirradiation data were
 

taken with the experimental assembly in the irradiation posi

tion; the individual thermal conductivity units were submerged
 

in the liquid nitrogen (LN2 ) reference bath. It is important
 

to note that from the time the preirradiation data cycles were
 

initiated until after the postirradiation data cycles were com

pleted, the test units were continuously submerged in the LN2
 

reference bath.
 

The postirradiation anneal was performed by removing the
 

LN2 from the experimental assembly and allowing the units to
 

warm to room temperature. After approximately 60 hours at room
 

temperature, the-experimental assembly, which was still in the
 

irradiation position, was refilled with LN2 . The test units
 

were allowed time to reach thermal equilibrium and the-postirrad

iation anneal data cycle was-initiated.
 

Several weeks after the postirradiation anneal datawere
 

taken, follow-on testing of the PO-3 graphite specimen was con

ducted. The specimen was removed from its assembly (which had
 

a radioactivity level on the order of 200 R/h at contact) and
 

installed in a new assembly. Data cycles were run using reference
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baths of LN2, ice water, and boiling water. These data cycles
 

were made with and without fiberglass packing in the unit to
 

determine the effect of thermal leakage.
 

Sections 3.1 through 3.4 contain detail descriptions of
 

the data reduction techniques and error analyses used in this
 

report. The following are definitions of the confidence and
 

uncertainty limits as they are used in this report:
 

.Confidence Limits on Individuals- The inter
val having a fixed probability (1-a) of containing
 
future individual test values from the same popu
lation. It is based on the standard deviation of
 
the individual test values.
 

Confidence Limits on the Mean - The interval
 
having a fixed probability (1-a) of containing the
 
true mean of future test values from the same popu
lation. It is based on the standard error of the
 
mean.
 

Uncertainty Limits - The interval resulting
 
from the combination of the random errors and sys
tematic error (bias).
 

Confidence limits on the mean and on individual values may
 

both be used in situations in which a dependent variable (y) is
 

estimated from one or more independent variables (x) by means of
 

a regression equation. The three limits defined are associated
 

with a confidence level of 95%.
 

3.1 Data Reduction
 

The thermal conductivities, k, were calculated from the data
 

using the formula
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k=. d(Qx/A) dE 

dE dT (1) 

where
 

Q = the .heat flux (watts) 

x = the distance of the thermocouple from.
 
the cold source (cm) 

A = the cross-sectional area (cm ) 

E = the thermocouple voltage (gV)
 

dE/dT = the thermoelectric power of the thermo
couple at the given voltage, E, and for
 
the given reference temperature, T
 

In the first phase of the analysis, corrections were made
 

to the output thermocouple voltages. These corrections were
 

necessary because of changes in barometric pressure, reference

ring temperature, etc. A preliminary plot of Qx/A as a function
 

of E was made to check for any gross errors that might have been
 

made in recording the data or in the calculations.
 

Three thermocouple voltages, one from each thermocouple on
 

the specimen were obtained from each run, a run being one setting
 

of Q. A curve generated from the quadratic equation 

2

Qxi/A = B + CEi + DEi i = 1, 2, 3 (2) 

was passed through the 'three points from each run,
 

(El, QXl/A)',.(E2, Qx2/A), 'and (E3. x3/A),
 

to give the values for B, C, and D. The derivative of Equation 2
 

was then used in Equation'l to calculate the thermal conductivity
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for each Ei , Conversion of the Ei to temperature then results 

inthree data points, 

(TI, kl), (T2, k2), and (T3 , k3), 

for each run, where TI is the temperature at T/C 1 (cold end of
 

the specimen), T2 is the temperature at T/C 2, and T3 is the
 

temperature at T/C 3 (hot end of the specimen).
 

The temperature-thermal conductivity data from n runs were
 

combined to give N = 3n data points. These data were processed
 

by use of an IBM 360 computer to give the reported results. The
 

computer program was used to fit the k vs T data [also p (resis

tivity) vs T and p vs q (neutron fluence) data] by the method
 

of least squares to first-, second-, third-, and fourth-order
 

polynomials of the form
 

k- C + C T + C T2 + C4T3 + C T4 i=, 1 2, 3 (3) 

where
 

C's = coefficients to be estimated from the data
 

Tij = ith temperature'for the jth run corres
ponding to the recorded Eij reading
 

kij = estimated thermal conductivity at the
 

ith temperature for the jth run
 

n = number of runs
 

Figure 3-1 is a generic plot of some Qx/A vs E data and
 

Figure 3-2 is the corresponding k vs T plot obtained by the anal

ysis method (individual-run basis described above). As can be
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seen in Figure 3-2, a k-vs-T curve can be constructed for a given
 

run over the range of temperatures covered in that run. A least

squares fit of the combined-runs data was used to estimate a
 

mean curve to represent the combined data. Statistical limits,
 

along with estimates of the statistical parameters for calculating
 

the various limits, are presented in graphical form and/or in
 

the data tables.
 

The change in thermal conductivity, Ak, from preirradiation
 

to postirradiation was determined from like runs in which the
 

three temperatures were nearly the same. Since the temperatures
 

were not exactly the same, Equations 1 and 2 were used to cal

culate a preirradiation k and a postirradiation k, k(pre) and k
 

(post), respectively, for the same temperature. For example, if
 

k(pre) = 2.21 at TI = 81.3 0K and k(post) = 1.98 at TI = 82.6°K,
 

Equations 1 and 2 were used to calculate a k(pre) at 82.60 K. Thus,
 

AkI = 1.98 - k(pre) at 82.60 K. Ak 2 and Ak 3 were treated simi

larily. The Akij data were processed the same as the kii data 

with the computer program. 

Thermal conductivities and electrical resistivities vs tem

perature for the various specimens were calculated from the
 

fitted ploynomials selected to represent the mean curve. This
 

was done for several temperatures starting at 800K and increasing
 

in steps of AT°K. Additional calculations made from these fitted
 

data at several temperatures were:
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1. Change in electrical resistivity from preirradi

ation to postirradiation,
 

AP =.P(post) P(pre), (4)
 

for tests Rl04 and R201.
 

2. 	"Effective" Lorenz ratio,
 

Leff = kp/T, 	 (5) 

for preirradiation, postirradiation, and post
irradiation anneal for test R104.
 

3. 	Thermal conductivities using the effective
 
Lorenz ratio,
 

k(post) = Leff(pre)T/p (post) 	 (6) 

for 	test R104.
 

4. 	Thermal conductivities using the Sommerfeld
 
value (LS),
 

kS = LsT/P, 	 (7)
 

for preirradiation and postirradiatin for test
 
R201 and postirradiation for test R104.
 

3.2 Statistical Analysis
 

Statistical methods have been used to aid in the analysis
 

and presentation of the results. As in other situations in which
 

mathematics is used as a tool, assumptions are required. The
 

statistical limits applied to the data are valid only within the
 

framework of the assumed structure of the variation present in
 

the observations, i.e., the errors are assumed to be normally
 

and independently distributed about the fitted curves. Mild
 

departures from normality, however, have little effect on the
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probabilities associated with the t-values used in the confidence
 

limits.
 

The main limitation on the conclusions drawn from the data
 

is the population to which the conclusions apply. A reliable
 

estimate of the experimental error associated with the generali

zation of these results to the whole population of batches of a
 

given material for a giveh temperature or neutron fluence cannot
 

be made from the data. The conclusions apply to the specific
 

specimens used-in this experiment.
 

3.2.1 	Variance of an Average Value and of a Single
 
Estimated Value
 

For this analysis it has been assumed that the observations
 

and parameters are related as expressed by Equation 3. In matrix
 

notation, the data array appears as
 

Y =XC + e
 

where
 

Y= C= e= 

N- Cm+l-J N-Je=:l
 

N = 3n = total number of data points, m = 1, 4 (order of fit), 

and, for an order of fit m = 4, 

T2 T3 T4 1 Ti 

I
 

X
 

1 N 5 N
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Here, Yis either thermal conductivity, ki, or electrical resis

tivity, Pi, and X is either temperature, Ti, or neutron fluence,
 

'iq The
depending upon the data being considered for analysis. 

term e represents some residual-error - the amount of Y not 

accounted for by the regression curve of Y on X. The C's are 

estimated by the method of least squares by minimizing eTe (T
 

superscript denotes transpose). The e's are assumed to have zero
 

mean, constant variance, and to bejuncorrelated.
 

The variance-convariance-matrix of the estimates of the C's
 

for a fixed set of X's is given by.,
 

where -I denotes inverse and a2 *isthe error variance. A term
 e 
2 is defined as.the average sums-of-squares of deviations from
 

the fitted curve and is an estimate of a2 it was calculated for
 

each order of fit, m, and was used in conjunction with-engineering
 

judgment in selecting the degree of the palynomial to represent
 

the data. In other words, the data were fitted to polynomials
 

of first, second, third, and fourth degree, and an 2 was computed
 

for each; the order of fit-was then-selected for which there was
 

little'or no reduction'in s fore a higher order of fit. If there
 

was a small difference in the se the lower drder of fit was
 

generally chosen, or the order of fit was chbsen to give a con

sistent set of polynomials for the preirradiation, postirradiation,
 

and postirradiation anneal data.
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The row matrix of the coefficients of the linear function
 

\.fl$ation 3) of the C's is 

T3 T )=
G (I T T2 


The variance of an average k, K, for a fixed set of tempera

tures is given by
 -i 

Var (i (o[xTx] GT)ae (8) 

The variance of a single estimated value of k, k', for a 

fixed set of temperatures is given by 

Var(k') = (G[XTx]4oGT + I1a2e 

= VarN) + Ae (9) 

Substituting s for a2 in Equations 8 and 9 gives the estimated 

variances, S2. The resulting working equations are. for the ther

mal conductivity data,
 

Var(6) =SI (10)
 

(11)
Var(k') = S211 


and, for the resistivity data, 

Var p) 2 (12) 

S2 (13)Var(p') = , 

3.2.2 Variance of the Calculated Data 

The variance of AP= P(post) - p(pre) was estimated from 

sAP (post) Sp(pre) 

The general approach for determining the variances of the cal
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culated data (Leff, 'S, etc.) trom tne K ana p data was:
 

Let
 

Y =XViZ (14) 

where Y is the dependent variable and X, V, and Z are either in

dependent variables or constants depending upon the Y being cal

cula ted. 

Assume that X, V, and Z (when used as variables) are inde

pendent, and that the function Y - XV/Z varies slowly in the
 

region where the values of the independent variables occur such
 

that it can be represented by the linear terms of its Taylor

series expansion. The variance of Y, Var(Y), is then approxi

mated by
 

Var(Y)z(2jXVar(V) ±(y)2 Var(X) +( 2ifl (15)
2var(z) 


As an example, consider the calculation of the effective 

Lorenz ratio from 

Leff = kp/T (14-a) 

Substituting Leff =.Y, k = X, P= V, and T =,Z = constant 

[Var(Z) - 0] into Equation 15-gives 

Var(Leff) (k) Var(p) + (.) 2 Var(k) (15-a)
 

The substitution of the estimated values for p, k, Var(p),
 

and Var(k) at the selected temperature into Equations 14-a and
 

15-a gives Leff and Var(Leff), respectively. The other quantities
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and the variances thereof are similarly obtained by substitution
 

of the proper estimates into Equations 14 and 15.
 

3.2.3 Confidence Limits
 

The estimated value of Y' for a given X, say X', is
 
mn+l
 

y'= CiX'(i-i~ll) (16)
 

where
 

Y' = k or p 

X = T or 4) 

C-'s = estimates from the fitted curve 

m = order of fit 

.Two sets -of confidence limits were calculated for the 

data: 

I. 	The confidence limits for the mean of all Y'
 
'(expected value of Y') which might occur for
 
a given value of X = V.
 

2. 	The confidence limits for an individual, or 
single, estimated Y' for a given value of X = X'. 

rt has been assumed that the e's (deviations from the fitted
 

curve) are normally distributed. Using the estimated variances
 

for the various results, the following confidence limits were
 

calculated:
 

Y' + taS(mean) 

Y' + taS(individual)
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where
 

S(mean) = ;-[or (17) 

S(individual) = /k I or I (18) 

t. is a tabular t-value
 

For the confidence limits presented, a = 0.05, which is a
 

100(1-a)% = 95% confidence limit.
 

For both sets of confidence limits, Y' was estimated from
 

Equation 16. The second confidence limit is necessarily wider
 

because the variability of the individual Y's is also considered,
 

e.g.,
 

Sk'= S+se 

Similar procedures were used to obtain confidence limits
 

for the calculated results: The estimates obtained from Equa

tion 16 for k and p were used in Equation 14 to give an analagous
 

Y' value at the selected X'. The variances were calculated from
 

Equation 15 by substituting the estimates for the Var(k), Var(p),
 

etc. for the corresponding Var(X), Var(V), etc. However, se(k)
 

S2
Se(p), and when these estimates were combined in Equation 15 to
 

estimate the variance for the function Y = XV/Z, it was necessary
 

to use a different t. for calculating confidence limits for the
 

function. Equation 15 can be used to combine the variances, but
 

a t-value based on the combined degrees of freedom (d.f.) cannot
 

be used; thus, the following approximate t-value, ta, was used:
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r 
Zwitai 

t a i__ 	 r = 2 or 3 (19)r 
Swj
 
i=l1
 

where
 

wi = s2 IN i 

taj = tabular ta corresponding to the d.f. 

associated with the estimate of s2 

3.3 Systematic Bias 

The systematic bias is any fixed deviation that is inherent
 

in each measurement of thermal conductivity in a particular
 

sequence of measurements (Ref. 4). The systematic bias in this
 

experiment results from three factors (Ref. 5):
 

Interface resistance between the specimen and
 
the test-cell lid
 

S1. 


2. 	Transient drift of the specimen and its asso
ciated components
 

3. 	Thermal leakage
 

The thermal interface resistance causes a temperature differ

ential between the end of the specimen and the test-cell lid,
 

which in turn causes the end of the specimen and the temperature
 

readings at the three thermocouple locations to be higher than
 

they would be if no interface resistance were present. If no
 

interface resistance were present, the extrapolated temperature

distribution plots (temperature vs distance along the specimen)
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for all data runs should, theoretically,..intersect at the bath

refirence temperature, i.e., 7.40 K 'atx = 0. he extrapolated 

curves for all materials except the WANL beryllium intercept 

the temperature axis at a temperature greater than 77.4 0K-at 

x = 0. However, data reduction on an individual-run bas-is reduced 

the effect of the interface-resistance, so that there-was little 

or no effect on the'final:results. 

Transient- drift is defind: as an apparent heat leak due to
 

a change of system enthalpy during transient conditions because
 

of the thermal capacitance of the specimen and associated compon

ents. Although all of the specimens except the titanium were
 

sized to keep the error associated with transient drift to no
 

more than 1% of the specimen heater power, it is felt that the
 

transient drift of the specimen and its associated hardware is a
 

significant cause for data shifts. The diameter of the titanium
 

specimen was limited to 0.625 in. so as to maintain at least two
 

specimen diameters between the end thermocouples and pants of the
 

test units which would perturbate the heat flow in order to insure
 

unidirectional heat flow at all points of temperature measurements.
 

Thermal equilibrium, defined as existing when the output
 

of all thermocouples inside the-test apparatus remain constani
 

to within + IpV for a minimum of 1 hour, is difficult and tim
 

consuming to achieve. The following examples are cited:
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I. 	If a data-run temperature is being approached from
 
a lower temperature and the thermocouple outputs
 
are not cycling about an apparent mean, more power
 
than is necessary to achieve the specimen temper
ature differential must be supplied by the specimen
 
heater in order to bring the heater core and thermo
couple clamps, as well as the specimen, to thermal
 
equilibrium. This results in a positive Q-shift
 
when going to a higher AT run.
 

2. 	If the data-run temperature is being approached
 
from a higher temperature, less power is required
 
to achieve the required temperature differential
 
because of the stored energy in the heater core,
 
specimen, and thermocouple clamps. This results
 
in a negative Q-shift when going to a lower AT run.
 

It is felt that transient drift is a possible cause of data
 

shifts for the WANL beryllium and for the NBS beryllium and
 

aluminum in the low-temperature runs. None of the shift for
 

WANL beryllium can be attributed to interface resistance, but
 

the data are still shifted on the plot of Qx/A vs E.
 

Thermal leakage is defined as the difference between heat
 

transmitted by the specimen heater and the heat being conducted
 

through any incremental length of the specimen. Thermal leak

age is a significant cause for data shifts at higher temperatures.
 

It resulted in a positive Q-shift for all materials except
 

the NBS beryllium. It is suspected that the NBS beryllium re

ceived a significant amount of leakage heat from the shield
 

heater.
 

The graphite specimen is believed to have had more thermal
 

leakage than was predicted in the uncertainty analysis (Ref. 6)
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because the shield was constructed of two.dissimilar graphite
 

segments (PO-3 and ATJ).and had a hacking cylinder,of stainless
 

steel which provided an additional parallel heat path. Ref

erence 6 contains predictions for the thermal leakage under.the
 

assumptions of (1) no contact .between shield lainatiosand
 

(2) intimate contact between shield laminations., However, it
 

was assumed in the analysis that the. raphite portion of the
 

shell was of uniform composition. The ATJ graphite has approx

imately twice the thermal conductivity of P0-3 graphite at
 

770K, but the conductivities for the two materials converge at
 

approximately 600'K.
 

Very large thermal leakages are predicted for the titaniu
 

specimen in Reference 6 because of the dissimilar temperature
 

distributions in the specimen and shield. This was-caused by
 

the titanium shell being too thin (0.020 in. thick), resulting
 

in insufficient thermal conductance. At a specimen temperature
 

differential of 3500 K, only 57% of the shield-heater power was
 

conducted along the shell with the balance being transferred
 

to the heat sink through direct thermal radiation and multi

ple reflections. Consequently, the temperature distribution
 

in the shell was influenced almost as much by thermal radia

tion as by conduction.
 

As stated previously, interface resistance is not con
. . 

sidered a problem when the data are treated on an individual
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run basis. The errors resulting from the two remaining factors
 

contributing to the systematic bias, transient drift and thermal
 

leakage, are shown graphically in Figures 3-3, 3-4, and 3-5.
 

These curves, taken from Reference 6, were used in computing
 

the systematic bias of the data presented in this report.
 

The percent specimen heater power at T/C 3 for each AT or
 

setting was determined for each specimen from Figure 3-3,
 

3-4, or 3-5. The systematic bias was calculated from
 

Systematic Bias = (% heater power)(k/C3)
 

where kT/C3 is the thermal conductivity measured at T/C 3 for
 

each data run.
 

For example, the temperature at T/C 3 for titanium Preirradi

ation Run 1 was 97.4 K (Table F-22). From Figure 3-4 the per

cent specimen heater power is 10.4%; this multiplied by an arbi

trary uncertainty factor of 2 gives a total of 20.8%. From
 

Table F-22, kT/C3 for Run 1 is 0.05184 watts/cm-0 K. The systematic
 

bias is then
 

Systematic Bias = (0.208)(0.05184) = 0.01078 watts/cm-0K
 

3.4 Uncertainty Limits
 

The uncertainty limits as used in this report are defined
 

as those limits which arb based on a composite error containing
 

both the random errors and the systematic bias. Confidence
 

limits on an individual value and on the mean are normally used
 

when the variability, or error, is random. However, in some
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cases indentifiable systematic biases may be present in addition
 

to the random error. The two types of errors may then be com

bined to generate a composite error, or overall uncertainty, for
 

the experimental system.
 

There are several ways to compute uncertainty limits. No
 

single form of expression for these limits is universally satis

factory. The choice will depend on the importance in relation
 

to the intended use of the reported value. Common methods of
 

coiputing the uncertainty limits are by taking the root mean
 

square of the systematic bias and the confidence limit on the
 

individual values or the mean, or by the summation of the sys

tematic bias and the confidence limit on the individual values
 

or the mean (Ref. 7). In this report the uncertainty limits
 

for the thermal conductivity data are overall limits of error
 

based on the summation of the 95% confidence limits on the
 

individual values and the systematic bias; this method results
 

in wider limits than would the use of any of the other three
 

methods indicated above.
 

For an example, the systematic bias calculated previously
 

for the titanium Preirradiation Run 1 was 0.01078 watt/cm-Ok
 

at 97.40 K. As noted in Figure 3-4, this bias is assumed to be
 

positive (heat flow away from the specimen). Therefore, the
 

upper uncertainty limit will be the same as the upper 95% con

fidence limit on individuals (0.05480 watt/cm-°K) and the lower
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uncertainty limit will :be the lower 95% confidence limit,minus 

the systematic bias (0.046 - 0.01078 = 0.03522). 

3.5 Thermal Conductivity Test
 

Tables E-l through E-15 of Appendix E present the raw
 

experimental data recorded at thermal equilibrium for.each
 

specified temperature gradient across the specimen. Three
 

data tables are given for each specimen -- one containing the
 

preirradiation data, one containing the-postirradiation.data,*
 

and one containing the postirradiation-anneal data. Most of
 

the data recorded, but not given in the tables, .consist of
 

those measurements taken on each specimen-at specified incre

ments of time to determine what corrections, if any, should-be
 

made to the shield-heater power to bring the specimen and shield
 

into thermal equilibrium. Consequently, the data shown in Tables
 

E-l through E-15 present the outcome of numerous'data cycles
 

during which thermal equilibrium -was-beingapproached and finally
 

achieved.- An explanation of the data appearing in these tables
 

is presented at the beginning of Appendix E.
 

The thermal conductivities at the various temperatures com

puted from the data in Appendix E are tabulated in Tables F-1
 

through F-35 of Appendix F. In addition to the thermal conduc

tivity (given as "Input Data") as calculated by the procedure
 

described in Section 3.1, curve fits have been performed and the
 

confidence limits on the individual and mean values have been
 

computed and tabulated in these tables. The coefficients for
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the equation expressing k as a function of temperature are given
 

along with other related data. Again, the data are given se

parately for the preirradiation, postirradiation, and postirrad

iation-anneal runs. An additional table for each material gives the
 

same type of information for the change in thermal conductivity
 

(Ak) from preirradiation to postirradiation.
 

The test results are presented graphically in Figures 3-6
 

through 3-20. The data from the Appendix F tables are shown as
 

sets of plots; these contain the individual data points, the
 

mean curves computed by the least-squares fit, the 95% confi

dence limits on the individual and mean values, and the 95% un

certainty limits. Where no 95% uncertainty limits are shown,
 

they are the same as the 95% confidence limits on the individual.
 

The equation for the mean curve is shown on each plot.
 

For each material, two groups of plots are given: the first
 

is based on calculations using only selected data runs, i.e.,
 

the low-AT data runs up to a point where excessive shifts in
 

the data appear, and the second group is based on the data from
 

all runs. The Ak plots are based on all data runs.
 

3.5.1 Discussion of Results
 

3.5.1.1 Aluminum
 

Figure 3-6 shows plots of the thermal conductivity vs tem

perature for selected data runs for preirradiation, postirradia

tion, and postirradiation-anneal and the change in thermal con

ductivity due to irradiation. A total of ten data runs were
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made on the aluminum specimen over the temperature range of 80
 

to 360OK; only the first four of these were used to compute the
 

k-vs-T curves in Figure 3-6 because plots of Qx/A vs E and speci

men power vs shield power indicate that thermal leakage was be

ginning to become appreciable after Run 4 (T > 1800 K). Figure
 

3-7 shows plots based on all of the data runs. Figure 3-7(d)
 

is a comparison of the mean curves of the preirradiation data
 

with data from an aluminum snecimen run by NBS.
 

In Section 3.3 it was indicated that transient drift was
 

a possible cause of data shifts in the low-temperature runs.
 

These shifts could be positive or negative, depending on whether
 

the temperature of the data run was being approached from a
 

higher or lower temperature. In the aluminum preirradiation
 

test, two high-temperature runs (Runs 22 and 23) were made be

fore a low-temperature run, as shown in Table E-1. This was
 

done to check the upper limitations of the apparatus. In the
 

postirradiation-anneal test, all temperature runs were made in
 

sequence (see Table E-3), i.e., the low-temperature runs were
 

made first. The difference in the preirradiation and postirra

diation-anneal data in Figure 3-7 is less than 0.6% from 800K
 

to 3600 K. If the transient drift error, as shown in Figure 3-3,
 

is approximately 2% and the bias is such as described in Section
 

3.3, then the difference in the pre- and postirradiation-anneal
 

data, at low temperatures, should be on the order of several
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percent. The experimental data tends to show that the transient
 

drift error for the aluminum specimen is negligible. Even though
 

this is indicated, the uncertainty limits for aluminum are cal

culated as described in Section 3.4.
 

The preirradiation values of k determined from this test
 

ranged from 0.854 watt/cm-0K at 800K to 1.231 watts/cm-°K at
 

1800K for the selected data runs. The postirradiation data
 

ranged from 0.815 watt/cm-°K at 800K to 1.230 watts/cm-OK at
 

1800 K. The preirradiation values determined from all data runs
 

ranged from 0.861 watt/cm-0K at 800K to 1.304 watts/cm-°K at
 

1800 K to 1.739 watts/cm°K at 3600 K. The postirradiation data
 

ranged from 0.812 watt/cm-°K at 800K to 1.299 watts/em-°K at
 

1800K to 1.796 watts/cm-9K at 3600 K.
 

The maximum percent change in k from preirradiation to
 

postirradiation was -5% at 800K, and this was annealed at
 

1920 K.
 

Figure 3-7(d) is a comparison of the GDFWD preirradiation
 

curves and data obtained by NBS (Ref. 8) on a different specimen.
 

Even though the difference may be due in part to the variability
 

of aluminum, these data give added confidence to the data ob

tained in this experiment.
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3.5.1.2 NBS Beryllium
 

total of six data runs were made -in the preirradiation
 

test, four data runs in the postirradiation test,and five data
 

runs in the postirradiation-anneal test. Figure 3-8 is plots
 

of thermal conductivity vs-temperature for selected data runs
 

for preirradiation'(Ruins 1-4), postirradiation (Runs 14), and
 

postirradiation-anneal (Runs 1-4),, and the change in thermal
 

conductivity due to irradiation. Figure 3-9 is plots of thermal
 

conductivity vs temperiature for all data runs and a comparison
 

of the preirradiaf6ndata-with NBS data on 'the same specimen.
 

The disagreement between the GDFWD preirradiation data for
 

the NBS beryllium specimen and the measured data of Powell
 

(Ref. 1) and Hust (Ref.*2) cannot be fully explained. The pro

totype data (Prototypes 1 and 2) agree with the two NBS measure

ments (Powell and Hust) about as well as the two NBS measure

ments agree with each other (see Fig. 2-24). However, the pre

irradiation and postirradiation-anneal data shown in Figures 3-8
 

and 3-9 match the Prototype 2 data at temperatures from 800K
 

to 1200 K, but diverge considerably at higher temperatures. Fig

ure 3410, a plot bf the shield-heater power vs thermocouple emf
 

at Thermocouple 3, shows that the NBS beryllium shield, which
 

is the same one used for -Prototype 1 and identical to the shields
 

used in the Prototype 2 and WANL -berylliumunits, required con

siderably more powdr than did the others for the same temperature
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or thermocouple emf. This would indicate the possibility of a
 

poor thermal contact between the heater and shield. This would
 

cause the shield heater to operate at a considerably higher
 

temperature than it would with good contact. The specimen gets
 

a view of the shield heater so that it is possible for heat to
 

be transferred from the shield heater to the specimen by thermal
 

radiation. This would cause the measured thermal conductivity
 

to appear lower since it would not require as much power from
 

the specimen heater to obtain the desired specimen tempera

ture differential. Unfortunately, the temperature of the
 

shield-heater core was not measured, but it is possible to
 

obtain a rough estimate of the shield-heater-core temperature
 

for the preirradiation measurements based on the assumption that
 

the difference in shield-heater power requirements between the
 

prototype runs and preirradiation runs is caused by thermal
 

contact resistance. It is then possible to compute a temperature
 

differential across the interface between the shield and shield
 

heater to obtain an estimate of the shield-heater-core tempera

ture. A digital computer run was made using the steady-state
 

thermal model for the NBS beryllium unit. It was found that
 

the increase in heat radiated from the-shield heater to the
 

specimen induced a leakage of approximately 2% of specimen-heater
 

power to the specimen at a specimen AT of 1200K. This is shown
 

by the rather large data shifts in the preirradiation data be

tween data Runs 4 and 5. This resulted in a calculated value of
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k that was lower than the actual specimen k.
 

The preirradiation values from Runs 1 through 4 ranged from
 

2.165 watts/cm-°K at 800K to a maximum of 2.570 watts/cm-°K at
 

130 0 K, then decreased to a minimum of 2.283 watts/cm-°K at 180 0 K.
 

The preirradiation values from Runs I through 6 ranged from
 

2.179 watts/cm-0K at 800K to a maximum of 2.520 watts/cm-°K at
 

1400 K, then decreased to a minimum of 1.844 watts/cm-°K at 220 0 K.
 

The postirradiation values (Runs 1 through 4) ranged from 1.180
 

watts/cm-°K at 80'K to 1.715 watts/cm-°K at 1800K. The maximum
 

percent change in k from pre-,to postirradiation decreased as
 

the temperature of the specimen increased and was -25% at the
 

maximum temperature (1801K) at which k was determined for this
 

experiment.
 

During the postirradiation data cycle, k data were taken
 

on the specimen up to a temperature of 1800K. The specimen was
 

allowed to return to LN2 temperatures and the data cycle repeated.
 

Examination of the raw experimental data indicated that annealing,
 

if any, was not detectable, that is, the data repeated to within
 

the precision of measurement ( zl%).
 

After the specimen was warmed to room temperature for ap

proximately 60 hours, the thermal conductivity measurements were
 

repeated. The postirradiation-anneal data indicated a maximum
 

increase of + 3.5% in k with reference to the preirradiation
 

value, which could be an indication that the material had under
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gone some permanent property change due to the environments im

posed upon it in the accomplishment of the experiment. However,
 

since this increase is less than the total uncertainty, definite
 

statements concerning this trend would be suspect, and without
 

further tests to verify this trend, none should be made.,
 

In summary, it can be stated that the change in k of NBS
 

beryllium resulting from the radiation exposure of this experi

ment was significant (45% at 800K), and that the value of the
 

thermal conductivity returned to approximately its preirradiation
 

value after a room-temperature anneal.
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3.5.1.3 WANL Beryllium
 

A total of four data runs each were made in the preirradia

tion, postirradiation, and postirradiation-anneal tests. Figure
 

3-11 shows plots of the thermal conductivity vs temperature for
 

selected data runs (Runs I through 3) for preirradiation, post

irradiation, postirradiation-anneal, and the change in thermal
 

conductivity due to irradiation. Figure 3-12 is plots of the
 

thermal conductivity vs temperature for all data runs (Runs I
 

through 4), and a comparison of the two preirradiation data
 

curves. The systematic error for this specimen was less than
 

0.5%; therefore, the uncertainty limits and the confidence limits
 

on the individual values are plotted as one. Although two sets
 

of curves are shown for these data, the difference in the un

certainty of the two sets is less than 2.5%.
 

The preirradiation values of k determined from this test
 

ranged from 2.998 watts/cm-°K at 800K to 3.331 watts/cm-°K at
 

1200K to a minimum of 2.620 watts/cm-°K at 1800K. The postirra

diation values of k determined from this ranged from 1.317 watts/
 

cm-°K at 800K to 1.846 watts/cm-0K at 1800 K. The maximum per

cent change in k from preirradiation to postirradiaion occurred
 

at 800K, where a decrease of approximately 56% was evident. As
 

in the case of NBS beryllium, the percent change in k from pre

to postirradiation decreased as the temperature of the specimen
 

increased and was approximately -30% at 18O'K. After the
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specimen was warmed to room temperature for approximately 60
 

hours, the thermal conductivity measurements were repeated.
 

The values of k determined from these postirradiation-anneal
 

data fell within 1% of the preirradiation values, indicating
 

complete recovery. Again, as in the case of NBS beryllium,
 

the change from preirradiation to postirradiation-anneal indi

cated'an increasing trend in the value of k. This could indi

cate some slight change in material properties; however, the
 

change is within the precision of measurement and any definite
 

statement concerning this change would be suspect.
 

During the postirradiation data cycle, thermal conductivity
 

data were taken on the specimen up to a temperature of 180 0K at
 

T/C 3. The specimen was then allowed to return to LN2 tempera

ture and the data cycle repeated. As in the case of NBS beryl

lium, the data repeated to within the precision of measurement,
 

and, therefore, it was concluded that annealing at 1800 K, if any,
 

was undetectable within the precision of measurement.
 

In summary, it can be stated that the change in k of WANL
 

beryllium resulting from the radiation exposure of this experi

ment was significant (z 56% at 80 K), and that the value of the
 

thermal conductivity returned to approximately its preirradiation
 

value after a room-temperature anneal.
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3.5.1.4 Titanium
 

A total of eight data runs were made in the preirradiation
 

test, and four data runs each in the postirradiation and post

irradiation-anneal tests. 
Figure 3-13 is plots of the thermal
 

conductivity of titanium vs temperature for selected runs for
 

preirradiation (Runs I through 6), postirradiation (Runs I through
 

3), postirradiation-anneal (Runs I through 3), 
and the change in
 

thermal conductivity due to irradiation. Figure 3-14 is plots
 

of the thermal conductivity of titanium vs temperature for all
 

data runs and a comparison of the preirrddiation data with NBS
 

data (Ref. 8),
 

The preirradiation values (selected data runs) for this test
 

ranged from 0.0475 watt/cm-°K at 800K to 0.0812 watt/cm-0K at
 

2700 K. The preirradiation values from all data runs ranged from
 

0.0485 watt/cm-OK at 800K to 0.0856 watt/cm-°K at 2700 K to 0.1122
 

watt/cm-°K at 3900 K. The postirradiation values (selected data
 

runs) ranged from 0.0472 watt/cm-°K at 800K to 0.0806 watt/cm-0K
 

at 270 K. The postirradiation values for all data runs ranged
 

from 0.0475 watt/cm-0K at 800K to 0.0870 watt/cm-0K at 270 0K
 

to 0.1142 watt/cm-OK at 3900 K. 
The change in k from preirradia

tion to postirradiation is within the uncertainty limits.
 

In summary, it can be stated that, for the purposes of this
 

experiment, there was no change in k of titanium as a result of
 

the nuclear radiation level experienced.
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3.5.1.5 PO-3 Graphite
 

A total of seven data runs were made in the preirradiation
 

test, and five data runs each in the postirradiation and post

irradiation-anneal tests. Figure 3-15 is plots of the thermal
 

conductivity of graphite vs temperature for selected data runs
 

(Runs I through 4) for the preirradiation, postirradiation, and
 

postirradiation-anneal tests, and the change in thermal conduc

tivity due to irradiation. Figure 3-16 is plots of the thermal
 

conductivity of graphite vs temperature for all data runs and
 

a comparison of the preirradiation data with NBS (Ref. 9) and
 

preliminary BMI data (Ref. 10).
 

From the preirradiation data in Figure 3-16(a), it is evi

dent that there are rather excessive data shifts between runs.
 

One occurs between Runs 2 and 3 and another between Runs 4 and 5.
 

The reason for the large shifts between these runs is that a
 

large AT step was made in each case requiring much more power to
 

the shield and specimen heaters. For example, the shield- and
 

specimen-heater powers for Run 2 were 8.69 and 1.15 watts, re

spectively. For Run 3, they were 29.49 and 5.07 watts, respec

tively. .If smaller increments of power were applied to the
 

heaters, these abrupt shifts in the data would not seem as ap

parent. This can be seen, somewhat, in Figure 3-8(a) of the
 

aluminum data.
 

The preirradiation values of k for the selected data runs
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ranged from 0.049 watt/cm-0K at 800K to 0.305 watt/cm-°K at 2800K
 

at 3900 K. At 800K the decrease in k from preirradiation to post

irradiation is 72.7%, and decreases to a value of 61.1% at 2800 K.
 

The postirradiation-anneal data indicated very little re

covery. At 801K the postirradiation-anneal value of k was 0.060
 

watt/cm-0K for the selected data runs, indicating a decrease
 

from the preirradiation value of 66.9% as compared to 72.7% fo

the postirradiation value. While this difference of 5.8% is con

sidered small, the experimental uncertainty at low temperatures
 

is also small so this value probably does represent a recovery
 

trend. At the higher temperatures any recovery trend is masked
 

by the experimental uncertainty, which increases as the tempera

tures increase. At 3700 K the postirradiation-anneal value of k
 

is 0.494 watt/cm-°K, a decrease from the preirradiation value of
 

48.5% as compared to a decrease of 48.7% for the postirradiation
 

value.
 

Figure 3-16(d) shows a comparison of the preirradiation data
 

'with NBS and preliminary BMI data. The NBS and preliminary BMI
 

data were taken using the same specimen. This specimen was ob

tained from GDFWD where it was held as a spare for the GTR-21
 

test. Although the uncertainty in the GDFWD data is reported
 

to range from 25% to 76%, the data agrees with the NBS and BMI
 

data within 13% up to 2800 K. The maximum deviation is 25% from
 

the BMI data at 3800K. This would tend to give added confidence
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in the data and certainly indicate that the uncertainty is,not
 

as large as it appears.
 

In an attempt to determine the annealing effects on the
 

graphite specimen, a follow-on test was conducted several weeks
 

after the irradiation. During this interim period the specimen
 

was stored at room temperature.
 

Figures 3-17 through 3-20 are plots of the thermal conduc

tivity of graphite vs temperature as obtained from the follow-on
 

tests. These data are designated as IML Runs P4 through P15 and
 

are given in Tables F-36 and F-47 of Appendix F. Three different
 

--reference baths - liquid nitrogen, ice water, and boiling water 


were used to obtain data to a maximum temperature of 470
0 K. It
 

should be noted, again; that a new test unit had to be construc

ted and, thus, constituted a new experiment. Following is a list
 

of the different test runs and a descriptive remark about the
 

difference in configurations. The remark "fiber glass" means
 

that fiber glass was packed in the void between the shield and
 

the specimen. 

IML Run Reference Bath Configuration 

P4 IN2 Fiber glass 

P5 LN2 No fiber glass 

P6 IN2 Fiber glass 

P7 LN2 - Fiber glass; new shield 
heate
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IML Run Reference Bath Configuration
 

P8 Ice Water Fiber glass
 

PlO Boiling Water Fiber glass
 

PII LN2 Fiber glass; new shield and
 
specimen heaters
 

P12 LN2 Fiber glass and added fiber
 
glass between heaters
 

P13 LN2 Same configuration as ir
radiation unit.
 

P14 Boiling Water Fiber glass
 

P15 Boiling Water Fiber glass
 

The installation of high-density fiber glass in the void be

tween the shield and the specimen was to reduce the heat leak

age between the two because of the difference in the value of k
 

between the irradiated specimen and the unirradiated shield.
 

The first two runs, P4 and P5, were made with and without fiber

glass packing to see if the heat leakage was reduced by adding
 

the fiber glass. A comparison of the data from Runs P4 and P5,
 

Figure 3-17(a and b), shows a decrease of 4.7% in k at 80 K and
 

an increase of 4.8% at 400 K. It is difficult to draw any defi

nite conclusions from these data because (1) the test apparatus
 

was disturbed by opening it to add or remove the fiber glass,
 

and (2) annealing of the specimen was taking place. It does in

dicate that the thermal leakage is reduced at the higher tempera

tures, although the change in k is overshadowed by the uncertainty
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in the data.
 

Figure 3-20 shows plots of the mean curves for all graphite
 

data. At the completion of the follow-on test, approximately
 

50% of the damage to the specimen had been annealed out.
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3.5.2 Summary
 

Of the materials tested, the graphite specimen exhibited
 

the largest radiation-induced change (72.7%) in the value of k
 

after exposure to the radiation levels of this experiment. The
 

titanium and aluminum specimens exhibited very small changes in
 

k. Of the two beryllium specimens tested, the WANL beryllium
 

indicated a change of approximately 56%, while the NBS beryllium
 

indicated a change of approximately 45%.
 

All of the materials significantly affected by the radiation
 

levels of this experiment (graphite, NBS beryllium, and WANL
 

beryllium) experienced decreases in thermal conductivity. The
 

percent change in the value of k was greater at the lower tem

peratures than at the higher temperatures, indicating that the
 

change in k is temperature-dependent.
 

Aluminum and titanium showed no significant change (< 5%)
 

in k from preirradiation to postirradiation.
 

The NBS beryllium and WANL beryllium indicated no detectable
 

recovery towards their preirradiation value of k after warmup
 

to 1800 K. However, after warmup to room temperature, all the
 

materials except graphite regained, or came close to regaining,
 

their preirradiation value. The graphite specimen experienced
 

only a slight recovery after the room-temperature anneal. The
 

results of a follow-on test on graphite indicated that approxi

mately 50% of the damage had been annealed out.
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3.6 Electrical Resistivity Test
 

The electrical resistivity raw experimental data taken be

fore and after the irradiation are tabulated, along with the
 

thermal conductivity data, in Tables E-l through E-15 of Appendix
 

E. An explanation of the data appearing in these tables is
 

presented at the beginning of Appendix E. The electrical resis

tivity values calculated from the raw data are plotted in Figures
 

3-21 through 3-38 as a function of average specimen temperature.
 

These data,along with the temperature data and electrical resis

tivity data measured during the irradiation,are presented in
 

Tables F-63 through F-100 of Appendix F. The temperatures given
 

for the electrical resistivity data during irradiation are those
 

of the specimen at the location of T/C 2.
 

The method used to obtain the electrical resistivity values
 

from the raw data is discussed below.
 

3.6.1 Data Analysis
 

The resistivity of the specimen was calculated from the
 

forumuia
 

A
 
P=RL
 

In this relationship, A is the area of the specimen (see Sec. 2.1);
 

L is the distance between the upper and lower thermocouples and
 

is the same (14 cm) for all specimens; R is the resistance deter

mined from the data in Appendix E by means of the relationship
 
RF+RR 

2 
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where
 

RF = resistance in forward direction 

- volts across specimen in forward direction 
current through specimen in forward direction 

resistance forward (gV) - thermoelectric rower (gV) 
volts forward (V)/9.745 

RR = resistance in reverse direction 

_ -resistance reverse (gV) + thermoelectric power (gV) 
volts reverse (V)/9.745 

In the equations for RF and RR, the resistance forward and resis,
 

tance reverse is the emf output between T/C 1 and T/C 3 with cur

rent flow through the specimen in the forward and reverse direc

tions, respectively; the thermoelectric power is the emf output
 

between T/C 1 and T/C 3 with no current flow; and the volts for

ward is the voltage drop across a 9.745-Qresistor in series
 

with the test specimen. All data required to calculated RF and
 

RR are presented in Tables E-1 through E-15 for each temperature
 

gradient across the specimen.
 

To illustrate use of the experimental data in obtaining p,
 

the preirradiation value of the resistivity of aluminum at 00
 

AT was calculated as follows:
 

From the geometry of the specimen, A = 0.153 cm2'and L = 

14 cm. 

From Table E-1 

6RF = [91.1 - (-1.6)] x 10-6 = 92.7 x 10-v = 186.22 x 10 
4.8510/9.745 0.49779 
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RR [-(-95.2) + -1.6) 10 - x - _ 6 I0-6 n4.8805/9.745 x 93.6 10 186.89 x0.50082
 

= [186.22 + 186.89 x 10- 6 =,186.55 x I0-62
2] 

Substitution of A, L, and R into the resistivity formula yields 

P = 186.55 x 10-62x 0.153 cm2 = 186.55 x 0.01093 t -cm 
14 cm
 

P = 2.0388 gQ-cm 

When the resistivityswas determined for various conditions
 

of power input to the heaters, p was plotted against the average
 

temperature of the specimen. This average was determined from
 

the temperatures indicated by T/C 1, T/C 2, and T/C 3. It is
 

known that this average temperature is not the true temperature
 

for the value of p calculated. Electrical resistivity is a

function of the temperature, and therefore the value of p,
 

at any point on the specimen, is dependent upon-its distance
 

from the heat source. Therefore, some error is involved in
 

assigning the calculated p to the average specimen. temperature.
 

In fact, where a temperature gradient exists across -a specimen,
 

there is no true value of temperature to assign to the calcu

lated value of p.
 

Electrical resistivity values as a function of temperature
 

are accurate to within 1% at temperatures approaching that of
 

the reference bath, because the specimen temperature gradients
 

are small. The accuracy decreases as the temperature gradient
 

increases and, from oexperimental evidence, could be in error on
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the order of 3% at the higher temperatures. Although this error
 

does exist, for the purposes of this experiment the results are
 

not significantly affected by a possible error in P of this
 

magnitude.
 

3.6.2 Discussion of Results
 

The following is a general discussion of the results of
 

this test based on the interpretation of the curves of Figures
 

3-21 through 3-38. An estimate of the effects of reactor radia

tion on the electrical resistivity of the materials tested is
 

given, based on the change in p from preirradiation to postir

radiation. A comparison between the GDFWD data and NBS data is
 

made.
 

The electrical resistivity data measured during irradiation
 

with the reactor at power is confounded by the effect of temper

ature on the electrical resistivity. As is evident from Table
 

F-100, the temperature (even with helium flooding of the test
 

units) increased considerably with increasing reactor power level
 

and, accordingly, this temperature increase affected the electri

cal resistivity. Because of the dependence of electrical resis

tivity on temperature and, in turn, the dependence of temperature
 

on power level, the electrical resistivity fluctuated with power

level changes throughout the irradiation. In view of this, the
 

only significant resistivity data taken during the radiation
 

period were those data taken during reactor shutdowns when the
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temperature of the specimen approached that of the cryogen refer

ence bath. This was the only condition under which the specimen
 

temperature was constant as a function of time and therefore
 

could be correlated with radiation exposure. These data, for
 

each specimen, are shown in graphical form.
 

3.6.2.1 Aluminum
 

The plots of the electrical resistivity of aluminum as a
 

function of temperature for the test conditions of this experi

ment are presented in Figure 3-21. The uncertainty limits of
 

these data are less than 1.5% and are therefore not plotted.
 

The resistivity increased by 8.1% at 80'K after exposure to the
 

radiation levels of this experiment as shown in Figure 3-21(d).
 

The percent change from the preirradiation data to the postirra

diation data decreased as the temperature of the specimen was
 

increased, and at 2600 K the change was less than 1%. After a
 

room-temperature anneal for 60 hours, recovery was complete.
 

Figure 3-22 presents the NBS data (Ref. 8) and the mean

curve plots of the GDFWD data. Although it is not detectable
 

from this figure, the deviation of the preirradiation GDFWD data
 

from the NBS data is less than 1% over the entire temperature
 

range.
 

The electrical resistivity of aluminum as a function of
 

neutron fluence is presented in Figure 3-23. As can be seen,
 

the resistivity increased as a linear function of neutron fluence.
 

107
 



LEGEN
D 

.N irdatlon - " .- t,*- " ' ' 
,L "|• • Lb.Posrrdloo 

A 95% Confidene Limits 
o he Mee. 5.2 •5.2
 

See Teb. F-03 SeeTableF-64 
B 95% Confidencoomnits 

on1heIndivid l K 

4.4notsown, 4W.e lim, ar KWhr 

7 

on =5.0.101 n/.,n
 

Max T.rr6117*7K 2 
"
 

(E>IMn 
" 6 2

P; 1.093 + 1.197xl -- I 5 - 1.328. 1. 12&O -2 T2+1.214.10 T.97 0 P,~f - .;.
 

% 2.0 _ 
2.0
 

2
70 . ,ila L ISO9 30 270; % 310 70 110 1SO l90. . .e.. - . . . .. .) PO 230 270 310 

C*ot rdn hn An-'" 
 Ine l
d. Ch In lRoslsIlnolty(PN.Io Wo) 

5.2 Sen Table '45 SeeTaboeF-67 

% 
4.4, 

t 3 ~6 
7 2 

p l.102 +I.9T2lO2 T + 804110 T

4 2.8' 

i~oFIMto 230 ''9mo 
" '0T .. p ,1 m i a . 0 K2 O110 , 60 12 0 , 1'1p0 2 0tu K" 2( 280 - 320 

Figure 3-21 Electrical Resistivity of Aluminum as a Function of Temperature 

http:1.214.10


5.0 

4.5 

Post 

Pre & Post Annealed & NBS (Hust, Ref. 8) 

4.0 

E 
U 

0 

3.5 

3.0 

2.5 

2.0 

II 

g0 120 

Figure 3-22 

I I 

160 200 240 

Temperature (OK) 

Comparison of GDFWD and NBS Electrical Resistivity for Aluminum 

280 320 
z 
r 

i1i 

. 



2'.28
 

2.24 

2.20 -

2.16A 
B

0 

2.72 

"0 
0 

20 
A 95% Confidence Limits 

on the Mean 

2.00 

B 95% Confidence Limits 
on the Individual 

p = 2.046 + 2.840x10 19 ' 

se =8.676x10 
-3 

d.f. =3 

1.961 
See Table Ft66 

0 1 

I 

2 

I 

3 4 5 

. I 

6 7 8 
I 

9 10 
z 
-

Neutron Fluence (1017 n/cm2 , E>1 MeV) 

Figure 3-23 Electrical Resistivity of Aluminum as a Function of Radiation Exposure at Zero Reactor Power 



3.6.2.2 NBS Beryllium
 

The plots of the electrical resistivity of NBS beryllium
 

as a function of temperature are presented in Figure 3-24. The
 

resistivity increased by approximately 72% at 80°K after exposure
 

to the radiation levels of this experiment. The percent
 

change decreased as the specimen temperature was increased and
 

approached 50% at 140 0K.
 

A comparison of the calculated P values for the NBS beryl

lium as a function of temperature for the GDFWD and NBS data
 

(Ref. 2) is presented in Figure 3-27 along with the WANL beryl

lium data. The GDFWD data is in excellent agreement (< 1%) with
 

the NBS data at 800K, but deviates from the NBS data by a maximum
 

of 3.2% at 1600 K. The same specimen was used by both facilities
 

and better correlation of data at higher temperatures was ex

pected. The reason the data deviates at higher temperatures is
 

probably because of errors in the GDFWD-assigned values of tem

peratures. In the GDFWD apparatus, since no floating heat sink
 

was used, large temperature gradients were required across the
 

specimen to obtain p at higher temperatures, resulting in larger
 

errors in the calculated value of T to assign to a calculated
 

value of P.
 

The electrical resistivity of NBS beryllium as a function
 

of neutron fluence is presented in Figure 3-25. The resistivity
 

is a linear function of neutron fluence.
 

ill
 



LEGEND 
___________________________ 

A 95% Confidence Limitson te Mlean "1"8 1 / 2.42.6 

B 95% ConfidenceUmits 
on theIhd.viduIl , 

When notshown, limitsare 
koaol to nplot n/ 

.4 

. 

Mo 

' 

Tir r 0125. I'K 

B 
on 1.10Islo /o 

(E>1 his) 

2 

±.4 )T 

4 
31.4 I. 

1P. 

1 
-

0 

' 

9 , 

zoo 

11 

P; 1.20 -OO.2xl3 
=.263- .392xO" T 

i 3.4310
3 

M~~d.= 4A.. 

Sn Tobi F-68 

r70130 , 'AM-• I+ 

7 5 ,5 

170 

2 

in1 

. 

-

. 
2 

2.0 

if, 

-

- 5 

' 

-

c 

Z 

/
/5 

110 

P$ 1.M-999-7.659nl0
1,/7/ 

d° 5 7x2 
2 

FSo TableF-69 

3 150 

T7.197.105'T
2 

17 10 

I'D 0 

o 1.8 0.6 
A 01TO 

"+' 

- ; 

"7Is 

+"1.2, 

"', 

o,. 

, % 
0-w -s 

/ 

']To2114 

PI1.367 - 1.016xI 

o 
3,7x]03 

d. -

So.Table F-P0 

2 
T+ 8223x10" T

2 
+ i0 

0,75 

0.75 
$SaTable F-72 

W_ 

43 

70 

Figure 

__________i___________________I 

'In90' ''10 ,' 

4 Ele a 

130 

istiv 

f,.O" 

ity. 

"170,80 

' , 

"'MJi 

. '..........Brli as a 

590.,. 

Fu 

iI 

100 110 

...n oTemperature 

120 

. 

.00'' 

14 z 

Figure 3-24 Electrical Resistivity of NBS Beryllium as a Function of Temperature 



2.6 -

2.4 

2.2 

2.0 

-E1.8. XB 
"- 1.6 

1.4-

A 

Il 

7 
A 

B 

95% Confidence Limits 
on the Mean 

95% Confidence Limits 
on the Individual 

7Id.f. =3 

1.0 
See Table F-71 

0.8I 

0 2 4 

Figure 3-25 

I I I i I 
6 8 10 12 14 16 18 20 22 

Neutron Fluence (1017 n/cm2 , E>I MeV)b 

Electrical Resistivity of NBS Beryllium as a Function of Radiation Exposure at Zero Reactor Power 

24 
z 
r) 

FI 



3.6.2.3 WANL Beryllium
 

The electrical resistivity data for the WANL beryllium are
 

The resistivity increased by approxipresented in Figure 3-26. 


mately 131% at 800K after exposure to the radiation levels 
of
 

As in the case of aluminum and NBS beryllium,
this experiment. 


the percent change decreased as the temperature was increased,
 

approaching an increase in resistivity of 84% at 140
0 K. A com

parison of the WANL beryllium data with the NBS beryllium data
 

is shown in Figure 3-27.
 

The electrical resistivity of WANL beryllium as a function
 

of neutron fluence is presented in Figure 3-28. Again, this
 

shows a linear relationship with neutron fluence.
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3.6.2.4 Titanium
 

The electrical resistivity of titanium as a function of
 

temperature is presented in Figure 3-29. The data for all con

ditions, pre- and postirradiation and postirradiation-anneal,
 

fall within 1% of each other. The total uncertainty in the
 

change in electrical resistivity is approximately 2%; therefore,
 

the changes in p resulting from the radiation levels of this
 

experiment are questionable.
 

Figure 3-30 presents the calculated p values for titanium
 

as a function of temperature for the GDFWD and NBS (Ref. 8)
 

data. Over the temperature range of this experiment (800 to
 

300'K), the values calculated from the GDFWD data fall within
 

1% of the NBS data.
 

The electrical resistivity of titanium as a function of
 

neutron fluence is presented in Figure 3-31. Again, the increase
 

in electrical resistivity is a linear relationship with the neutron
 

fluence.
 

118
 



LOEND 

A 95"%confidonce Lmt 
onta M.n 

68 168-

B 95% Conflidone .mt 
onth indlvidual 1.0 

Whoanotlmnhonhrmitto0(0/ 

tae-o 
11 

to plat. '" 

/ /" 

Max Tr = ]82,6K 

5 0xl017 n/c 
MoV) 

2 
$ 

5252' 

1 

S136 

"Jc otralto 

"~~~~~~~~s 

1070I0 1 . 
-
nna " ) " 

.(E>IP= 1.286xl0 
2 

+ -.44x10 
1 

7- 6.632xl0 
"5 

T2 
• o 

I 

dE.= 

S* 00 e 
SooTableF-78 

ISO . '230 270% - 310 
Tempnrtio (K) ' 

" ' ' 

I 

136 
70L 

50--

-See 

110 150 

P = 1.311.102 + 1, 100I T
,166×0S 7.189x10-l 

d~f. 2 

TableF-79 

10 ' 230 270 
Tepnrnttirn (K) 

" " 
d 

hng~ 'cno ot 

310 

Rnishv, ty -a 

165.0 
4. C* 

4.0 

2.0 A - 2 

, 
1522 

o 

S+1 
J ' so -2.037.10-' 

4710 
1 

T- 1. 18 10 
- 4 

T
2 -I 

d.f, - 2 

SonTableF-

-2.0 

-3. 

SeaTableF.82 -2 

70 
-' 

l 50 190 
TopaolTnrom(OK) 

230 

-
270 310 80--- -N 1-200 

Tnmpmnlno 
. 

eK) 
240 

-

2W 
-

320 

Figure 3-29 Electrical Resistivity of Titanium as a Function of Temperature 



i90 
NBS Data (Ref. 8) 

180 

170 

Post 

E 160 

EPre & Post Annealed 

H 

0 150 

140 

130 

120 I 
80 120 

Figure 3-30 

160 200 240 

Temperature (oK) 

Comparison of GDFWD and NBS Electrical Resistivity for Titanium 

280 320 
Z 
-

I, 
14 



146 

145 

144 

143 

N, 

FU 142 

-0 

141 

140 

139 

138 

*B 

---

0 

A 95% Confidence Limits 
on the Mean 

B 95% Confidence Limits 

on the Individual 

p = 1.386x10 2 + 1.501x10- 180 

se = 1.657x10 -1 

d.f. = 3 

See Table F-81 

137-Iz 
0 1 2 3 4 5 6 7 8 9 10 

Neutron Fluence (1017 n/cm 2 , E>I MeV) 

Figure 3-31 Electrical Resistivity of Titanium as a Function of Radiation Exposure at Zero Reactor Power 0' 



3.6.2.5 PO-3 Graphite
 

The.electrical resistivity data for PO-3 graphite as a
 

function of temperature are presented in Figure 3-32. The
 

resistivity increased by approximately 52% at 800K after exposure
 

to the radiation levels of this experiment. Unlike the aluminum
 

and beryllium specimens, the percent change in resistivity from
 

preirradiation data to postirradiation data increased as the
 

average specimen temperature increased. At 2300 K the percent
 

change in resistivity had increased to a maximum of 76.5% and
 

then started decreasing to 72% at 2900 K. After a room-tempera

ture anneal, some recovery was evident, but unlike the aluminum
 

and beryllium specimens, the recovery was not complete. At
 

800K the specimen still had an increase of approximately 69%.
 

This can be seen in Figure 3-33, which shows a comparison of the
 

pre- and postirradiation and postirradiation-anneal mean curves
 

and the NBS (Ref. 9) and preliminary BMI (Ref. 10) data.
 

The calculated p values for the preirradiation data agree
 

with the NBS data within 3% at 800K to 5% at 2800 K. The BMI data
 

is preliminary, but it fals between the GDFWD and NBS data. It
 

should be noted, again, that the NBS and BMI data were taken
 

using the same specimen. This specimen was a spare for the GTR

21 test at GDFWD.
 

The electrical resistivity of graphite as a function of
 

neutron fluence is presented in Figure 3-34. These data fit a
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second order polynomial and the increase in electrical resistivi

ty appears to reach a maximum around 8 x 1017 n/cm 2 (E > 1 MeV).
 

The results of the follow on test are presented in Figures
 

3-35 through 3-38. Figure 3-38 is a mean-curve plot of all of
 

the individual test runs. During these tests, the electrical
 

resistivity, at 800K, recovered to approximately 28% of its pre

irradiation value after average specimen temperatures of 470 0K
 

were obtained.
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3.6.3 Summary
 

In summary, it can be stated that all of the materials
 

tested, with the exception of titanium, experienced increases
 

in electrical resistivity after exposure to the radiation levels
 

of this experiment. The WANL beryllium specimen exhibited the
 

greatest radiation-induced changes, while the titanium experi

enced no detectabie changes within the precision of measurement.
 

Of those materials exhibiting a change., all except graphite
 

exhibited less change as the temperature gradient across the
 

specimen was increased. Graphite exhibited an increasing per

cent change in the value of resistivity as the temperature gra

dient increased. All specimens with the exception of graphite
 

experienced complete recovery after a room-temperature anneal.
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.. iwieaemann-rranz Law
 

One of the objectives of this experiment was to determine
 

the applicability of the Wiedemann-Franz Law to the prediction
 

of thermal conductivity by measurement of the electrical resis

tivity of each of the selected materials. The Wiedemann-Franz
 

Law states that the thermal conductivity of a metal should be
 
6 

proportional to its electrical conductivity multiplied by its
 

absolute temperature. This section is divided into two main
 

parts: the first discusses the theory of the Wiedemann-Franz
 

Law in general, and the second discusses the application of this
 

law to the results of this experiment and future experiments
 

where only electrical-resistivity measurements would be performed.
 

3.7.1 Theory of the Wiedemann-Franz Law
 

3.7.1.1 Electrical Resistivity
 

The observed resistance of crystalline solids to electron
 

currents is-a result of electron scattering by deviations from
 

perfect periodicity. The simplest example of such a deviation
 

is the point defect, i.e., the vacancy, the interstitial, or the
 

impurity atom. If annealing effects (which change the defect
 

concentration) are ignored, the electrical resistance due to
 

defects is independent of temperature. Thus, one component of
 

the electrical resistivity is a temperature-independent number,
 

denoted by P0, which is proportional to the defect concentration.
 

Since the defect concentration produced by neutron irradiation is
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usually proportional to the fluence, po can be expected to.in

crease with time of exposure to neutron irradiation, the increase
 

being proportional to the fluence (Ref. 11).
 

Thermal vibrations of the crystal lattice (phonons) are
 

essentially time-dependent deviations from perfect-periodicity
 

and therefore give rise to another component of electrical resis

tivity. Since this thermal component exists even in crystals
 

with no defects, it is often called the ideal resistivity and i
 

denoted by ,Pi. The ideal resistivity is obviously an increasing
 

function of temperature because the frequency of electron-phonon
 

collisions depends on the number of thermal excitations present,
 

on the thermal excitation energy or temperature. Because
i.e,, 


the ideal resistivity depends only on the electron and phonon dis

trihution functios, the effect of radiation on p(T) can be con

sidered f sedond order.
 

The-dependence of'the electrical resistivity of most metals
 

on temperature and radiation daifage tan therefore be summarized
 

by
 

p= Po + Pi 

where Po is the defect resistivity and P. is the ideal resis

tivity. The term P6 increases'in 'diredtproportio
n to the dose
 

received and,' except lor-possible annealing effects, is indepen-'
 

dent of tempeiature The term Pi is independent of the dose
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received and is an increasing function of temperature. Since Pi
 

is independent of dose, the change in p due to irradiation is
 

the same as the change in Po.
 

3.7.1.2 Thermal Conductivity
 

In a metallic crystal, heat is conducted in two distinct
 

ways. The first, and usually the dominant mechansm, is the
 

transport of-energy by conduction electrons.: The second mode is
 

the transport of energy by phonons (coupled vibrati6ns of the
 

lattice). Thus, heat conduction can be expressed by the rela

tionship 

k = ke + kg 

where ke is the electronic thermal conductivity and k is th(
 

lattice thermal conductivity. In discussing the scattering
 

processes which limit the flow of heat, it is more convenien
 

tqwork with the thermal resistivity, which is defined as thE
 

reciprocal of the conductivity. Thus,
 

I_-I- +I1
 

W We Wg
 

where the W's are the thermal resistivitiee
 

Because We is the thermal resistivity due to conduction
 

electron scattering, it is possible to refer to the previous
 

discussion on electrical resistivity and immediately identify
 

the resistivity mechanisms as electron-defect scattering and
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electron-phonon scattering. Thus, in analogy with the expression
 

for electrical resistivity, We is defined as
 

We =W i + Wo
 

where Wi is the electron-phonon thermal resistivity and Wo is the 

electron-defect thermal resistivity. it should be noted, however 

that although the same scattering processes contribute to both 

the, thermal and, the ,electrical res.istivity, there is an important

distinction in how they.,contribute. In treating electrical con

duction the number of electrons flowing along electric field line, 

is important. Thus, the important quantity An -a.scattering in

teraction is the angle of scatter, which determines.the -direction 

of the scattered-electron. Inthermal conduction the energy 

carried by conduction electrons in the direction of the tempera:

ture gradient is important; therefore, both energy and direction

changes duet to scattering must be considered. If, however, the 

energy change.is negligible compared to the initial kinetic 

energy~of the-electron, then the contributions to-boththe elec

trical and thermal resistivities depend only on the angle of 

scatter. For such "no energy'loss" ,scattering processes, it is 

possible to show that the ratio of electrical resistivity to 

thermal resistivity-is given by (Ref. 12) 

p.

- LT 
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wnere L is te Lorenz number 

L = 2.44 x 10- 8 watt-ohm/oK2 

This simple relation, known as the Wiedemann-Franz Law, is appli

cable to defect scattering at all temperatures. Thus,
 

Po
WO = 
LT
 

at low temperatures the analysis of the electron-phonon term 

Wi is complicated by the fact that conduction electrons, which 

have energies of the order of kT, can gain or lose energy through 

collisions with phonons that also have energies arthe oder of 

kT. Thus, at low temperatures it is possible for the electron

energy change to be quite large cbmpared to the initial electron 

energy and the simple Wiedemann-Franz Law to relate Wield P 

cannot be used. 

If the preirradiation value of ke is known, the radiation

induced change in ke can be predicted simply from measurements
 

of the electrical-resistivity change. TO illustrate this, the
 

Wiedemann-Franz Law can be used to obtain
 

k = We= Wi +W Wi
 
,L
ke e 


Since Wi is the electron-phonon thermal resistivity, its change
 

due to irradiation can be ignored. Thus,
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I . = W-+ 'Po t 

ke - Ake LT 

where Ake is the change in electronic thermal conductivity and 

Ap is the change in electrical resistivity. Thus,
 

1.,1 - AP 
ke Ake ke LT
 

which can -be.solved for Ake
 

Ake LT
 

ke
 

As noted earlier ,the thermal conductivity of most metals is 

dominated by the electrical component atmost temperatures.
 

There are, however, some important special cases where the
 

lattice component is, significant. Consider, for example, a metal
 

with a high-defect concentration at a temperature low enough that
 

the electrical resistivity is.due almost entirely to defect
 

scattering. In such a case the electronic component is
 

ke
 PO 

which becomes smaller as p0 is increased, and approaches zero as 

T - 0. Under such conditions the total thermal conductivity 

could easily be dominated by the lattice component. 
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The various components contributing to the lattice thermal
 

resistivity are illustrated by the equation
 

1
 
T Wg = Wge + WD + wB + WP + WPP
 

where Wge is the thermal resistivity due to phonon scattering
 

by electrons, W is caused by scattering by dislocations, W
D B 

due to reflection at boundaries, W is due to point defect scatter

ing,'and W is a result of phonon-phonon scattering. In metals 

the boundary resistance, which decreases in importance as T in

creases, is small compared to Wge at low temperatures and is 

negligible compared to other components at high temperatures. 

The phonon-phonon term is negligible at low values of T, but in

creases in importance as T increases so that it often bec-omes the 

dominant contribution to k at high temperatures in very pure
g
 

specimens. In the present experiment, however, the point-defect
 

concentration seems to be such that is negligible compared
 

to Wp for all temperatures of interest. Therefore, both WB and
 

Wpp are ignored and the relationship reduces to
 

Wg = Wge + WD + WP
 

Theoretical investigations of phonon scattering have shown
 

that at low temperatures both Wge and WD are proportional to
 

T"2 and Wp is proportional toT (Ref. 12). Thus,
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Wg=E/T2 + D/T22 PT
 

where E, D, and P are constants characteristic of the specimen.
 

The first term represents phonon-electron scattering and so can
 

be assumed to be independent of the defect concentration, i.e.,
 

E is not affected by radiation. The parameter D -couldbe
 

radiation-sensitive through the pinning of dislocations by
 

radiation-induced point defects and, possibly, through the forma

tion of dislocation loops from radiation-induced vacancies.
 

However, for the specimens and temperature range of interest, the
 

effect of radiation on P is expected to be much more important.
 

Thus,.the change in lattice resistivity due to irradiation can
 

be assumed to be
 

AW =APT
 

wnere nr is cne cnange-in P and is proportional to the increase
 

in point-defect concentration. Since the electrical resistivity
 

change is also proportional to the change in point defect density,
 

the change in P can be expressed as
 

AP
 
AP=P-


Therefore,
 

W +AWg D + + 1 + AP PT 
g k Ak P p 

and the change in the lattice conductivity is given by
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+ I =-- P PTkg -Akg +kg Po 

kgAk 
-g p0 
kg Ap PT 

Combining -thiswith the previously derived expression for the
 

change in electronic conductivity yields
 

ke k .....
.
 
Ak =Ake +Akg k + 

PI+
+LT 

I +keAP l+kg-AP'PT 

which gives the total change in thermal conductivity in terms of
 

the preirradiation values of ke, kg, Po, and P and the resis

tivity change AP due to irradiation.
 

3.7.1.3 Analysis of the NBS Beryllium Data
 

At very low temperatures the ideal electronic thermal resis

tivity is of the form
 

Wi = AT" 

where A is a constant and nz2. Thus, at very low temperatures
 

the thermal conductivity is of the form
 

k _ + 1 1 + 1 
We AT" +-Po D_+ E + PT 

LT TZ 

From their measurements of k and p in the range 40 to 1000K, 

Powell, Harden, and Gibson (Ref. 13) determined values for the
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parameters p0 , D + E, and P for the same sample used in the
 

radiation-effects test. They first determined P0 directly - it
 

is simply the measured value of p as T-0. They then determined
 

D + E and P and attempted to determine A by a curve-fit method
 

with n = 2.5. Their results are
 

= 4 x 103D + E 

=Po 1.01 Y ohm-cm 

P = 0.01 

in units such that k is given in watt/cm- °K. The value of ATn 

was too small in this temperature range for an accurate determi

nation of A.
 

The data of Powell et al., along with measurements of the
 

electrical-resistivity change AD, were used to analyze the effect
 

of radiation on k. The first step was the separation of the pre

irradiation lattice and electronic components. To do this it was
 

assumed that the values of D + E and P as determined by Powell
 

for the 40 to 1000K range hold also for the 800 to 1600K range.
 

Implicit in this assumption is the additional assumption that the
 

functional form of k, which is valid at low T, can be used up to
 

1600K. This allowed the calculation of the lattice resistivity
 

shown in Figure 3-39. The electronic component was then deter

mined by subtraction from the measured preirradiation values of
 

k, i.e. ke = k - kg. Next, the components of ke were isolated
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by calculating the defect part using the Wiedemann-Franz Law and
 

Powell's value of P0 . The result is shown in.Figure 3-40. The
 

effects of radiation on ke and k are also shown in Figures 3-39
 

and 3-40. These were obtained from the formulas developed in
 

the preceding section. Finally, in Figure 3-41 the measured
 

value of k after irradiation is compared with the prediction des

cribed above. The agreement is good, considering the uncertainty
 

associated with the extrapolation of Powell's data to the tempera

ture range of interest.
 

It can be concluded that the observed changes are consistent
 

with Powell's data and with accepted theories of thermal and
 

electrical conduction. It can also be concluded that the lattice
 

conductivity and its change due to irradiation are too large to
 

ignore. Even if the lattice component is regarded-as completely
 

unknown, a straightforward comparison of the calculated change in
 

ke, which is the most accurate of the calculated quantities, with
 

the observed change in k shows that there must be a significant
 

change in the lattice component.
 

3.7.1.4 Analysis of WANL Beryllium Data
 

Although there are no low temperature data available on the
 

specimen supplied by Westinghouse, some estimates of the various
 

components-of k have been made and these are found to be consis

tent with the pre- and postirradiation data. The first estimate
 

is that the electron-defect resistivity Po is 0.6 pohm-cm for the
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WANL specimen; the value for the NBS specimen is 1.01 pohm-cm.
 

This estimate is based on an extrapolation of the electrical
 

resistivity data to T =0. It is consistent with the fact that
 

the WANL specimen has a lower electrical resistivity and a
 

higher thermal conductivity than the NBS specimen. Since Po is
 

a measure of the defect concentration and the phonon-point defect
 

parameter P is also proportional to the defect concentration,
 

WA L - PN3S = 06 x 0.01 = 0.006 

PoNBS I 

Because no other information was available on which to base
 

an estimate, it was assumed that the phonon-disolocation and
 

phonon-electron terms are the same in the NBS and WANL specimens.
 

It should be pointed out, however, that the dislocation coeffi

cient D is a function of the dislocation density, which depends
 

critically on the.method of preparation of the sample. Never

theless the above mentioned values of Po, P, and D + E were used
 

to separate the components of the lattice and electronic thermal
 

resistivities, just as was done for the NBS specimen. The re

sults are shown in Figures 3-42 and 3-43. The radiation effect
 

was calculated from measurements of Ap as before. The final
 

value of the thermal conductivity is compared with experiment
 

in Figure 3-44. Again, agreement is good, indicating that the
 

estimated breakdown into components is at least consistent with the
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experiment. It is again evident that the lattice component and
 

its change due to irradiation cannot be ignored.
 

3.7.1.5 Analysis of the Po-3 Graphite Data
 

A clue to the conduction mechanisms in graphite can be
 

obtained by looking at the electrical-resistivity data and com

paring it with the data on metals. It is noted that the elec

trical resistivity of graphite is something like a factor of
 
o 

1000 greater than that of a metal at about 100 K. From this
 

it is evident that electronic conduction is not very efficient
 

in graphite and that the lattice component can be expected to
 

dominate the thermal conductivity, at least at temperatures on
 

the order of 1000K.
 

Analysis of the lattice conductivity of graphite is compl
 

cated by two facts: (1) the crystalline structure of graphite
 

is highly anisotropic, and therefore the conductivity can be ex

pected to be a sensitive function of the direction of the tem-,
 

perature gradient with respect to the crystal axes; and (2) unless
 

special precautions are taken in the preparation of the specimen,
 

its macroscopic structure is likely to be highly granular,. and
 

the lattice conductivity depends critically on the size and
 

orientation of the grains.
 

For the reasons mentioned above, the kind of component

breakdown analysis for graphite cannot be performed as was done
 

for beryllium. In fact, about all that can be said is that the
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lattice component and that the change due to irradiation is
 

caused by phonon scattering by radiation-induced point defects.
 

3.7.2 Application of the Wiedemann-Franz Law
 

Figures 3-45 through 3-54 and Tables F-48 through F-62 of
 

Appendix F present "effective" .Lorenz ratios and calculated
 

thermal conductivities using the Wiedemann-Franz Law for all
 

materials before and after irradiation over the applicable
 

temperature range of this experiment. These effective Lorenz
 

ratios were determined from the relationship
 

. -kp.
Leff --T 

wnere Leff is tne errective Lorenz ratio for temperature T., k
 

is the experimental value of thermal conductivity at temperature
 

T, and p is the experimental value of resistivity at temperature
 

T. The Wiedemann-Franz Law is not applicable for graphite, since
 

lattice conductivity predominates and the interpretation of
 

electrical resistivity is complex; however, the effective Lorenz
 

ratios of graphite are presented along with those for aluminum,
 

beryllium, and titanium.
 

Thermal conductivity values were calculated using the
 

effective preirradiation Lorenz ratios, Lpre, and the Sommerfeld
 

value, Ls, of the Lorenz ratio. kL is determined from the
 

relationship
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kL T'
 

Ppost
 

where Lpre is the effective preirradiation Lorenz ratio at
 

temperature T and p is the'postirradiationelectrical re-

Post
 

sistivity at temperature T. k, is determined from the relation

ship
 
LS T 

k  ppost 

"8
 
where Ls is,the Sommerfeld value of the Lorenz ratio, 

2.44-x i0

2 1 

watt-ohm/0K , and P is the postirradiation electrical resis

tivity at temperature T.
 

3.7.2.1 Aluminum
 

The effective Lorenz ratios for aluminum are presented in 

Figure 3-45 and Tables F-48, F-49, and F-U50 of-Appendix F. The 

preirradiation values ranged from approximately 2.21 to 2'.539 x 10-8 

watt-ohm/OK 2 over the temperature range 800 to 2600K and indicated 

the Sommerfeld value at approximately 2200K. The postirradation 

values ranged from 2.253 to 2.606 x 10 - 8 watt-ohm/ K2 over the 

same temperature range, indicating the Sommerfeld value at ap

proximately 1900K. There is an increase from preirradiation to
 

postirradiation of approximately 2.0% at 800K and approximately.
 

2.6% at 2600K.
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Figure 3-46 presents the thermal conductivity data cal

culated using the Wiedemann-Franz Law and a comparison plot with
 

the measured values. For this specimen the values of kL are
 

within -2% of the measured value of k. The values of ks deviate
 

a maximum of +9% from the measured value of k. This indicates
 

that if one uses the Sommerfeld value of L and' the postirradiation
 

va-lue of to determine the postirradiation value of k, the result
 

would be larger by approximately 9% than the measured value. For
 

most engineering applications this would probably suffice. How

ever, it is evident that if the preirradiation value of Leff was
 

determined and this value used in conjunction with the post

irradiation value of p to determine the postirradiation value
 

of k, a value very closely approximating the experimental value
 

of k would be obtained.
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3.7.2.2 NBS Berylliun
 

The effective Lorenz ratios for NBS beryllium are presented
 

inFigure 3-47. The preirradiation values ranged from approxi

mately 2.922 to 2.848 x 10- 8 watt-ohm/OK2 over the temperature
 

range from 800 to 1600 K. The postirradiation values ranged from
 

approximately 2.724 to 2.713 x 10- 8 watt-ohm/OK2 over the tem

perature range from 800 to 140'K. Neither the pre- nor the post

irradiation data indicated the Sommerfeld value over this range
 

of temperatures. The postirradiation value of Leff decreased by
 

approximately 6.8% from the preirradiation value at 800K, to
 

approximately 3.4% at 1400 K. This can be seen in Figure 3-47(d).
 

The preirradiation data agree with the postirradiation-anneal
 

data within 1% up to 1400K, and 2% up to 1600 K. Again, this
 

demonstrates the good precision or repeatibility of this experi

ment.
 

Figure 3-48 presents the thermal conductivity calculated
 

using the Wiedemann-Franz Law and a comparison plot with the
 

measured values. For this specimen the values of kL are within
 

+5.5% of the measured value of k from 800 to i40oK. The values
 

of ks are written -10.9% of the measured value of k from 800 to
 

1400 K. Again, this illustrates that by using Leff and post

irradiation values, one can predict k with a much higher degree
 

of accuracy than by using the Sommerfeld value of the Lorenz
 

ratio.
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3.7.2.3 WANL Beryllium
 

The effective Lorenz ratios for WANL beryllium are pre

sented in Figure 3-49. Neither the pre- nor the postirradiation
 

data indicated the Sommerfeld value over the temperature range
 

of this experiment. The effective L increased from preirradiation
 

to postirradiation, which is in direct opposition to the decrease
 

noted for NBS beryllium.
 

Figure 3-50 presents the thermal conductivity data calcu

lated using the Wiedemann-Franz Law and a comparison plot with
 

the measured values. For this specimen the values of kL deviate
 

from the measured value of k by +2.3% at 800 to a maximum of
 

-5.8% at 105 K. The values of kS deviate by -2.3% at 80 K to a
 

maximum of 9.6% at 1050K.
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3.7.2.4 Titanium
 

The effective Lorenz ratios for titanium are presented in
 

Figure 3-51. The effective Lorenz number ranges from 8.421 to
 

5.001 x 10-8 watt-ohm/° over the temperature range from 800 to
 

Since no significant change in thermal conductivity or
3000K. 


resistivity can be attributed to radiation, the preirradiation
 

and postirradiation values of L follow the same curve and deviate
 

from each other by a maximum of 2.7%. What is of importance in
 

this plot is the magnitude of the effective Lorenz number with
 

respect to the Sommerfeld value.
 

Figure 3-52 presents the thermal-conductivity data calculated
 

using the Wiedemann-Franz Law and a comparison plot with the
 

measured values. Since there was no significant change in k or
 

p after exposure to the radiation levels of this experiment, kL
 

and the measured value of k follow the same curve with a maximum
 

deviation of approximately 1.6%. The significant thing about
 

this plot is that it illustrates the possible error involved in
 

calculating k if one assumes that the Sommerfeld value is valid
 

at these temperatures. Such an assumption leads to a value of
 

k which deviates from the measured value by -70.1% at 80OK.
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3.7.2.5 PO-3 Graphite
 

The effective Lorenz ratios for graphite are presented in
 

Figure 3-53. As previously noted, the Wiedemann-Franz Law
 

does not hold for graphite -and these data are presented as
 

empirical data for informative purposes.
 

Figure 3-54 presents the thermal conductivity data calcu

lated using the Wiedemann-Frabz Law and a comparison plot with
 

the measured values. These data are presented only for informa

tive purposes as empirical data.
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3.7.3 Summary
 

From the discussion of the mechanisms of thermal and elec

trical resistance and the condition for the validity of the
 

Wiedemann-Franz Law (Sec. 3.7), it should be clear that the
 

Wiedemann-Franz ratio kP/T is equal to the ideal Lorenz number
 

only in very special cases. More specifically, the theory shows
 

that the Wiedemann-Franz Law holds for the total thermal and
 

electrical conductivities only if
 

1. 	The lattice thermal conductivity is negligible
 
compared to the electronic thermal conductivity,
 
and
 

2. 	Electron-phonon scattering is negligible compared
 
to electron-defect scattering, or
 

3. 	The electron energy loss suffered in electron
phonon collisions is negligible. The Wiedemann-

Franz Law is then applicable to the electron
phonon resistivity as well as the electron-defect
 
resistivity.
 

Conditions 1 and 3 are satisfied at high temperatures, thus
 

explaining the well-known applicability of the law at such
 

temperatures. However, for most of the specimens at temperatures
 

of interest in the present experiment, none of the above condi

tions are satisfied. The straightforward application of the ideal
 

Wiedemann-Franz Law to the total thermal and electrical resis

tivities is therefore invalid. This fact is illustrated in
 

Figures 3-45 through 3-54, which are plots of pre- and post

irradiation values of the Wiedemann-Franz ratio based on measurements
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of k and p. Incidentally,.it is possible to-show that a Wiedemann-


Franz ratio,greaterthan the ideal Lorenz number implies that
 

Condition 1 is not satisfied, i.e:, the lattice conductivity
 

cannot be neglected. Thus, the very arge value of the ratio for
 

titanium shows that the deviation from the ideal Lorenz number is
 

due to a large lattice-conductivity component.. This statement
 

is also applicable for the graphite specimen.
 

If the above-mentioned conditions are not satisfied, it is 

of course-tmpossible to predict radiation-induced changes in k 

from measurements ofchanges in p alone. However, if sufficient 

low-temperature data are available to permit isolation of the 

components of k and P, it is possible to express changes in k 

in terms-of changes in p, as was done in the preceding section. 

The advantage to this approach is that it is theoretically 

sound - the -ideal Wiedemann-Franz Law is used only where it is 

known to bevalid, i.e., in the analysis of defect resistivity. 

The disadvantage is, pf course, that extensive low-temperature 

data must be obtained.and analyzed to accomplish the isolation
 

of components.
 

Experimental investigations of k and p have shown that, for
 

most metals, the.Wiedemann-Franz ratio differs from the total
 

Lorenz number by less than 2.0%, evenat low temperatures. This
 

suggests that the,.ratio is.nqt very sensitive to changes in
 

defect qoncentration and'so should remain essentially constant
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during irradiation. Thus, if it can be assumed that the ratio
 

is not appreciably changed by irradiation, it should be possible
 

to use measured preirradiation values of the ratio to calculate
 

changes in k from measured changes in p. In other words, there
 

is some purely empirical evidence which suggests that the form
 

of the Wiedemann-Franz Law is approximately valid for predicting
 

radiation effects on k, provided an effective Lorenz number (the
 

preirradiation value of the Wiedemann-Franz ratio at the tempera

ture of interest) is used in place of the ideal Lorenz number.
 

If the effective Lorenz number is not available and the ideal
 

value is used instead, the error in the prediction of changes in
 

k should be proportional to the difference between the effective
 

and ideal Lorenz numbers. One of the purposes of the present
 

experiment was to test these ideas by comparing the Wiedemann-


Franz predictions of radiation effects on k for beryllium,
 

aluminum, and titanium with direct measurements of k. The results
 

are shown in Figures 3-45 through 3-54. It should be noted that
 

for titanium the use of the ideal Lorenz number would have intro

duced large errors because the effective value for titanium is
 

almost three times the ideal value at 800K. The data for beryllium
 

and aluminum show that the use of an effective Lorenz number
 

gives adequate accuracy (< 10%) in the prediction of postirradia

tion values of k. It is also evident that, for most engineering
 

applications, the value of k calculated using the Sommerfeld
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value of L would result in .adequate data (within 20%,of measured
 

values) for aluminum and beryllium.-


In conclusion, then, it can be stated that although the
 

straightforward application of,the Wiedemann-Ftranz.Law to the
 

prediction ,of"radiaon.,effects' on k cannot_ b jus.tified theoreti.
 

cally, the restlts of the present experiment for all materials
 

except graphite ihidicateXhat the error involved -is small, less
 

than 10%, if the preirradiaton,yaue of,the.Wiedemann.TFranz
 

ratio is use'd in placa°i o the ;ideal Lorenz-pnumber. In most metals
4Jd~.. of dciiti...trthn.h 

the electronic therm6lotductivity is greater than the lattice
 

conductivity, ,an'd predictions based on -the ideal Lrenz number 

are probably adeqate form&st applications.. However,j it should
 

be noted tl'At there &re exceptional cases,,,,such as the titanium
 

specimen used in the present experiment,,.where the .lattice con

ductivity 'is dominant and the use Iof theideal Lorenz number
 

leads to a serious unde estimate of k. ,-Thus, -the,
.ideal Wiedemann-


Franz Law should-be ised only in situations where there,is suffi

cient eviddice tb ensure that the thermal conductivity is,not
 

dominated by the lattice component.
 

3.8 Conclsions and R ommendations
 

Because of the marked effect of the radiation environments 

of thiz-test'on t e therma! c6nductivity and electrical resis

tivity of beryllium and graphite,' it is deonended that further 

experiments be conducted to verify and thereby add confidence to 

the results obtained. 
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If further tests of this nature are conducted, it is
 

strongly recommended that the test units be modified to include
 

the 	following improvements:
 

1. 	Install a floating heat sink. This would permit
 
raising of the reference junction temperature to
 
some value above that of the reference bath. It
 
would eliminate the need for large temperature
 
gradients across the specimen at high temperatures
 
and also enable one to obtain higher specimen
 
temperatures than are now possible.
 

2. 	Replace the existing shield configuration with a
 
universal shield, eliminating the need for the
 
shield to be of the same material as the speci
men. This could be accomplished by installing
 
several shield heaters along the length of the
 
shield, one qt the bottom and one in the plane
 
of each specimen thermocouple. Differential
 
thermocouples from the specimen to the shield a
 
each specimen thermocouple location would then
 
ensure that the shield and specimen were at the
 
same temperature.
 

3. 	Redesign the experimental system so that the
 
test unit can be flooded with liquid nitrogen dur
ing the irradiation period. This could be accom
plished with a gravity-flow liquid-nitrogen loop.
 
This flooding would make possible the packing of
 
fiberglass in the void between the specimen and
 
the shield, thus minimizing the thermal leakage
 
during thermal-conductivity data cycles at high
 
specimen temperatures. Flooding with LN2 would
 
also result in the ability to irradiate the unit
 
at higher power levels and therefore to higher
 
neutron fluences. This is so because gamma heat
ing during irradiation would be significantly
 
reduced.
 

The 	improvements listed above would result in the following:
 

1. 	Improved data uncertainty.
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2. 	Higher neutron fluences without the problem of
 
possible an'nealing-out of.adiation-induced
 
chanaes resultina from zamma heating.
 

3. 	Higher possible specimen temperatures than.are,.
 
obainable with the present configuration. This
 
would result in the ability to determine~percent
 
recovery in'k and p ai a finction of temperature,
 
which was notpossible with the present configur
 
tion.
 

An alternative to additional thermal-conductivityelecertca±

resistivity irradiation 'experiments would'be to construct one or
 

more laboratory "standard" thermal-conductivity/electrical

r&sist{vity test uinits similar to the one recommended above but
 

without 'the°liquid-itroge loop. 'These units wduld then be
 

used to establish preirradiation effective Lorenz ratios on
 

prospective test specimens. The specimens, after removal from
 

the 	standard unit, would then be irradiated and electrical resis

tivitydata taken in a manner similar to that described in Part
 

II of this report. The effect of radiation on the thermal con

ductivity of the specimen could then be obtained from the
 

relationship
 
T
Leff
k= 
 P 

In the first method, redundant measurements are made, i.e.,
 

both thermal-conductivity and electrical-resistivity measurements
 

are made before and after irradiation, adding a degree of confi

dence to the results. In the alternative method, redundancy and
 

possibly some degree of accuracy are sacrificed for a significant
 



reduction in experimental costs. However, with this standard
 

unit, the effective Lorenz ratios could be determined more accu

rately over the temperature range of interest, 'probably resulting
 

in predicted changes in k from measured 'changes in p with rela

tive accuracies as good or better than those obtained by direct
 

methods in this experiment.
 

In the case of graphite, where insignificant 'annealing
 

occurs at room temperature, it would be possible to obtain both
 

pre- and postirradiation values of thermal conductivity directly
 

without subjecting the standard test untt to radiation exposure.
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Part 2 

ELECTRICAL RESISTIVITY
 

Test 37/R201
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PRECEDING PAGE BLANK NOT FILMED 

IV. 	TEST PROGRAM FOR ELECTRICAL
 
'SISTIVITY TEST 37/R201
 

..The.objectives.of the electrical resistivity experiment
 

were:
 

1. 	To measure the electrical resistivity of pro-,
spective NERVA materials before and after ir
radiation to a neutron fluence of approximately
 
5 x 101 7 n/cm2 (E > 1.0 MeV) at temperatures
 
ranging from 77.4O to 4666K
 

2. 	To determine the extent to which radiation
induced changes inelectrical resistivity
 
were annealed at elevated temperatures
 

3. 	To determine the applicability of the Wiede
mann-Franz Law for predicting the thermal
 
:conductivity of materials irradiated at cryo
genic (LN2) temperatures.
 

4.1 Technical Approach
 

The 	test specimens, which were supplied by AGC, are described
 

in Table 4-1; a simplified diagram of the test circuitry is shown
 

in .Figure 4-I. 

-	 V 

specz~nen 

R 

Figure 4-1 	Simplified Sketch of Electrical-

Resistivity Circuitry
 

17.7 



Table 4-1 

DESCRIPTION OF ELECTRICAL-RESISTIVITY TEST SPECIMENS
 

Material 


Aluminum 7039-T61 (1) 


Aluminum 7039-T61 (2) 


Beryllium (2) 


Inconel 718 


Titanium 

(5 AI-2.5 Sn-ELI)
 

A-286 


Hastelloy X 


AISI-347 Stainless Steel 


Graphite PO-3 


Inconel*a 


Specimen Diameter 

(cm) 


0.152 


0.152 


0.406 


0.444 


0.447. 


0.447 


0.447 


0.450 


0.445 


0.445 


Distance Between
 
emf Leads (cm)
 

7.859
 

7.620
 

5.636
 

-8.672
 

9.388.
 

9.576
 

8.760
 

9.241
 

7.775
 

9.398
 

aThis specimen was identified only as some type of Inconel.
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The first step in determining the electrical resistivity Was to
 

measure the thermal emf across the specimen with no externally
 

applied voltage. The measurement was then repeated with current
 

flow through the specimen. The difference between the two meas

urements is the true emf across the specimen, the true emf being
 

defined as the emf generated by current flow. The current flow

ing through the specimen was calculated from the measured poten

tial drop across a known resistance, R, in series -with the speci

men.
 

The electrical resistivity p was calculated from P = VA/IL
 

where V is the true emf across the specimen in microvolts, A
 

is the cross-sectional area in cm2, I is the current flowing
 

through the specimen in amperes, and L is-the length of speci

men between the emf leads in cm.
 

The first objective was accomplished by using the above
 

procedure, both before and after irradiating the specimens, to
 

measure the electrical resistivity at temperatures ranging from
 

77.40 to 466°K.
 

The second objective was accomplished after irradiation
 

by alternately heating the specimens to successively higher
 

temperatures and cooling them to LN2 temperature. Resistivity
 

measurements were made at each temperature step and at the sub

seauent LN2 temperature. Detailed procedures concerning the
 

first and second objectives are discussed in Section 4.3.
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To meet the third objective-, the thermal conductivity of
 

the specimens was calculated by use of the experimentally meas

ured electrical resistivity and the Wiedemann-Franz Law,
 

LT (4-1)
 
P
 

-
where L'is the Sommerfeld Value (2.44 x 10 8 watt-Q/OK2), T is
 

the temperature (OK), p is the electrical resistivity (40-cm),
 

and k is the thermal conductivity (watt/cm-0K). The applica

bility of this procedure was determined by comparing the calcu

lated thermal conductivity to the experimentally measured thermal
 

conductivity.
 

4.2 Experimental Equipment
 

4.2.1 Resistivity Test Assembly
 

The resistivity test assembly was designed and built by
 

Aerojet-General and was supplied with the specimens installed.
 

The internal assembly, shown in Figure 4-2, consisted of cir

cular upper and lower copper base plates interconnected at the
 

center by a copper support rod. A series of matching holes was
 

drilled in each of the end plates to position the specimens.
 

The specimens were threaded into the holes of the copper base
 

plate to ensure positive electrical contact with this common

current 'connection.
 

The temperature of each specimen was monitored by 5-mil
 

Chromel-constantan thermocouples calibrated using standard tech-*
 

niques (Appendix D). These thermocouples were attached to the
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NPC 26,635
 
31-9202
 

Figure 4-2 Electrical Resistivity Test Assembly 
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centers of each specimen, to each end of the A-286 specimen, and
 

to the copper base plate of the test fixture. A copper-constantan 

thermocouple was attached to the center of the copper support
 

rod. All of the thermocouple leads were routed to a copper block
 

and silver-soldered to 5-ml unimpregnated-fiberglass-insulated
 

copper wire. The copper block was located in the lower part of
 

the cryogenic box and was submerged in liquid nitrogen through

out the test; thus, all of the thermocouples were referenced to 

liquid-nitrogen temperature. 

After making the thermocouple connections, the resistivity 

test assembly was placed in an aluminum cylinder. Two 16-gage, 

Inconel-sheathed, HgO-insulated Nichrome heater wires were
 

wrapped around the cylinder and held in place by an aluminum
 

clamp, as shown in Figure 4-3. The heaters were connected in 

parallel and had a resistance of 5 ohms. The Nichrome heater
 

wires were connected to stainless-steel-sheathed, HgO-insulated,
 

16-gage copper power leads.
 

4.2.2 Cryogenic Box
 

During the irradiation the resistivity test assembly was
 

submerged in liquid nitrogen contained in a cryogenic box (Figs. 

4-4 and 4-5). This box was basically a rectangular aluminum
 

container having a smaller inner container to hold the liquid
 

nitrogen. 
No vacuum was used between the two containers.
 

The pressure and the liquid-nitrogen level inside the cryo
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NPC 26,641
 
31-9179
 

M..
 

Figure 4-3 	 Electrical Resistivity Test Assembly Inside 
Aluminum Cylinder 

183
 



NPC 26,730
 

Ray chem 
Electrical
 
Harness
 

Isothermal
 
Junction Box
 

Fill Line-

Potted
 
Cables
 

Vent Line-

Double-Walled
 

Cryogenic Box
 

Heating Element 
 Electrical
 
for Temperature 
 Resistivity

Control 
 Test
 

Container
 

Baffle
 

Figure 4-4 
 Cutaway Drawing of Electrical Resistivity Test Setup
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Figure 4-5 Cryogenic (1)12) Box 
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genic box were monitored continuously. A CEC pressure trans

ducer was used to monitor the pressure; a GDFWD liquid-level
 

system was used to monitor and control the liquid-nitrogen 

level. One liquid-level probe with 12 resistors was used in
 

conjunction with an indicator panel to monitor the liquid level.
 

Another probe with 12 thermocouples was used in conjunction with
 

a Bristol control unit to control the liquid level. The spac

ing of the thermocouples and resistors is shown in Figure 4-6.
 

The resistivity test assembly was mounted in a fixture
 

fastened to the underneath side of the cryogenic-box lid, as 

shown in Figure 4-7. The test assembly was positioned so that 

each specimen was parallel to the reactor side of the cryogenic 

box. The center of mass was approximately 8 in. from the bottom
 

face of the lid. With the cryogenic box in the irradiation po

sition, the test assembly was approximately 9 in. from the re

actor closet.
 

During pre- and postirradiation testing, it was necessary
 

to lower the liquid-nitrogen level below the resistivity assembly.
 

This created a flow of convection currents about the test assem

bly, resulting in undesirable thermal gradients across the speci

mens. 
To reduce the thermal gradients, a baffle arrangement
 

was used. One baffle, attached to the lid of the cryogenic box,
 

was located below the resistivity test assembly (Figs. 4-4 and
 

4-8). With the lid on the box, the baffle was in a plane 13 in.
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Figure 4-6 Liquid-Level Probes
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Electrical Resistivity Test Fixture (After Irradiation)
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Figure 4-8 Electrical Resistivity Fixture Attached to Lid of Cryogenic Box
 
(After Irradiation)
 



above the bottom of the cryogenic box. A smaller baffle was
 

mounted to the bottom of the aluminum cylinder containing the
 

resistivity test assembly (Fig. 4-3).
 

In addition to the baffle arrangement, Fiberfrax insulation
 

was used to reduce the thermal gradient across the specimens.
 

The Fiberfrax served a dual purpose in this experiment: it
 

increased the efficiency of the heater and decreased the thermal
 

gradient across the specimens. Several arrangements of Fiberfrax
 

were used to determine the configuration that would yield the
 

smallest thermal gradient across the specimens.
 

Three separate standoff tubes were attached to the lid of
 

the cryogenic box (Fig. 4-7). The voltage, thermocouple, cur

rent, and heater leads were passed through these tubes, which
 

terminated approximately 30 in. above the cryogenic box. The
 

tubes, which were sealed on the end with Shell Epon 954, were
 

used to keep moisture away from the electrical leads.
 

Except for the heater leads, all of the leads emerging
 

from the standoff tubes were routed to isothermal junction
 

boxes at which they were connected to the electrical harness
 

extending to the control room; the heater leads were connected 

to the electrical harness by means of a cannon plug approxi

mately 10 ft from the cryogenic box. The isothermal junction 

boxes were mounted on an eye-hook structure approximately 3 ft 

above the cryogenic box. The purpose of the isothermal boxes 
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was to maintain a more uniform temperature at the electrical
 

connections, thereby reducing thermally induced voltages. A
 

1000-watt strip heater, which was also mounted on the eye-hook
 

structure, was used to keep moisture and frost away from the
 

junction boxes.
 

In an effort to reduce radiation damage to the Raychem wire
 

used in the electrical harness, a lead and water shield, 40.5 by
 

24.5 by 2.5 in. thick, was designed and fabricated at GDFWD.
 

The shield was suspended from the reactor closet in such a manner
 

that one edge was just above the cryogenic box and one side was
 

in contact with the east face of the reactor closet (Fig. 4-9).
 

All electrical connections to the harness, with the exception of
 

those to the heaters, were made behind this shield.
 

4.2.3 Instrumentation
 

Parameters used in calculating the electrical resistivity
 

were measured with a Dymec 2010-D digital data-acquisition sys

tem and an L&N K-4 potentiometer. A detailed sketch showing
 

the circuitry and the associated instrumentation is shown in
 

Figure 4-10. All the specimens except A-286 steel and AISI

347 stainless steel had a separate power supply and individual
 

circuits with a common current connection at the copper base
 

plate of the test assembly. Either a Kepco Model 325-lAM
 

(0-400 V do, 0-1 A) or a Kepco Model SM-74 AM (0-80 V do, 0-2 A)
 

power supply was used for these circuits. The A-286 steel and
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AISI-347 stainless-stell specimens had separate circuits but a
 

common dc power supply. A Kepco Model KS-60-20M (0-60 V do,
 

0-20 A) power supply was used for heater power.
 

The Dymec was used to measure the potential output ot the
 

Chromel-constantan thermocouples. The L&N K-4 potentiometer,
 

which is accurate to + 0.5 tV, was used to measure the emf
 

across a known section of the specimen.
 

The current through the heaters was computed from a meas

urement (with the Dymec) of the voltage drop across a 0.5-a re

sistor in series with the heaters. The heater current was
 

correlated with the specimen temperature, and this permitted
 

the required current for any selected temperature to be estab

lished.
 

Similarly, the voltage drop across the current resistor
 

(Fig. 4-10) was used to calculate the current through a given
 

specimen. The voltage drop was measured with the Dymec; the
 

resistance of each current resistor had been measured, prior to
 

installation, to an accuracy of 0.1% with a Wheatstone bridge.
 

The load resistor (Fig. 4-10) had the same resistance as the
 

current resistor. Switching to the load resistor permitted
 

continuous operation of the power supply at a constant load.
 

Since the temperature of liquid nitrogen is pressure sensi

tive, the vapor pressure above the liquid was monitored with a
 

CEC Type 4-312-0002 pressure transducer having a range of + 5
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psig and an absolute barometric dial-gage indicator. The pres

sures were used to determine the actual temperature of the liquid
 

nitrogen for correction of the temperatures of the electrical
 

resistivity specimens.
 

A Brown-Honeywell recorder was used to record the tempera

ture of the copper-constantan thermocouple located on the center
 

supporting bar in the resistivity assembly.
 

The polarity switch shown in Figure 4-10 permitted reversal
 

of current direction through the specimen. The electrical re

sistivity of the specimen was calculated with the current flow

ing in one direction; the polarity switch was used to reverse
 

the direction of current and the electrical resistivity was
 

again calculated.
 

4.3 	Test Procedures
 

Figure 4-11 illustrates the data-acquisition plan for pre

irradiation, irradiation, and postirradiation measurements. By
 

applying power to the heater around the electrical-resistivity
 

test assembly, the temperature of the specimens was stabilized
 

at each of the temperatures indicated in the figure. Except
 

for 42 and 4660 K, three consecutive data cycles were obtained
 

at each temperature. Each data cycle consisted of three measure

ments on each specimen: two voltage measurements, one for each
 

direction of the current, and one temperature measurement from
 

the thermocouple located midway on each specimen. Thus, at all
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of the temperatures above LN2 (except 4220 and 4660 K), at least
 

six electrical resistivity determinations were made for each
 

specimen. Only two data cycles were obtained at 4220 and 4660 K.
 

4.3.1 Preirradiation Test
 

In the preirradiation test at least three data cycles were 

run at each of the following temperatures ( in OK): 77.4 (LN2), 

100 + 5, 116 + 5, 140 + 5, 172 + 5, 199 + 5, 228 + 5, 250 + 5, 

283 + 5, and 300 + 5. During each of the three cycles, the tem

perature of each specimen did not vary more than + l.10K. From 

these data, six resistivity values were computed for each speci

men at each temperature. 

After obtaining the resistivity measurements at LN2 temper

ature, the LN2 level in the cryogenic box was lowered and main

tained at thermocouple position T/C 4 (Fig. 4-6). Power was
 

applied to the heater to raise the temperature of the specimens
 

to between 950 and 1050 K. With the temperature stabilized, three
 

cycles of data were obtained. Additional power was then applied
 

to the heaters to raise the temperature to the next desired
 

level. This procedure was followed until all planned preirra

diation measurements had been taken.
 

4.3.2 Irradiation Test
 

During the irradiation, the LN2 level was maintained above
 

the test assembly at thermocouple position T/C 11 (Fig. 4-6).
 

One data cycle was made every hour for the first 8 hours of
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reactor operation; after this, one data cycle was made every 8
 

hours. In addition, one cycle was made after each change in
 

reactor power level.
 

4.3.3 Postirradiation Test
 

Upon completion of 2310 MWh of irradiation, a data cycle
 

was run at 30-min intervals for the first 2 hours. The LN2
 

level was then lowered and'maintained at thermocouple position
 

T/C 4. Heater power was applied and thermal equilibrium was
 

established in the temperature range of 100 ± 50K. Each speci
 

men was maintained within + L.1K of this temperature for 1
 

hour: at least three data cycles were run at the equilibrium
 

temperature. After 1 hour at thermal equilibrium, the heater
 

power was turned off and the LN2 'level raised above the speci

mens. When the specimens reached LN2 temperature, three data
 

cycles-were taken. The above procedure was repeated not only
 

for each of the temperatures at which preirradiation data were
 

taken but also for the additional temperatures of 328 + 50K
 

365 + 50K, 422 + 50K, and 466 + 50K. As mentioned earlier,
 

only two cycles of data were obtained at'the two highest temper

atures and the specimens were in thermal equilibrium for only
 

30'min. Also, only two cycles of resistivity data were taken
 

at the LN temperature after the 4220 and4660K temperatures.
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V. 	EXPERIMENTAL RESULTS
 

The data presented in this section are those obtained
 

immediately before irradiation, during irradiation, and immedi

ately after.irradiation. The technique used in obtaining these
 

data has been explained in Section IV.
 

A summary of the results of this experiment is given in
 

Section 5.1. The precision and uncertainty of these data are
 

discussed in Sections5.2 and 5.3.
 

5.1 	 Summary of Results
 

Figure 5-1 shows the percent increase in electrical resis

tivity as a function of neutron fluence for graphite, beryllium,
 

aluminum, and titanium. Table 5-1 gives the maximum increase
 

in resistivity for each of the specimens after an exposure of
 

3.3 x i017 n/cm2 (E > 1.0 MeV); comments concerning annealing
 

characteristics are included. In both the figure and the table,
 

the resistivities are those at LN2 temperature.
 

5.2 	Precision of the Data
 

As explained in Section IV, at least six resistivity measure

ments were made at each temperature (except the two highest and
 

the corresponding LN2 cycles of the postirradiation anneal), and
 

the precision of the experiment has been estimated from these
 

data: The precision, or percent standard deviations, given in
 

the tables have been computed as
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Figure 5-1 Percent Change in Electrical Resistivity at LN2 Temperature as a Function of Neutron Fluence 



Table 5-1 

CHANGE IN ELECTRICAL RESISTIVITY OF NERVA MATERIALS
 
IRRADIATED TO 3.3 x 17 n/cm 2 AT LN2 TEMPERATURE
 

Material (cm) Change in P Change inP Exp. Unc. Remarks 
Initial Final (An-cm) M%) (±%) 

Graphite PO-3 2364 3409 +1040 +4.0 19.6 Nonlinear radiation effect; 10% residual change after anneal
ing at 4600K. 

Beryllium 1.59 1.90 +0.31 +19.5 10.5 	 Linear radiation induced change- complete recovery after
 
0
anneal at 260 K.
 

Al 7039-T61(l) 2.16 2.29 +0.13 +6.0 2.6 	 Linear radiation induced change; complete recovery after
 
0
anneal at 366.5 K.
 

Al 7C39-T61(2) 2.22 2.33 +0:ll +5.0 1.7 Linear radiation induced change; complete recovery after
 
0


anneal at 364.5 K.
 

Titanium 155.2 155.9 +1.7 +1.1 0.6 Linear radiation induced change; complete recovery after
 
Ti-5 A1-2.5 Sn, ELI anneal at 4610 K.
 

SS-347 57.1 57.5 +0.4 +0.7 0.9 Linear radiation induced change; complete recovery after
 
anneal at 66 °K.
 

Inconel 718 108.1 108.6 +0.5 +0.5 0.1 Linear radiation induced change; no recovery after anneal
 
0
at 466 K.
 

A-286 76.3 76.6 +0.3 +0.4 0.9 Linear radiation induced change; 0.1% residual change after
 
0
anneal at 464.5 K.
 

Inconel* 120.7 120.8 +0.1 +0.1 0.1 	 The change indicated is less than the experimental preci
sion.
 

Hastelloy X 108.8 108.9 +0.1 +0.1 0.2 	 The change indicated is less than the experimental preci
sion.
 



% SD = 100 G/p
 

where a is the standard deviation and p is the 
average electrical
 

resistivity.
 

Generally, the standard deviation of the 
data improved as
 

The smallest standard deviations,
the experiment progressed. 


most being less than 0.1%, were obtained for the postirradiation
 

This is attributed to the conanneal data at LN2 temperature. 


stancy of the temperature with the specimens submerged in LN2 ,
 

whereas the higher temperatures were maintained 
to only + 10K
 

while data were being taken. Although the temperature of LN2
 

is pressure sensitive, the variations in temperature 
due to
 

pressure changes were small enough to make corrections 
unwarran

ted. The temperature correction computed from the 
range of
 

measured barometric pressures (733 to 756 mm-Hg) amounted to no
 

The pressure within the cryogenic box, measured
 more than 0.30K. 


with a transducer, remained at atmospheric pressure 
throughout
 

the test.
 

Specimen temperature was the least controlled 
of all test
 

parameters. Temperature gradients were known to exist across
 

the specimens ihenever they were not submerged 
in the cryogen.
 

A general idea about the magnitude of the temperature 
gradient
 

was obtained from thermocouples mounted on the 
top, center, and
 

bottom of the A-286 specimen. Analysis of the data from these
 

thermocouples indicated that temperature gradients 
were practi
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cally nonexistent at temperatures slightly higher than the tem

perature of LN2.. As specimen temperatures were increased, how

ever, the temperature gradients increased. When the center
 

thermocouple indicated a specimen temperature of 3700 K, for
 

example, the thermocouples at the top and bottom indicated 3640
 

and 3690 K, respectively. Because of the rather small difference
 

and the limited amount of data, no corrections were made for
 

thermal gradients. The temperatures given in the subsequent
 

tables are those indicated by the thermocouple attached to the
 

center of each specimen. These temperatures have been reported
 

to the nearest 0.50 K.
 

At about 2600K a problem in controlling the liquid-nitrogen
 

level resulted in somewhat unstable specimen temperatures which,
 

in turn, increased the variation in the data at this temperature.
 

Certain other anomalies in the data indicated by unusually large
 

standard deviations have simple explanations which are discussed
 

in the individual data sections.
 

5.3 Experimental Uncertainty
 

The experimental uncertainty of this experiment was de

termined in the same way as in the Thermal Conductivity/Elec

trical Resistivity Test, 37/R104. Since there was no bias, or
 

systematic error, the experimental uncertainty is equal to the
 

95% confidence limits on the individual data points.
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5.4 Presentation of Data
 

The 	experimental data for each specimen are presented in
 

subsequent subsections. In each instance the data are presented
 

as:
 

1. 	A plot of electrical resistivity as a function
 
of temperature for pre- and postirradiation, at
 
LN2 temperature after each temperature step of
 
anneal, and the change in electrical resistivity.
 

2. 	A plot of electrical resistivity at LN2 temper
ature as a function of radiation exposure at,
 
zero reactor power.
 

3. 	A plot of calculated thermal conductivity and
 
the change in thermal conductivity as a function
 
of temperature for all specimens except graphite.
 

4. 	A tabulation of electrical resistivity measure
ments made before irradiation, after irradiation,
 
and at postirradiation-anneal conditions. Re
lative standard deviations (in percent) are given
 
for these data." The thermal conductivity computed
 
by use of the equation in Section 4.1 is also
 
given (except for graphite).
 

The 	curves shown in the following figures have been computed
 

by least-squares fit using an IBM 360 computer. A statistical
 

analysis has been performed as described in Section III. In
 

cases where no limits appear on the individual curves, the
 

limits are too small (<1%) to be drawn. In cases where only
 

one 	set of limits appear, these are the 95% confidence limits
 

on the individual values. Tabulated data for these curves are
 

presented-on Appendix G. A tabulation of electrical resistivity
 

measurements made during irradiation is also presented in Appen

dix 	C for each specimen.
 

204
 



5.4.1 Titanium (Ti-5 A1-2.5 Sn-ELI) 

The data for titanium are presented in Figures 5-2, 5-3, 

and 5-4, Table 5-2, and in Tables G-1 through G-6 of Appendix G. 

Figure 5-2 presents the calculated'preirradiation, post

irradiation, and postirradiation-anneal electrical resistivity
 

data, and the change in electrical resistivity as a function
 

of temperature. The preirradiation data range from 155.3 gohm

cm at 800K to 183.1 gohm-cm at 3000 K. The postirradiation data
 

range from 157.1 pohm-cm at 800K to 183.6 pohm-cm at 3000K to
 

198.8 gohm-cm at 4600 K. The maximum change in p of 1.1% occurs
 

at 800K and decreases thereafter. The data taken at 77.4 0K
 

after each temperature step of the anneal, Figure 5-2(c), in

dicates that complete annealing had taken place at a temperature
 

of 4610K.
 

The percent standard deviations given in Table 5-2 for the
 

postirradiation and postirradiation-anneal data indicate that
 

good precision was obtained in measuring the electrical resis

tivity of titanium. However, some of the percent standard
 

deviations in the preirradiation data were larger than would be
 

expected. This can probably be attributed to a poor connection
 

between the current lead and the specimen. This condition was
 

discovered before the test, but an attempt to reconnect the
 

current lead was unsuccessful. A fix was therefore made by
 

connecting a jumper from the current lead, which was left
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attached, to the voltage lead. The voltage measurement then
 

became somewhat dependent upon how well the current lead was in
 

contact with the specimen at a given time. Furthermore, the
 

addition of the jumper altered the circuit so that the measured
 

voltage drop included, in addition to the voltage across the
 

specimen, the voltage across some additional copper wire and
 

solder.
 

Figure 5-3 shows the electrical resistivity at LN2 tem

perature to increase slightly and linearly as a function of 

neutron fluence. The experimental uncertainty in these data is 

approximately ± 3.5% at 800K. 

The Wiedemann-Franz Law (Sec. 3.7) was used to calculate
 

the pre- and postirradiation thermial conductivity values shown
 

in Figure 5-4. Since there is a maximum of 1% difference be

tween the pre- and postirradiation electrical resistivities,
 

the thermal conductivities differ by at 'most 1%. In Figure 5-4
 

(a), NBS experimental thermal conductivity data (Ref. 8) hive 

also bean plotted for comparison. At LN2 temperature, the cal

culated data are a factor of 3.4 lower than the measured data.
 

From this it is concluded that the Sommerfeld Value should not
 

be used to predict the thermal conductivity of titanium from
 

electrical resistivity data. Figure 5-4(b) is a comparison of
 

the change in the 37/R201 specimen and the 37/R104 specimen.
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Table 5-2 

ELECTRICAL RESISTIVITY OF TITANIUM BEFORE AND AFTER IRRADIATION
 

Preirradiation 

Avg Temperature
(OK) 

77.4 96.5 118.0 141.0 170.0 202.0 226.5 252.5 278.5 295.0 

Avg Resistivity 
(02 -cm) 

155.2 157.5 160.6 163.8 167.8 172.4 174.9 178.0 180.5 182.7 

No. of Resistivitya 18 6 6 6 5 12 10 6 6 6 
Measurements 

Percent Standard 0.67 0.15 0.16 0.06 0.11 0.95 0.54 0.05 0.73 0.03 
Deviation 

Thermal Conductivity 
(watts/cm-0K) 

0.0122 0.0150 0.0180 0.0211 0.0248 0.0287 0.0317 0.0348 6.0378 0.0396 

Postirradiation 

bO 
Avg Temperature 

(OK) 
77.4 97.5 110.5 145.0 174.0 196.0 221.5 256.5 271.0 296.0 326.0 366.5 419.0 461.0 

0 Avg Resistivity 156.9 159.5 160.8 165.7 169.3 172.0 175.0 178.6 180.4 183.4 186.4 190.5 195.2 198.9 
(An-cm) 

No. of Resistivitya 6 6 6 6 6 6 6 6 6 6 6 6 4 4 
Measurements 

Percent Standard 0.04 0.11 1.44 0.18 0.07 0.08 0.05 0.27 0.29 0.08 0.08 0.03 0.05 0.05 
Deviation 

Thermal Conductivity 0.0121 0.0150 0.0168 0.0214 0.0252 0.0279 0.0310 0.0352 0.0368 0.0395 0.0428 0.0471 0.0526 0.0568 
(watts/cm-OK) 

b 
Postirradiation-Anneal 

Avg Temperature 77.4 97.5' 110.5 145.0 174.0 196.0 221.5 256.5 271.0 296.0 326.0 366.5 419.0 46Z.0 
(OK) 

Avg Resistivity 

(140 -cm) 
156.9 156.8 156.8 156.5 156.1 156.0 155.9 155.7 155.6 155.7 155.5 155.5 155.7 155.3 

No. of Resistivitya 6 4 6 6 6 6 6 5 4 6 6 6 4 3 
Measurements 

Percent Standard 0.04 0.60 0.07 0.04 0.04 0.04 0.04 0.04 0.06 0.04 0.04 0.04 0.32 0.04 
Deviation 

a Two resistivity measurements for each temperature measurement. b Resistivity measured at LN2 temperature. 



5.4.2 Inconel 718
 

The data for Inconel 718 are presented in Figures 5-5,
 

5-6, and 5-7, Table 5-3, and Tables C-7 through G-11 of Appendix
 

G.
 

Figure 5-5 presents the calculated pre- and postirradiation,
 

and postirradiation-anneal electrical resistivity data, and the
 

change in electrical resistivity as a function of temperature.
 

The preirradiation data range from 108.2 pohm-cm at 800K to 115.6
 

gohm-cm at 3000 K. The postirradiation data range from 108.7
 

gohm-cm at 800K to 115.9 gohm-cm at 300 0K to 120.6 pohm-cm at
 

4600 K. A change of + 0.5% in p at LN2 temperature was measured
 

with an experimental uncertainty of + 0.1%. As shown in Figure
 

5-5(c), no recovery is evident in the postirradiation-anneal
 

at LN2 temperature.
 

The electrical resistivity of Inconel 718 at LN2 temper

ature increased linearly as a function of neutron fluence. 

Figure 5-6 shows that an increase of 0.5 gohm-cm at LN2 temper

ature had occurred at an exposure of-3.3 x 1 7 n/cm2 (E > 1 MeV). 

The Wiedemann-Franz Law was used to calculate the thermal
 

conductivity values from both pre- and postirradiation electri

cal resistivity data as shown in Figure 5-7. In the same figure,
 

measured thermal conductivity data (Ref. 14) have also been
 

plotted. At LN2 temperature, the calculated k is a factor of
 

3.4 lower than the measured k.
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Table 5-3 

ELECTRICAL RESISTIVITY OF INCONEL 718 BEFORE AND AFTER IRRADIATION 

Preirradiation 

Avg Temperature 
(OK) 

77.4 96.0 118.0 141.0 . 171.0 204.0 229.0 256.0 282.5 298.5 

Avg Resistivity 
(gO -cm) 

108.1 108.7 109.4 110.2 111.3 112.4 113.2 114.1 115.0 115.5 

No. of Resistivitya 
Measurements 

17. 6 -6 6 6 12 10 6 6 4 

Percent Standard 
Deviation 

0.05 0.05 0.07 0.05 0.04 0.05 0.04 0.06 0.05 0.00 

Thermal Conductivity 
(watts/Cm-°K) 

0.0175 0.0216 0.0264 0.0313 0.0376 0.0445 0.0496 0:050 0.0602 0.0633 

Postirradiation 

I(OK) 

Ln 

Avg Temperature 

Avg Resistivity 
.(gD-cm) 

77.4 

108.6 

97.0 

109.3 

110.5 

109.7 

146.0 

110.9 

175.0 

111.9 

198.5 

112.7 

223.5 

113.5 

261.0 

114.7 

276.0 

115.2 

299.5 

115.9 

330.0 

116.8 

372.0 

118.1 

423.5 

119.6 

466.0 

120.8 

No. of Resistivitya 

Measurements 
8 6 6 4 6 6 6 8 6 6 6 6 4 4 

Percent Standard 
Deviation 

0.00 0.04 0.04 0.07 0.00 0.00 0.05 0.12 0.04 0.07 0.04 0.03 0.00. 0.00 

Thermal Conductivity 
(watts/cm-°K) 

0.0175 0.0217 0.0247 0.0323 0.0383 0.0432 0.0482 

Postirradiation-Anneal 
b 

0.0557 0.0587 0.0633 0.0692 0.0772 0.0868 0.0945 

Avg Temperature 
(OK) 

77.4 97.0 110.5 146.0 175.0 198.5 223.5 261.0 276.0 299.5 330.0 372.0 423.5 466.0 

Avg Resistivity 
(MO-cm) 

108.6 108.6 108.6 108.6 108.6 108.6 108.5 108.5 108.6 108.6 108.6 108.6 108.7 108.7 

No. of Resistivitya 
Measurements 

8 6 6 6 6 6 6 6 6 6 6 6 4 4 

Percent Standard 0.00 0.00 1.22 0.00 0.04 0.04 
Deviation 

a Two resistivity measurements for each temperature measurement. 

0.08 0.05 0.05 0.04 0.04 0.00 

Resistivity measured at LN2 temperature. 

0.00 0.04 



5.4.3 Hastelloy X
 

The data for Hastelloy X are presented in Figures 5-8,
 

5-9, and 5-10, Table 5-4, and Tables G-12 through G-15 of
 

Appendix G.
 

Figure 5-8 presents the calculated pre- and postirradiation,
 

and postirradiation-anneal electrical resistivity data, and the
 

change in electrical resistivity as a function of temperature.
 

The preirradiation data ranged from 108.9 lobm-cm at 800K to
 

115.0 pohm-cm at 3000K. The postirradiation data ranged from
 

108.9 pohm-cm at 800K to 115.0 iohm-cm at 3000K to 118.8 gohm-cm
 

at 4600K. No change in electrical resistivity was indicated in
 

this specimen. Figure 5-9 is a plot of the electrical resistiv

ity as a function of radiation exposure at zero reactor power
 

and shows essentially no change in p.
 

Figure 5-10 presents the thermal conductivity data calcu

lated using the pre- and postirradiation electrical resistivity
 

data. In the-same figure, measured thermal conductivity data
 

(Ref. 14) have also been plotted. At LN2 temperature, the cal

culated data are a factor of 3.5 lower than the measured data.
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Table 5-4 

ELECTRICAL RESISTIVITY OF HASTELLOY X BEFORE AND AFTER IRRADIATION
 

Preirradiation 

Avg Temperature(0K) 77.4 96.0 118.5 141.5 170.5 203.5 228.5 255.5 281.5 297.5 

Avg Resistivity 108.8 109.4 110.1 110.8 111.6 112.5 113.2 113.9 114.4 115.0 
Odt -cm) 

No. of Resistivitya 17 5 6 6 6 11 10 6 6 6 
Measurements 

Percent Standard 0.25 0.04 0.05 0.05 0.07 0.10 0.04 1.17 0.32 0.04 
Deviation 

Thermal Conductivity 0.0174 0.0215 0.0264 0.0313 0.0374 0.0443 0.0495 0.0550 0.0603 0.0634 
(watts/cm-PKO 

Postirradiation 

Avg Temperature 77.4 97.0 110.5 145.5 175.0 198.5 223.0 261.5 276.0 299.5 330.5 372.0 423.5 466.5 
(OK) 

Avg Resistivity 
(P0 -cm) 

108.9 109.4 109.8 110.8 111.6 112.3 113.0 114.0 114.4 114.9 115.7 116.7 117.9 119.0 

No. of Resistivitya 

Measurements 
8 6 6 6 6 6 6 6 6 6 6 6 4 4 

Percent Standard 0.00 0.05 0.00 0.00 0.04 0.04 0.04 0.08 0.04 0.04 0.00 0.00 0.00 0.00 
Deviation 

Thermal Conductivity 0.0174 0.0217 0.0247 0.0322 0.0384 0.0433 0.0483 0.0562 0.0591 0.0639 0.0700 0.0781 0.0868 0.0946 
(watts/m-"K) 

Postirradiation-Annealb 

Avg Temperature 77.4 97.0 110.5 145.5 175.0 198.5 223.0 261.5 276.0 299.5 330.5 372.0 423.5 466.5 
(K) 

Avg Resistivity 108.9 108.9 108.8 108.9 108.9 108.8 108.8 108.8 108.9 108.8 108.9 108.9 108.7 108.7 
(6n-cm) 

No. of Resistivitya 8 6 6 6 6 6 6 6 6 6 6 6 4 4 
Measurements 
Percent Standard 0.00 0.07 0.05 0.05 0.04 0.05 0.05 0.05 0.05 0.04 0.00 0.04 0.00 0.05 

Deviation 

a Two resistivity measurements for each temperature measurement. b Resistivity measured at LN2 temperature. 



5.4.4 Graphite PO-3
 

The data for PO-3 graphite are presented in Figures 5-11
 

and 5-12, Tpble 5-5, and Tables G-16 through G-21 of Appendix G.
 

Figure 5-11 presents the calculated pre- and postirradiation
 

and postirradiation-anneal electrical resistivity, and the change
 

in electrical resistivity as a function of temperature. The
 

preirradiation data range from 2139 Mohm-cm at 800K to 2119
 

gohm-cm at 1200 K. The postirradiation data range from 3543
 

gohm-cm at 800K to 3382 pohm-cm at 120 0K to 1488 tohm-cm at
 

4600 K.
 

Several irregularities can be noted in the graphite data.
 

As can be seen in Table 5-5, only three preirradiation points
 

could be determined. However, the data obtained during and
 

after irradiation seems to be reliable. At the beginning of
 

the test it was doubtful that any meaningful data could be ob

tained with the graphite specimen. It was necessary to modify
 

the base plate of the electrical resistivity assembly in order
 

to eliminate ground loops. In the process of this modification,
 

the graphite specimen was broken at the point of its connection
 

to the base plate. Because of limited time before the scheduled
 

irradiation and the possibility of breaking the specimen again,
 

it was decided not to rethread the specimen into the plate as
 

it was originally.
 

A fix was made by jumpering the common current connection
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to the bottom of the graphite specimen. This resulted in the
 

graphite being supported only by the electrical leads that
 

were attached to it. After sliding the electrical-heater over
 

the resistivity test assembly and then mounting it to the lid
 

of the cryogenic box, it was found that the measured voltage
 

varied erratically when the current was applied; As there was
 

then insufficient time to correct the problem without delaying
 

the entire test, the graphite specimen was left as it was. It
 

is believed that the non-rigid mounting of the specimen allowed
 

it to become intermittently in contact with some part of the
 

fixture, thus partially shorting the specimen. In this condi

tion the measured voltage would be low, but never too high. This
 

problem did not occur when the specimens were immersed in LN2,
 

The change in electrical resistivity at LN2 temperatures

was approximately +44% with an experimental uncertainty of+ 19.6%..
 

This uncertainty is due to the large uncertainty in,the preir

radiation data. After heating the specimen to 4600K and sub

sequently cooling to LN2 temperature, the electrical resistivity
 

had recovered to within 10% of its initial preirradiation as
 

shown in Figure 5-11(d).
 

Figure 5-12 shows that the electrical resistivity .during
 

irradiation, at LN2 temperature, increased nonlinearly as a
 

function of neutron fluence from 2364 gohm-cm to 3410 gohm-cm
 

at an exposure of 3.3 x 1017 n/cm 2 (E > 1 MeV).
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The thermal conductivity of graphite was not calculated.
 

It was noted in Section III that the thermal conductivity'of
 

graphite'is probably dominated by the lattice-component; thus,
 

the Wiedemann-Franz Law would not be applicable.
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Table 5-5 

ELECTRICAL RESISTIVITY Or GRAPHITE BEFORE AND AFTER IRRADIATION 

Preirradiation 

Avg Temperature 
(OK) 

77.4 96.0 118.0 

Avg Resistivity 
Otfi -cm) 

2364 2175 2127 

No. of Resistivitya 
Measurements 

8 6 2 

Postirradiation 

Avg Temperature 
(OK) 

77.4 95.0 109.0 145.0 173.5 195.5 221,0 256.5 270.5 294.5 325.5 366.0 417.0 460.0 

) 
0(P 

Avg Resistivity 
f-cm) 

3409 2362 3427 3396 3283 3127 2922 2663 2585 2453 2321 2097 1790 1535 

No. of Resistivitya 
Measurements 

8 6 6 6 6 6 6 8 6 6 6 6 4 2 

Percent Standard 
Deviation 

0.14 0.86 0.06 D.06 0.27 0,42 0.63 

Postirradiation-Anneal 
b 

1.08 0.29 0.32 0.39 0.86 0.63 0.00 

Avg Temperature 
(OK) 

77.4 95.0 109.0 145.0 173.5 195.5 221.0 256.5 270.5 294.5 325.5 366.0 417.5 460.0 

Avg Resistivity 

6L0 -eta) 

No. of Resistivitya 
Measurements 

3409 

8 

3369 

6 

3493 

6 

3512 

6 

3472 

6 

3386 

6 

3268 

6 

3150 

6 

3116 

6 

3079 

6 

3061 

6 

3010 

6 

2927 

4 

2593 

4 

Pereent Standard 0.14 1.01 0.21 0.24 0.08, 
Deviation 

a Tro resistivity measurements for each temperature measuroeme. 

0.00 0.00 0.04 0,04 0.00 

b Rssiiymaue tL 

0.00 0.17 

2 tmeaue 

O.02 0.09 



5.4.5 Inconel*
 

The data for Inconel* are presented in Figures 5-13, 5-14,
 

and 5-15, Table 5-4 and Tables G-22 through G-26 of Appendix G.
 

Figure 5-13 presents the calculated pre- and postirradiation,
 

and postirradiation-anneal electrical resistivity data, and the
 

change in electrical resistivity as a function of temperature.
 

The preirradiation data range from 120.8 gohm-cm at 80'K to
 

124.1 pohm-cm at 3000 K. The postirradiation data range from
 

120.9 gohm-cm at 800K to 124.1 gohm-cm at 300 0K to 126.9 Pohm-cm
 

at 4600 K. The change in electrical resistivity at LN2 tempera

ture is approximately + 0.1%, which is the same as the experi

mental uncertainty of these data and is therefore considered
 

to be insignificant.
 

The postirradiation-anneal data at LN2 temperature was
 

essentially constant up to 330 0K as shown in Figure 5-13(d).
 

However, after increasing the temperature to 4600K, the electri

cal resistivity increased above the LN2 preirradiation value.
 

The reason for this behavior is not known.
 

The electrical resistivity as a function of radiation ex

posure at zero reactor power shown in Figure 5-14 is constant.
 

Figure 5-15 presents the thermal conductivity data calcula

ted using the pre- and postirradiation electrical resistivity
 

data. Since the type of Inconel is unknown, no comparison to
 

measured thermal conductivity can be made.
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Table 5-6
 

ELECTRICAL RESISTIVITY OF INCONELBEFORE AND AFTER IRRADIATION
 

Preirradiation
 

Avg Temperature 77.4 96.5 119.0 141.5 170.5 203.5 228.5 255.5 281.5 298.0
(0K)
 

Avg Resistivity 120.7 121.0 121.4 121.7 122.1 122.6 123.1 123.4 123.9 124.1
 
(Pu -cm)
 

No. of Resistlvitya 18 6 6 5 6 12 10. 6 6 6
 
Measurements
 

Percent Standard 0.02 0.00 0.04 0.00 0.03 0.04 0.04 0.04 0.03 0.00
 
Deviation
 

Thermal Conductivity 0.0157 0.0195 0.0240 0.0285 0.0342 0.0407 0.0455 0.0507 0.0557 0.0588
 
(watts/cm-°K)
 

Postirradiation
 

Avg Temperature 77.4 97.5 111.5 146.0 175.5 198.5 223.5 261.5 275.0 299.0 329.0 370.5 421.5 463.5
 

(K)
 

Avg Resistivity 120.8 121.1 121.3 121.8 122.2 122.6 122.9 123.5 123.7 124.1 124.5 125.2 126.2 127.0
 

(Af -cm) 

No. of Resistivity 8 6 6 6 6 6 6 6 6 6 6 6 4 4
 
Measurements
 

Percent Standard 0.04 0.00 0.03 0.04 0.00 0.04 0.00 0.05 0.03 0.04 0.00 0.03 0.04' 0.04
 
Deviation
 

Thermal Conductivity 0.0157 0.0197 0.0225 0.0294 0.0352 0.0397 0.0446 0.0519 0.0545 0.0590 0,0647 0.0725 0.0818 0.0894
 
(watts/cm-0 K)
 

Postirradiation-Annealb
 

Avg Temperature 77.4 97.5 111.5 146.0 175.5 198.5 223.5 261.5 275.0 299.0 329.0 370.5 421.5 463.5
 
(0 K) 

Avg Resistivity 120.8 120.8 120.8 120.7 120.7 120.7 120.7 120.7 120.7 120.7 120.8 120.9 121.3 121.6
 
(psi -cm) 

No. of Resistivitya 8 6 6 6 6 6 6 6 6 6 6 6 4 4
 
Measurements
 
Percent Standard 0.04 0.03 0.04 0.04 0.00 0.00 0.00 0.05 0.00 0.00 0.05 0.00 0.04 0.04
 

Deviation
 

a Two resistivity measurements for each temperature measurement. b Resistivity measured at LN2 temperature.
 



5.4.6 Aluminum 7039-T61(l)
 

The data for Aluminum 7039-T61(I) are presented in Figures
 

5-16, 5-17, and 5-18, Table 5-7, and Tables G-27 through G-32
 

of Appendix G.
 

Figure 5-16 presents the calculated pre- and postirradiation,
 

and postirradiation-anneal electrical resistivity data,, and the
 

change in electrical resistivity as a function of temperature.
 

The preirradiation data range from 2.238 pohm-cm at 800K to
 

4.860 vohm-cm at 3000 K. The postirradiation data range from
 

2.326 at 800K to 4.834 Aohm-cm at-3000 K to 6.719 /obm-cm at
 

460°K. A change in electrical resistivity at LN2 temperature
 

of approximately + 6.0% with an experimental uncertainty of
 

+ 2.6% was observed. The postirradiation-anneal data indicated
 

that the specimen had completely annealed at approximately 3600 K.
 

Annealing temperatures up to 4600 K resulted in a P of 2.128
 

gohm-cm, which is approximately 9% below the initial preirradi

ation value of 2.337 gohm-cm. This is probably because the
 

higher annealing temperatures resulted in property changes in
 

the material.
 

The electrical resistivity during irradiation (see Figure
 

5-17) increased linearly as a function of neutron fluence at
 

LN2 temperature from 2.16 to 2.29 ohm-cm at 3.3 x 1017 n/cm 2
 

(E > 1 MeV). 

Figure 5-17(a & b) presents the thermal conductivity data
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calculated using the pre- and pqstirradiation electrical resis-


Figure 5-17(c) is a comparison of the preirradiation
tivity data. 


data, including the Aluminum 7039-T61(2) specimen, with the 
pre

(Sec. III) and NBS data
irradiation data from the 37/RI04 test 


(Ref. 8). Figure 5-17(d) is a comparison of the change in
 

thermal conductivity. The thermal conductivity data of Al 7039

T61(1) and the 37/R104 agree within 4% up to 1800 K.
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Table 5- 7 

ELECTRICAL RESISTIVITY OF ALUMINUM 7039-T61(1) BEFORE AND AFTER IRRADIATION 

Preirradiation 

Avg Temperature 
(OK) 

77.4 96.0 118.5 140.5 169.5 201.5 225.5 252.0 277.5 294.0 

Avg Resistivity 
(Pn -cm) 

2.225 2.423 2.684 2.951 3.307 3.689 3.984 4.299 4.605 4.768 

No. of Resistivitya 

Measurements 
18 6 6 6 6 12 8 6 6 8 

Percent Standard 
Deviation 

0.08 0.33 0.35 0.17 0.20 0.47 0.16 0.49 0.02 0.64 

Thermal Conductivity 
(watts/cm-9gK 

0.852 0.971 1.082 1.167 1.256 1.338 1.387 1.436 1.476 1.511 

Postirradiation 

N3
Lo 

Avg Temperature 
(OK) 

Avg Resistivity 
(PO -cm) 

77.4 

2.337 

96.5 

2.497 

109.5 

2.635 

144.5 

3.043 

173.5 

3.376 

196.0 

3.624 

220.5 

3.909 

257.5 

4.352 

270.0 

4.503 

294.0 

4.773 

324.5 

5.125 

364.5 

5.592 

416.5 

6.187 

458.5 

6.703 

No. of Resistivitya 

Measurements 
8 6 6 6 6 6 6 8 5 6 6 6 -4 4 

Percent Standard 
Deviation 

0.04 0.33 0.44 0.55 0.27 0.07 0.13 0.87 0.11 0.16 0.16 0.23 0.03 0.05 

Thermal Conductivity 
(watts/cm-°K) 

0.811 0.947 1.018 1.163 1.259 1.325 1.382 

Postirradiation-Anneal b 

1.450 1.469 1.509 1.551 1.597 1.649 1.676 

Avg Temperature 
(OK) 

77.4 96.5 109.5 144.5 173.5 196.0 220.5 257.5 270.0 294.0 324.5 364.5 416.5 458.5 

Avg Resistivity 
(1,0 -cm) 

No. of Resistivitya 

Measurements 

Percent Standard 

2.337 

8 

0.04 

2.333 

6 

0.07 

2.327 

6 

0.06 

2.313 

6 

0.03 

2.286 

6 

0.04 

2.270 

6 

0.09 

2.265 

6 

0.09 

2.258 

6 

0.05 

2.253 

6 

0.05 

2.243 

6 

0.06 

2.236 

6 

0.03 

2.224 

6 

0.03 

2.190 

4 

0.06 

2.093 

4 

0.11 

Deviation 

a Tw7o resistivity measurements for each temperature measurement. b Resistivity measured at LN2 temperature. 



5.4.7 Aluminum 7039-T61I2)
 

The data for Aluminum 7039-T61(2) are presented 
in Figures
 

5-19, 5-20, and 5-21, Table 5-8, and Tables 
G-33 through G-38
 

of Aopendix G.
 

Figure 5-19 presents the calculated pre- and postirradiation

anneal electrical resistivity data, and the change 
in electrical
 

resistivity as a function of temperature. 
The preirradiation
 

data range from 2.174 gohm-cmat 80K to 4.815 
gohm-cm at 3001K.
 

The postirradiation data range from 2.330 1ohm-cm 
at 800K to
 

4.878 gohm-cm at 300
0K to 6.668 pohm-cm at 460

0 K. A change in
 

electrical resistivity at LN2 temperature of 
approximately +5.0%
 

The post
with an experimental uncertainty of ±1.7% was 

observed. 


irradiation-anneal data indicate that complete 
annealing had taken
 

place at approximately 360
0 K. The electrical resistivity con

in the case of specimen 1, below'the
 tinued to decrease, as 


After reaching an annealing teminitial preirradiation value. 


perature of 460°K, the electrical resistivity 
at LN2 temperature
 

was 2.107 gohm-cm, or approximately 8% below 
the initial value
 

of 2.291 gohm-cm.
 

In Figure 5-20, the electrical resistivity 
increased
 

linearly at LN2 temperature from 2.22 to 2.33 
gohm-cm as a func
 

17 n/cm (E >
 
tion of neutron fluence when exposed 

to 3.3 x 10


I MeV).
 

Figure 5-21 presents the thermal conductivity 
calculated
 

238
 



using the pre- and postirradiation electrical resistivity data.
 

A comparison of the preirradiation and change in thermal conduc

tivity data was presented in-Figure 5-17(c & d).
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Table 5-8
 

ELECTRICAL RESISTIVITY OF ALUMINUM 7039-T61(2) BEFORE AMD AFTER IRRADIATION
 

Preirradiation
 

Avg Temperature 77.4 96.0 118.5 140.5 169.5 
 202.0 226.0 252.5 278.5 295.0
 
(OK)
 

Avg Resistivity 2.159 2.355 2.620 2.884 3.243 3.629 3.931 4.242 4.558 4.743
 
(PQ -cm) 

No. of Reststivitya 18 6 6 6 6 12 10 6 6 6
 
Measurements
 

Percent Standard 0.13 0.33 0.44 0.21 0.19 0.53 0.40 0.48 0.52 0.15
 
Deviation
 

Thermal Conductivity 0.878 0.999 1.108 
 1.194 1.281 1.364 1.409 1.458 1.497 1.524
 
(wattslcm-0 K)
 

Postirradiation
 

Avg Temperature 77.4 97.0 109.5 144.5 174.0 196.5 221.5 259.0 271.5 
 295.5 326.0 366.5 418.0 460.5
 
(OK)
 

Avg Resistivity 2.291 2.535 2.686 3.095 
 3.428 3.683 3.973 4.407 4.556 4.826 5.174 5.634 6.218 6.660
 
(.a -cm) 

No. of Resistivitya 8 6 6 6 6 6 6 8 6 6 6 6 4 4
 
Measurements
 

Percent Standard 0.04 0.40 0.35 0.43 0.27 0.07 0.16 0.95 
 0.09 0.04 0.10 0.21 0.02 0.05
 
Deviation
 

Thermal Conductivity 0.828 0.938 0.999 1.144 1.244 1.307 1.366 1.440 1.460 1.500 1.544 
 1.594 1,647 1.694
 
(wattslcm-K)
 

Postirradiation-Annealb
 

Avg Temperature 77.4 97.0 109.5 
 144.5 174.0 196.5 221.5 259.0 271.5 295.5 326.0 366.5 418.0 460.5

JRK)
 

Avg Resistivity 2.291 2.288 2.280 2.263 
 2.229 2.204 2.198 2.189 2.186 2.177 2.170 2.158 2.137 2.087
 
- OA-cm) 

No. of Resistivitya 8 6 6 6 6 6 
 6 6 6 6 6 6 4 4
 
Measurements
 
Percent Standard 0.04 0.13 0.09 0.04 0.06 0.07 0.04 0.07 
 0.10 0.04 0.07 0.09 0.12 0.15
 

Deviation
 

a Two resistivity measurements for each temperature measurement. b Resistivity measured at LN2 temperature.
 



5.4.8 A-286 Steel
 

The data for the A-286 specimen are presented in Figures
 

5-22, 5-23, and 5-24, Table 5-9, and Tables G-39 through G-43 of
 

Appendix G.
 

Figure 5-22 presents the calculated pre- and postirradiation,
 

and postirradiation-anneal electrical resistivity data, and the
 

change in electrical resistivity as a function of temperature.
 

The preirradiation data range from 76.43 Aohm-cm at 80
0K to
 

92.55 gohm-cm at 3000K. The postirradiation data range from
 

76.59 gohm-cm at 800K to 93.67 pohm-cm at 460
0 K. A change in
 

electrical resistivity at LN2 temperature of approximately +0.4%
 

with an experimental uncertainty of ±0.9% was observed.
 

The-data in Table 5-9 and Figure 5-22(cy shows that the
 

first data point obtained in LN2 after irradiation is lower that
 

the preirradiation data and the data taken at the last zero
 

reactor power data cycle before the end of the irradiation. It
 

is also inconsistent with the LN2 data point taken after the 99
0K
 

temperature step, which indicates a shift in that data in LN2,
 

just after completion of the irradiation, due to an unknown bias.
 

The electrical resistivity as a function of neutron fluence
 

(Fig. 5-23) is constant.
 

Figure 5-24 presents the thermal conductivity calculated
 

using the pre- and postirradiation electrical resistivity data.
 

Experimental thermal conductivity data (Ref. 15) are plotted in
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Figure 5-24(a) for comparison.
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Table 5-9 

ELECTRICAL RESISTIVITY OF A-286 BEFORE AND AFTER IRRADIATION 

Preirradiation
 

Avg Temperature 77.4 96.0 119.0 141.0 171.5 203.5 229.0 255.5 282.0 298.5
(0K)
 

Avg Resistivity 76.31 77.86 79.75 81.63 84.08 86.60 88.39 89.93 91.42 92.50
 
(Q -cm)
 

No. of Resistivitya 18 6 6 6 6 12 4 6 6 6
 
Measurements
 

Percent Standard 0.02 0.12 0.12 0.06 0.05 0.12 0.27 0.19 0.07 0.04
 
Deviation
 

Thermal Conductivity 0.0247 0.0301 0.0364 qO.0421 0.0498 0.0573 0.0632 0.0693 0.0753 0.0787
 
(watts/cm-OK)
 

Postirradiation
 

Avg Temperature 77.4 99.0 111.5 145.5 175.5 199.0 223.5 262.0 275.0 299.0 330.0 370.5 '421.5 464.5
(0 K) 

Avg Resistivity 76.23 78.29 79.39 82.25 84.68 86.46 88.23 91.10 92.08 93.67 95.68 98.09 100.28 103.53
 
0A0 -cm) 

No. of Resistivitya 8 6 6 6 6 6 6 8 6 6 6 6 4
 
Measurements
 

Percent Standard 0.07 0.06 0.07 0.11 0.07 0.05 0.09 0.26 0.09 0.04 0.03 0.15 0.18 0.05
 
Deviation
 

Thermal Conductivity 0.0248 0.0309 0.0343 0.0432 0.0506 0.0562 0.0618 0.0702 0.0729 .0.0779 0.0849 0.0925 0.1030 0.1092
 
(wats/cm-°K) 

Postirradiation-Annealb
 

Avg Temperature 77.4 99.0 111.5 145.5 175.5 199.0 223.5 262.0 275.0 299.0 330.0 370.5 421.5 464.5
 
(OK)
 

Avg Resistivity 76.23 76.61 76.60 76.58 76.54 76.53 76.51 76.47 76.47 76.47 76.45 76.44 76.43 76.42
 
(p0-cm)
 

No. of Resistivitya 8 6 6 6 6 6 6 6 6 6 6 6 4 4
 
Measurements
 

Percent Standard 0.07 0.02 0.03 0.02 0.02 0.03 0.03 0.02 0.02 0.02 0.02 0.02 0.00 0.03
 
Dev5ation
 

a Two resistivity measurements for each temperature measurement, b Resistivity measured at LN2 temperature.
 



5.4.9 Stainless Steel 347
 

The data for stainless steel 347 are presented in Figures
 

5-25, 5-26, and 5-27, Table 5-10,and Tables 0-44 through G-49
 

of Appendix G.
 

Figure 5-25 presents the calcualted pre- and postirradiation,
 

and postirradiation-anneal electrical resistivity data, and the
 

change in electrical resistivity as a function of temperature.
 

The preirradiation data range from 57.33 Aohm-cm at 800K to
 

77.97 cohm-cm at 3000 K. The postirradiation data range from
 

57.66 gohm-cm at 800K to 78.19 1ohm-cm at 300
0K.to 90.13 pohm-cm
 

at 4600 K. A change in electrical resistivity at LN2 temperature
 

of approximately +0.7% with an experimental uncertainty of+0.9%
 

was observed. The postirradiation-anneal data indicated that the
 

specimen recovered completely after annealing at approximately
 

4600K.
 

In Figure 5-26, the electrical resistivity increased
 

linearly at LN2 temperature from 57.1 to 57.6 Mohm-cm as a fund

tion of neutron fluence when exposed to 3.3 x 1017 n/cm
2 (E >
 

1 MeV).
 

Figure 5-27 presents the thermal conductivity calculated
 

using the pre- and postirradiation electrical resistivity data.
 

A comparison of experimental thermal conductivity data (Ref. 15)
 

is made with the preirradiation data in,Figure 5-27(a).
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Table 5-10
 

ELECTRICAL RESISTIVITY OF SS-347 BEFORE AND AFTER IRRADIATION
 

Preirradiation 

Avg Temperature 
(OK) 

77.4 96.0 118.5 141.0 170.5 202.5 228.0 254.0 280.5 297.0 

Avg Resistivity 
(Pfl -cm) 

57.10 58.89 61.16 63.44 66.40 69.45 71.25 74.11 76.26 77.75 

No. of Resistivitya 
Measurements 

18 6 6 6 6 12 10 6 6 6 

Percent Standard 
Deviation 

0.05 0.13 0.18 0.12 0.15 0.22 0.17 0.19 0.26 0.19 

Thermal Conductivity 
(watts/cm-°K) 

0.0331 0.0398 0.0473 0.0542 0.0627 0.0711 0.0775 0.0836 0.0897 0.0932 

Postirradiation 

Avg Temperature 
(OK) 

77.4 97.5 110.0 145.0 175.0 197.5 222.5 260.5 273.5 297.5 328.5 368.5 419.5 462.5 

4-'" Avg Resistivity(Pn -cm) 
No. o -e)tvi 
No. of Resistivitya 
Measurements 

57.48 

8 

59.41 

6 

60.69 

6 

64.17 

6 

67.07 

6 

69.26 

6 

71.51 

6 

74.94 

8 

75.98 

6 

77.99 

6 

80.44 

6 

83.56 

6 

87.33 

4 

90.32 

4 

Percent Standard 
Deviation 

0.02 0.12 0.19 0.16 0.11 0.11 0.13 0.44 0.16 0.10 0.09 0.15 0.15 0.10. 

Thermal Conductivity 

(watts/cm-K) 
0.0329 0.0400 0.0442 0.0551 0.0637 0.0696 0.0759 0.0848 0.0878 0.0931 0.1001 0.1080 0.1177 0.1255 

Postirradiation-Annealb 

Avg Temperature 
(OK) 

7 .4 97.5 110.0 145.0 175.0 197.5 222.5 260.5 273.5 297.5 328.5 368.5 419.5 462.5 

Avg Resistivity 
(A? -cm) 

57.48 57.39 57.47 57.43 57.40 57.36 57.33 57.31 57.30 57.27 57.22 57.18 57.18 57.17 

No. of Resistivitya 

Measurements 
Percent Standard 

8 

0.02 

6 

0.55 

6 

0.04 

6 

0.01 

6 

0.02 

6 

0.02 

6 

0.04 

5 

0.01 

6 

0.02 

6 

0.01 

6 

0.01 

6 

0.02 

4 

0.00 

4 

0.03 

Deviation 

a Two resistivity measurements for each temperature measurement. b Resistivity measured at LN2 temperature. 



5.4.10 Beryllium
 

The data for the beryllium specimen are presented in Figures
 

5-28, 5-29, and 5-30, Table 5-11, and Tables 0-50 through G-55
 

of Appendix G.
 

Figure 5-28 presents the calculated pre- and postirradiation,
 

and postirradiation-anneal electrical resistivity data, and the
 

change in electrical resistivity as a function of temperature.
 

The preirradiation data range from 1.600 gohm-cm at 80
0K to
 

3.312 gohm-cm at 2200K. The postirradiation data range from
 

1.902 gohm-cm at 800K to 3.548 tohm-cm at 220
0K to 10.54 gohm-cm
 

at 4600 K. A change in electrical resistivity at LN2 temperature
 

of approximately + 19.5% with an experimental uncertainty of
 

+ 10.5% was observed. This change decreased to approximately
 

+ 6.0% at 230 0K. The postirradiation-anneal data in Figure
 

5-28(c) indicate complete recovery at approximately 260
0K.
 

The percent standard deviations for beryllium are slightly
 

larger than those for the other specimens. This is primarily
 

due to the low resistivity of beryllium. In addition, the beryl

lium specimen had voltage leads of different materials - one of 

nickel and one of copper. Essentially, this constituted a thermo

couple in the emf circuitry, so that at most temperatures at
 

which the data were obtained, the emf signal from the thermo

couple effect was much higher than the true emf induced by ap

plying current to the specimen. By measuring the thermocouple
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emf of the circuit and then the combined emf of the thermocouple
 

and the current, it was possible to determine the true emf in

duced by applying current to the specimen.' Since this required
 

taking the difference between two relatively large values, there
 

was a resulting loss in precision.
 

The last three preirradiation data points for beryllium
 

given in Table 5-1l are highly questionable since, contrary to
 

information obtained from the literature (Ref. 16), they do not
 

show an increase in electrical resistivity with increase in
 

temperature. An attempt to repeat these measurements at the
 

same temperature resulted in poor precision, as indicated by
 

the relative standard deviations of 6.54% and 4.13% (Table 5-11).
 

The most probable explanation is that there was moisture in eithe
 

the emf or current wires. However, the problem seemed to resolve
 

itself during the irradiation, as indicated by the postirradiatiol
 

and postirradiation-anneal data.
 

The electrical resistivity at IN2 temperature increased
 

linearly as a function of neutron fluence (see Fig. 5-29) from
 

1.59 to 1.90 gohm-cm after an exposure of 3.3 x 1017 n/cm
2 

(E > 1 MeV). 

Figure 5-30 presents the thermal conductivity data calcu

lated using the pre- and postirradiation electrical resistivity
 

data. A change in thermal conductivity of these data is a con

stant and is compared with the 37/R104 test data in Figure 5-30(d).
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Table 5-11
 

ELECTRICAL RESISTIVITY OF BERYLLIUM BEFORE AND AFTER IRRADIATION
 

Preirradiation 

Avg Temperature(OR) 77.4 96.0 119.0 140.5 170.0 202.0 227.0 254.0 279.5 305.0 

Avg Resistivity 
(p0 -cm) 

1.594 1.658 1.788 2.008 2.330 2.994 3.446 3.196 2.994 3.268 

No. of Resistivitya 
Measurements 

18 6 6 6 6 12 6 12 12 12 

Percent Standard 
Deviation 

3.48 1.55 6.26 0.99 0.89 3.28 0.62 6.54 0.71 4.13 

Thermal Conductivity 
(watts/cm-°K) 

1.189 1.419 1.631 1.714 1.788 1.653 1.614 1.947 2.287 2.287 

Postirradiation 

t(OK) 

o 

Avg Temperature 

Avg Resistivity 

(pa-cm) 

77.4 

1.901 

96.5 

1.927 

108.0 

1.962 

144.5 

2.249 

174.0 

2.678 

197.0 

3.079 

221.5 

3.561 

260.0 

4.533 

273.5 

4.826 

297.0 

5.554 

328.0 

6.467 

368.0 

7.726 

419.0 

9.215 

462.5 

10.642 

No. of Resistivitya 
Measurements 

8 6 6 6 6 6 6 8 6 6 6 6 4' 4 

Percent Standard 
Deviation 

0.45 1.10 0.70 1.05 0.68 1.54 1.81 2.25 1.68 0.73 0.40 0.67 2.13 0.91 

Thermal Conductivity 
(vat ts/cm-K) 

0.998 1.227 1.349 1.574 1.592 1.568 1.524 

Postirradiation-Anneal b 

1.405 1.388 1.310 1.243 1.167 1.114 1.065 

Avg Temperature (0K) 77.4 96.5 108.0 144.5 174.0 197.0 221.5 260.0 273.5 297.0 328.0 368.0 419.0 462.5 

Avg Resistivity 
(MR-cm) 

1.901 1.863 1.811 1.721 1.685 1.649 1.624 1.607 1.613 1.615 1.605 1.614 1.609 1.603 

No. of Resistivitya
Measurements 

8 6 6 6 6 6 6 6 6 6 6 6 4 4 

Percent Standard 0.45 0.33 1.40 0.98 1.01 
Deviation 

a Two resistivity measurements for each temperature measurement. 

1.11 1.37 0.73 0.92 0.96 0.93 0.81 

b Resistivity measured at LN2 temperature. 

0.60 0.91 



5.5 Conclusions
 

Complete recovery from radiation effects was experienced
 

in all specimens except graphite after annealing temperatures
 

to 4650 K. A 10% residual change was still observed in the
 

graphite specimen.
 

The largest changes in electrical resistivity occurred in
 

graphite, beryllium, and aluminum, respectively. This concurred
 

with data from the 37/R104 test reported in Section III.
 

It had been concluded in Section III that the Wiedmann-


Franz Law, when used with the Sommerfeld Value of the Lorenz
 

ratio, could not be used to predict thermal conductivity from
 

measured electrical resistivity with a very good accuracy. The
 

conclusions from this experiment concur with the conclusions in
 

Section III.
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.APPENDIX A
 

GTR RADIATION EFFECTS.TESTING SYSTEM
 

The GTR Radiation Effects Testing Facility is located
 

in the Reactor Operations Area at the north end of the NARF
 

complex. Figure A-I is a plan view and Figure A-2 is a cut

away view of the facility. A top view of the irradiation
 

test cell and the reactor tank is pictured in Figure A-3.
 

During operation, the reactor is moved into the closet-like
 

structure built into the-north wall of the GTR tank. Items
 

to be irradiated dan be located on the north, east, or west'
 

sides of the closet, as ihdicated in the figures.
 

The reactor closet is constructed of 1-in. aluminum
 

plate and is partially c'overed by i/4in'-thick boral to
 

atnuate thermal neutrons. The boral extends 36 in. east
 

and west from the closet along the tank wall and 36 in. up
 

and down from the horizontal centerline of the reactor 
core.*
 

The centerline is 57 in. above the test-cell floor.
 

The Ground Test Reactor (GTR) is a heterogeneous, highly
 

enriched, thermal reactor that utilizes wateras neutron mod

erator and reflector, as radiation shielding, and as coolant.
 

Maximum power generation is 10 MW. The GTR, in an Aluminum
 

enclosure to facilitate cooling-water flow, is suspended by
 

*The boral was removed for this experiment (see Appendix B).
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an open framework that is carried on a horizontal positioning
 

mechanism at the top of the reactor tank. This mechanism
 

permits the reactor to be positioned at distances ranging
 

from 2 to 87 in. from the north face of the closet.
 

Adjacent to the north wall of the irradiation cell is
 

the handling area. In this area, various connections are
 

made for cryogenic, hydraulic, and pneumatic equipment.
 

An integral part of the GTR testing facility is the
 

shuttle system, which is used to move test assemblies to and
 

from the irradiation positions This system consists of
 

cable-driven dollies mounted on three sets of parallel tracks.
 

The tracks extend from the irradiation positions adjacent-to
 

the reactor closet, up an incline to the north wall of the ir

radiation cell, and to a loading area on the ramp just north
 

of the handling area. The system can be operated from either
 

the control room or the dolly motor-drive shed on the north
 

ramp. Full-coverage televiewing of the entire shuttle system
 

is provided by means of a closed-circuit television in the con

trol room. Test assemblies that cannot be accommodated by
 

the shuttle system are lowered into position by a crane.
 

The control room (Fig. A-l) is a below-grade, reinforced
 

concrete structure adjacent to the GTR-system. The control
 

room provides a shielded area for reactor instrumentation,
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control consoles, and test systems, as well as special test
 

equipment needed to conduct radiation experiments.
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Figure A-I GTR Radiation Effects Testing Facility
 



1. Facility Shield
/ 2. Test Cell Shield
 

3. GTR Tank 
4. Reactor
 
5. Irradiation Test Cell 
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Figure A-2 GTR Tank and Irradiation Test Cell -Cutaway View 
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APPENDIX B
 

DOS'IMETRY TECHNIQUES AND DATA
 

B-I Nuclear ............
 

Nuclear measurements were determined from dosimetry
 

packets 'attached near the test components. Each packet con

sistedof a 3- by 3.5-in; aluminum plate with the following
 

detectors attached:
 

* 	One sulfur pellet for measuring fast-neutron
 
fluence (E >2.9 MeV)
 

* 	Two phosphorus pellets (one bare,, one cadmium
covered) for measuring thermai-neutron fluence
 
(E 	 < 0.48 eV). 

B-1.l Neutron Fluence
 

The phosphorus and sulfur pellets used in this experi

ment were compressed with a hydraulic press from compounds of
 

aluminum metaphosphate and calcium sulfate, respectively.
 

These pellets were developed for high-flux and high

temperature irradiations and have proved to be strong, hard,
 

and chip-resistant. A detailed description of these pellets
 

is given in Reference 17.
 

The ratio of neutron flux for E >1 MeV to that for
 

E> 2.9 MeV has been established to be 2.8 (Ref. 18). This
 

ratio was used to obtain values of the neutron fluence for
 

E >1.0 MeV from the sulfur data. Standard foil techniques
 

were used in specifying the neutron field (Ref. 18). All
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foils were counted in the'NARF Nuclear Measurements Labora

tory and the data fed into an IBM 7090 digital computer
 

program for computation of the neutron fluence.
 

The accuracy of the fast-neutron-fluence values is pri

marily dependent on the'accuracy with which the target

isotope cross section is known. For the S32(n,p)P32 reac

tion, the cross section is 300 + 30 millibarns. The extra

polation from the measured sulfur fluence (E > 2.9 MeV) to
 

the neutron fluence for E > 1 MeV requires that the shape of
 

the neutron spectrum be known. The uncertainty in the spec

trum introduces a +10% uncertainty in the fluence above 1 MeV
 

(Ref. 15). Since it is also necessary to extrapolate from a
 

dosimetry location to a test-specimen location, an additiona
 

uncertainty of +10% is 'introduced. The uncertainty due to
 

the counter calibration and the counting statistics is no
 

more than 5%. The estimated accuracy of the fluence above
 

an energy of 1 MeV is, therefore, +15%.
 

The thermal-neutron fluences are estimated.to be accu

rate to within +12%. The cross section for the p31(n,y)p32
 

reaction is 190 + 9.5 millibarns. The uncertainty in making
 

the extrapolation from the detector location to the test

specimen location is estimated to be.+10%. The counter cali

bration and counting statistics introduce an uncertainty of
 

about +5%.
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B-l.2 Gamma Dose
 

The gamma doses to which the specimens were exposed
 

exceeded the dose for which routine gamma detectors such as
 

N20 dosimeters are considered reliable. The reported gamma
 

doses were determined by applying previously measured
 

neutron-to-gamma ratios for similar experimental configura

tions to the neutron fluences measured during this experi

ment.
 

It is estimated that the gamma doses are accurate to
 

+21%, based on a +15% uncertainty in using the previously
 

measured neutron-to-gamma ratios.
 

B-,2 Dosimetry Results
 

B-2.1 Thermal ConaucLLvtLy/L2QeLreCa± K=V.LLtV±Ly 1ebL
 

Dosimetry packets were attached to the test apparatus
 

at the locations indicated in Figure B-I. This figure also
 

shows, for each packet location, the measured thermal

neutron fluence; the neutron'fluence for E > I MeV, taken as
 

2.8 times the fluence measured with the sulfur detectors;
 

and the gamma dose computed from the measured fast-neutron
 

fluence And neutron-to-gamma ratios. Also given are the
 

estimated neutron fluences (E > 1.0 MeV) to which each speci

men was exposed. The extrapolation from detector locations
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to the specimen locations was in part based on mapping data
 

obtained in earlier experiments.
 

B-2.2 Electrical Resistivity Test
 

Four dosimetry packets attached around the outside of
 

the electrical resistivity apparatus were used to measure
 

the neutron exposure of the specimens. An average of the
 

four measurements gives fluences of
 

3.33 x 1017 n/cm2 , E > 1.0 MeV
 

1.25 x 1016 n/cm2 , E < 0.48 eV
 

The estimated gamma dose is 3.2 x 10l ergs/g(C).
 

B-3 Analytical GTR Neutron Spectrum
 

The neutron spectrum (Ref. 17) of the GTR in a water
 

moderator has been measured to be Maxwellian at thermal
 

1
energies (E < 0.48 eV), approximately E- from about 0.5 ev
 

to 0.1 MeV, and essentially a fission spectrum for higher
 

energies. In Figure B-2, this spectral shape has been
 

mathematically altered to account for the attenuation of
 

thermal flux by the boral surrounding the reactor in the dry

pool configuration on the east and west sides. The resulting
 

spectrum has been shown to represent the actual spectrum
 

fairly accurately.
 

Flux measurements have been made in the thermal-,
 

epithermal-, and fast-neutron energy ranges by use of a
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variety of thermal, resonance, and threshold detectors.
 

Fast-neutron flux measurements (E > 2.9 MeV) made on the dry
 

side with the boral in place agree with those made on the
 

wet (tank) side. The measured thermal fluxes on the east
 

and west sides are in general agreement with that obtained
 

by integration of the analytical curve shown in Figure B-2.
 

For this experiment the boral thermal-neutron shield on
 

the north reactor face was replaced with a 1/8-in. sheet of
 

aluminum that had been plasma-sprayed with equal parts by
 

weight of 92% enriched boron-lO and A1203 powder. The new
 

configuration resulted in a higher thermal-neutron leakage
 

than in past experiments,as is indicated by the integrated
 

thermal-neutron data given in Figure B-1
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View from Reactor
 

Average Neutron Fluence per Specimen
 
(n/cm2, E > 1aMeV)
 

Al NBS WANL Ti Al NBS Be WANL Be Graphite Ti
 
Be Be Graphite
 

4 iJL 

J11 ,L.. 0.50(18) 1.1(18) 1.3(18) 1.1(18) 0.50(18) 

' iii Dear,'LN 2 Container
 

Neutron Fluence and Gamma Dose at Dosimetry Locations
 

Radiation Exposure 1 2 3 
Dosimetry Location 

4 5 6 7 8 

Neutron Fluence (n/cm2 ) 
E < 0.48 eV 
E > 1.00 MeV 

1.84(17) 
0.64(18) 

3.32(17) 
1.02(18) 

3.28(17) 
1.00(18) 

2.21(17) 
0.64(18) 

1.35(17) 
0.83(18) 

3.33(17) 
1.33(18) 

3.31(17) 
1.17(18) 

2.12(17) 
0.81(18) 

Gamma Dose [ergs/g(C)] 0.52(12) 0.98(12) 0.96(12) 0.46(12) 0.64(12) 1.28(12) 1.12(12) 0.57(12) 

Figure B-1 Dosimetry Locations and Readout for Thermal Conductivity Test
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Figure B-2 Analytical GTR Neutron Spectrum 
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(1967) Time 


Oct 13
 
1741 

1743 

1856 

2000 


Oct 14
 
0600 


0941 

1019 

1027 

1059 

1900 


Oct 15
 
0606 

1917 

2039 


Oct 16
 
1339 

1605 


Oct 17
 
1336 

-1341 

1351 

.2128 

2133 


Oct 18
 
1059 

1144 

1153 

1852 


APPENDIX C
 

REACTOR LOG
 

'DPbwer Elapsed Accumulated
Level Time Exposure'
 
(MW) (min) (MW-h) 

6.00 2 0.20
 
6.95 73 8.66
 
5.00 64 13.99
 
4.90 600 62.99
 

4.80 
 221 
 80.67
 
0.93 38 81.26
 
6.30 8 82.10
 
0.00 32. 82.10
 
4.80 481, L20.58
 
4.70 666 L72.75
 

4.60 791 .233.39
 
2'30 82 263.53
 
4.60 1020 314.73
 

7.06 146 331.91
 
-7.20 1291. 486.83
 

4.00 5 487.17
 
0.72 10 487.30 
7.20 457 542.14
 
4.00 5 542.47
 
7.20 806 639.19
 

0.00 45 639.19
 
0.50 9 639.27
 
5.00 419 6,74.14
 
0.00 1491 674.14 
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(1967) Time 


Oct 19
 
1943 

2244 

2306 


Oct 20
 
0130 

0848 

0918 

1204 

1224 

1234 

1308 

1325 

1354 

1450 

1545 

1730 

2300 


Oct 21
 
0806 


Oct 22
 
0500 

0900 

0930 

1000 

1130 

1139 

1207 

2300 


Oct 23'
 
0015 

0451 

0650 

0715 

1100 


Oct 26
 
1312 


APPENDIX C (Cont'd)
 

Power Elapsed

Lever' Time 

(MW) (min) 

7.20 

0.00 

7.20 


6.70 

0.00 

6.80 

0.00 

0.75 

0.00 

6.80 

0.00 

6.80 

0.70 

6.60 

6.80 

7.00 


0.00 


7.20 

6.80 

6.70 

6.60 

6.50 

0.00 

6.50 

7.20 


7.00 

6.70 

3.20 

6.70 

6.40 


181 

22 

144 


438 

30 


166 

20 

10 

34 

17 

29 

56 

55 

105 

330 

546 


1254 


240 

30 

30 

90 

9 


28 

653 

75 


276 

119 

25 


225 

4452 


6.20 1002 
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Accumulated

Exposure
 
(MW-h)
 

695.86
 
695.86
 
713.14
 

762.03
 
762.09
 
780.87
 
780.87
 
780.99
 
780.99
 
782.92
 
782.92
 
F89.27
 
F89.91
 
101.46
 
138.86
 
102.56
 

902.56
 

931.36
 
934.76
 
938.11
 
948.02
 
948.99
 
948.99
 
1019.73
 
1028.73
 

1060.93
 
1074.21
 
1075.55
 
1100.67
 
1575.55
 

1679.09
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(1967) Time 

Oct 27 
0554 
1012 
1125 

Oct 28 1800 

Oct 31 
0812 
0823 
0840 

Nov 3 
1032 
1037 
1046 
1841 

Power
Level 

(MW) 

6.40 

0.00 

6.40 

0.00 


0.04 

0.00 

5.00 


1.70 

0.00 

5.00 


Shutdown
 

ElapsedTime 
(min) 

AccumulatedExposure 
(MW-h) 

258 
73 

1835 
3732 

1706.61 
1706.61 
1902.35 
1902.35 

11 
17 

4432 

1902.35 
1902.35 
2271.68 

5 
9 

475 

2271.83 
2271.83 
2311.41 
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APPENDIX, D 

THERMOCOUPLE CALTBRATION 

The Cryogenic Data Center of-the National Bureau of
 

Standards at Boulder, Colorado, maintains "standard" tables
 

of voltage vs temperature for ten thermocouple pairs fre

quently used at low temperature (Ref. 20.). Because it is
 

unlikely that any one thermocouple will generate voltages
 

identical to any other, it is necessary to adjust the values
 

listed in the "standard". table before using -them-fora par

ticular thermocouple. To make the required adjustment,, a.

-"spot"calibration of the thermocouple(s) to be used is ma.de.
 

This calibration consists of establishing the voltag for a
 

definite temperature difference. This information is then
 

fed into the NBS FACTOR computer program, which calculates
 

the new voltage-vs-temperature values. Details of the cali

bration procedure performed at GDFWD are given below.
 

D-1 Method
 

Samples from-two spools of thermocouple wire,, one of
 

constantan and one of Chromel, were calibrated. Thermocou

ples were made from lengths of wire taken from the front,
 

middle, and end sections of each spool of wire; the thermo

couple beads were made by-melting the tips of the wires
 

together. A typical calibration setup is shown below.
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Potentiometer
 

LN2 Ice
 
Bath Bath
 

Two calibrations were made - one using liquid nitrogen
 

(LN2) and an ice bath and one using liquid argon (LA) and an
 

ice bath. The data shown in this appendix are for the LN2
 

and ice bath only. A tertiary standard potentiometer was
 

used to measure the output of the thermocouples. The baro

metric pressure was recorded before each measurement so that
 

an accurate temperature of the LN2 and LA baths could be
 

determined. Corrections were also made for the depth of the
 

thermocouples in the LA bath. A copper block was used as a
 

temperature stabilizer for the thermocouples in the LNj and
 

LA baths; the wires were rolled into spools approximately 6
 

to 8 in. from the junction to provide thermal tempering.
 

D-2 Results
 

Outputs from two thermocouples made from the same part
 

of the spools agreed to within lgV. Thermocouples made from
 

different sections of the spools showed a maximum variation
 

of 5.7lV, as shown in Table D-1. The readingsin Table D-1
 

show the voltage generated by the temperature difference
 

between an electronic ice bath and LN2. The ice bath was
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shown to vary from a real ice bath by a constant amount;
 

therefore, the readings in this table are slightly different
 

from readings taken elsewhere in the calibration.
 

Table D-1
 

OUTPUT OF THERMOCOUPLES MADE
 
FROM DIFFERENT SECTIONS OF SPOOLS
 

(LN2 AND ELECTRONIC ICE BATH)
 

Section First Second Third Fourth 
of Reading Reading Reading Reading 

Each Spool (V) (V) -(GV) (/V) 

Front 8691,.4 8691.9 8692.2 8692.0 

8692.0
Center 8693.0 8692.7 8691.9 


End 8687.3 8688.0 8687.3 8688.4
 

After the measurements in Table D-l were taken, one
 

thermocouple made from wire taken from the center of each
 

spool was checked over a four-day period with a new supply
 

of LN2 and a new ice bath each day. The LN2 temperature was
 

corrected for changes in barometric pressure over the four

day period. The data, given in Table D-2, show the maximum
 

variation of this thermocouple to be +0.9 gV.
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Table D-2 

DATA USED IN COMPUTING THERMOCOUPLE CALIBRATION TABLE
 

k Ice Bath T/C 
Temperaturea Temperature Output 

(OK) (OK) (gV) 

77.187 273.16 8700.0 
77.187 273.16 8698.2 
77.187 273.16 8698.3 
77.187 273.16 8699.7 
77.187 273.16 8700.0 

Avg 8699.24 

aAfter correction for barometric pressure.
 

The values used in the NBS FACTOR program were the two
 

temperatures 77.187°K and 273.16°K and the average thermo

couple output for the four-day period, 8699.24pV.
 

D-3 Accuracy
 

The contributing factors to the accuracy of the cali

bration are:
 

1. 	Differences between T/Cs made from various sections
 
of the spools. This was shown to be 5.7pV, or
±2.85 jv. 

2. 	Variations in thermocouple output over a period
 
of time. This was shown to be 1.8gV,or +0.9LV.
 

3. 	Accuracy of temperature of ice bath and LN2 bath.
 
The ice bath was made from distilled water and
 
crushed ice made from distilled water. It was
 
stirred with a Rosemount ice bath stirrer, which,
 
according to the manufacturer, has an accuracy
 
of +0.002°F, or, converting to usable terms,
 
_+0.03LV. The accuracy of the temperature of LN2
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depends upon the accuracy of the barometer used
 
to measure the pressure; this is taken as +0.1%
 
or, 	converting to microvolts, +0.21 gV.
 

4. 	Accuracy of voltage-measuring device. A Rubicon
 
potentiometer, tertiary standard Model 2768 with
 
an accuracy of +0.01% of reading plus 0.1 jiV, was
 
used. For the range used, this gives an accu
racy of +0.97 gV.
 

The RSS accuracy then is (using maximum varia
tions)
 

[(2.85)2 + (0.9)2 + (0.03)2 + (0.21)2 

+ (0.97)2]1 /2 = +2.93 ±V 

This is equivalent to +0.1080K at LN2 tempera
ture.
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T/C sample (microvolts) 


T/C ring (microvolts) 


Specimen current 

(amperes) 


Specimen voltage (volts) 


Shield voltage (Volts) 


Vacuum (mm-Hg) 


Barometric Pressure 

(mm-Hg) 


Resistance Fwd 

(microvolts) 


Volts Forward 

(microvolts) 


Resistance Rev. 

(microvolts) 


The emf output of the
 
grounded thermocouple
 
embedded in the lid on the
 
centerline of the specimen

diameter at the specified

AT
 

The emf output of the
 
grounded thermocouple
 
embedded in the lid on the
 
centerline of the rim of
 
the reference ring at th
 
specified AT
 

The current through the
 
specimen heater at the
 
specified AT
 

The voltage across the
 
specimen heater at the
 
specified AT
 

The voltage across the shiel_
 
heater at the specified AT
 

The vacuum inside the thermal
 
conductivity unit at time of
 
data cycle
 

The barometric pressure at
 
the time of the data cycle-


The emf output between T/C 1
 
and T/C 3 (140-mm specimen
 
length) with current flow
 
through the specimen
 

The forward voltage drop,
 
across a 9.745-,Q resistor in
 
the resistivity test cir
cuit. From this the current
 
through the specimen is
 
equal to E/R
 

The emf output between T/C I
 
and T/C 3 (140-mm specimen
 
length) with reverse current
 
flow through the specimen
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APPENDIX E
 

THERMAL CONDUCTIVITY/ELECTRICAL RESISTIVITY
 
TEST 37/R104 RAW EXPERIMENTAL DATA
 

The experimental data for the thermal conductivity/electrical
 

resistivity test are presented in Tables E-1 through E-15. An
 

explanation of the data appearing in these tables is presented
 

below.
 

Differential Temperature The approximate temperature
 
gradient in OK across the
 
specimen
 

T/C 1 (microvolts) 	 Che emf output of the un
grounded top specimen thermo
couple at the AT specified
 

T/C 2 (microvolts) 	 The emf output of the un
grounded middle specimen
 
thermocouple at the AT
 
specified
 

T/C 3 (microvolts) 	 The emf output of the un
grounded bottom specimen
 
thermocouple at the AT
 
specified
 

T/C 4 (microvolts) 	 The emf output of the un
grounded differential ther
mocouple between the shield
 
and the specimen at the loca
tion of T/C 3
 

T/C 5 (microvolts) 	 The emf output of the un
grounded thermocouple
 
located on top of the unit
 
lid at the specified AT
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Volts Reverse (volts) The reverse voltage drop 
across the 9.745-fl resistor 
in the resistivity circuit. 
From this the current through 
the specimen is equal to E/R 

Thermoelectric Power The emf output across 140 mm 
(microvolts) of specimen length with no 

current flow 
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Table E-1 

PREIRRADIATION DATA FOR ALUMINUM SPECIMEN 

Measurement 
0 16.1 32.0 61.9 

Differential Temperature. AT (OK)
79.1 133.9 161.3 166.8 177.3 194.1 210.4 

T/C 1 (pV) 
T/C 2 (pV) 
T/C 3 (9V) 
T/C 4 (pV) 
T/C 5 (PV) 

-1.5 
0.9 
-0.7 
0 
0 

105.1 
337.0 
571.0 
0.25 
-1.0 

226.3 
723.0 

1238.0 
-1.0 
-1.0 

496.5 
1592.4 
2756.6 

-1.1 
0.1 

-
678.0 

2178.0 
3779.5 

-2.5 
0 

1380.2 
4430.4 
7683.6 

5.5 
1.2 

1803.6 
5766.9 
9980,1 
-10.6 

2.1 

1895.8 
6051.0 

10464.0 
1.5 
1.0 

2070.0 
6595.0 
11390.2 

-7.0 
1.5 

2370.4 
7516.0 

12951.0 
-0.6 
2.25 

2669.9 
8436.0 
14501.4 

-3.6 
2.0 

Specimen Current (A) 
Specimen Voltage (V) 

0 
0 

0.05218 
3.0692 

0.07586 
4.4738 

0.11059 
6.5428 

0.12836 
7.5950 

0.18068 
10.672 

0.20579 
12.137 

0.21056 
12.415 

0.21978 
12.958 

0.23491 
13.831 

0.24943 
14.675 

Shield Current (A) 
Shield Voltage (V) 

0 
0 

0.04117 
25.345 

0,05923 
36.566 

0.08624 
53.397 

0.09992 
61.899 

0.14151 
87.538 

0.16180 
99.96 

0.16602 
102.50 

0.17335 
107.10 

0.18664 
115.11 

0.19945 
122.94 

Vacuum (rmo-Hg) 
Bar. Pressure (mm-Hg) 

1.5 ATM He 
745.5 

3.98x10"5 

744.0 
4.2xi0 "5  

744.0 
4.4xi0 "5  

742.0 
4.5xlO 5 

747.0 
5.OxIO"5  

745.2 
4.8x10"5  

742.1 
3.25x10-5 

747.2 
3.0xO-5 

746.6 
5.0xi0-5 

746.0 
5.0x10-5 
748.9 

T/C in Sample (MV) 
T/C in Ring (9V) 

-0.1 
0 

-0.5 
-0.6 

-1.0 
-1.2 

1.5 
1.2 

1.5 
0.5 

1.0 
0.5 

3.8 
4.3 

3.0 
1.5 

1.1 
2.1 

4.75 
10.0 

3.3 
7.2 

Resistance Fd (pV) 
Voltage Fwd (V) 

91.1 
4.8510 

152.6 
4.871 

0.0 
4.8712 

318.7 
4.8700 

380.3 
4.8753 

584.0 
4.6746 

707.9 
4.8765 

732.2 
4.8751 

779.0 
4.8700 

859.6 
4.8714 

.940.2 
4.8734 

Resistance Rev (pV) 
Voltage Rev (V) 

-95.2 
4.8805 

-45.0 
4.870 

211.3 
4.8720 

80.4 
4,8755 

126.3 
4.8700 

287.2 
4.6788 

370.0 
4.8731 

388.0 
4.8940 

425.5 
4.8700 

488.0 
4.8757 

552.0 
4.8733 

Thermoelectric Pwr (9V) -1.6 53.0 106 - 199.7 253.5 435.7 539.0 560.5 602.5 674.0 746.3 

Run Information 

Run No. 
Time 
Date (1967) 

21 
2055 
Oct 2 

24 
1945 
Oct 5 

25 
0631 
Oct6 

26 
2332 
Oct 6 

27 
0640 
oct 8 

28 
0455 
Oct9 

29 
2103 

9 

23 
0653 
Oct j 

22 
1134 
Oct 4 

30 
0651 
Oct 0 

31 
1905 
Oct 10 



Table E-2 

POSTIRRADIATION DATA FOR ALUMINUM SPECIMEN 

Measurement 
0 15.7 31.0 58.2 

Differential Temperature. AT {(°K) 
79.6 128.2 155.9 

. 
161.4 170.8 189.3 -206 8 

T/C I (#V) 
T/C 2 (AV) 
T/C 3 (pV) 
T/C 4 (#V) 
T/C 5 (#i) 

0 
2.5 
2.5 
1.3 
-3.0 

106.3 
334.5 
565.0 
-8.0 
-2.1 

224.0 
705.6 
1204.5 

-1.5 
-1.0 

-472.6 
1497.5 
2573.2 

8 
2 

- 708 
2246.0 
3849.0 
- 3.0 

5.1 

1345.6 
4274.3 
7320.6 

4.5 
6.4 

1753.6 
5587.4 
9583.3 

0.0 
8.4 

1836.9 
5856.1 

10044.5 
1.4 
7.2 

-

1986 
6331 
10862 

-3 
8.6 

2294.6 
7300.6 
12517.6 

-8 
9 

2607.0 
8271.4 
14168.2 

0.0 
6.5 

Specimen Current (A) 
Specimen Voltage (V) 

0 
0 

0.05041 
2.9786 

0.072P9 
4.3038 

0.10441 
6.1947 

0.12715 
7.5410 

0.17523 
10.360 

0.20180 
11.908 

0.20688 
12.202 

0.21578, 
12.717 

0.23282 
13.702 

0.24937 
14.653 

"3 

'.0 
F 

Shield.Current (A) 
Shield Voltage (V) 

Vacuu (mm-Hg) 
Bar. Pressure (zm-Hg) 

T/C in Sample (PV) 
T/C in Ring (pV) 

0 
0 

5x10"5  

754.0 

-0.6 
0.0 

0.03937 
24.354 

6x10-5 
754.4 

-2.5 
0.0 

0.0569B. 
35.326 

7,05 

753.8 

-0.4-
-0.5 

0.08160 
50.682 

6.5xlO "5  

755 

4.4 
0.7 

0.09861 
61.243 

l.7x10"5  

755 

-2.1 
-3.8 

0.13581 
84.148 

5x105 

753 

15.4 
13.1 

0.15650 
96,.750 

l,6x10"5  

753 

10.9 
8.5. 

0.16060 
99.220 

1.7x10 "5  

753 

12.1 
8.1 

0.16776, 
103.55 

1.7xl0 -5  

750 

19.2 
17.0 . 

0.18189 
112.10 

1.8xlo "5  

749 

21 
18.1 

0.19571 
120.47 

4.4x10 -5 

746 

21.6 
20.5 

Resistance Fwd (UV) 
Vo1tage Fwd (V) 

100.0 
4.8720 

154.5 
4.8727 

207.2 
4.8734 

300.4 
4.8738 

376.0 
4.8744 

562.7 
4.8758 

681.1 
4.8773 

605.4 
4.8763 

748 
4.8743 

834.6 
4,8703 

920 7 
4.8747 

Resistance Rev (IV) 
Voltage Rev (V) 

-100.0 
4.8718 

-56.4 
4.8722 

-17.0 
4.8739 

52 
4.8759 

108.8 
4.8723 

250 
4.8779 

341.4 
4.8762 

360 
4.8741 

394 
4.8748 

462.0 
4.8771 

531.3 
4.8744 

Thermoelectric Pwr (V) 0.0 48.7 94.8 176 242 406.4 511.6 532.8 571.2 647.7 726.0. 

Run Information 

Run No. 
Time 
Date (1967) 

P23 

1900 
Nov 5 

P2-4-5 
1435 
Nov6 

0133 
Nov 7 

P2 6 

G1228 
Nov 7 

P2; 
0730 
Nov 8 

. P2"8 
1533 
Nov8 

P2 "9 
2330' 
Nov 8 

P -10 
,0430 

Nov 9 

P -11 
i50 
Nov 9 

P -12-
153 

Nov 9 

P -13 
030 
Nov 10 



Table E-3 

POSTIRRADIATION DATA FOR ANNEALED ALUMINUM SPECIMEN 

Measurement 
0 15.9 31.9 61.7 

Differential Temperature. AT (OK) 
78.7 133.5 160.4 166.19 176.7 192.9 209.6 

T/C I (PV) 
T/C 2 (AV) 
T/C 3 (mV) 
T/C 4 (pV) 
T/C 5 (pV) 

-0.3 
1.4 
2.4 
0 

-1.2 

103.5 
332.0 
564.5 
-3.0 
-4.0 

225.7 
721.9 
1238.4 

5.4 
-2.2 

492.9 
1587.5 
2750.4 

-2.1 
1.6 

675.0 
2167.5 
3759.0 
'-3.9 

-1.1 

1375.6 
4417.4 
7657.7 
-0.8 
4.5 

1792 
5734.0 
9919.4 

3.0 
2.0 

1890.0 
6031.5 

10423.7 
-1.5 
3.0 

2065.0 
6575.9 
11353.7 

0.1 
5.9 

2350.4 
7458.8 

12850.0 
-4.1 
4.0 

2652.7 
8395.0 
14431.3 

3.1 
10.0 

Specimen Current (A) 
Spe6 imen Voltage (V) 

0 
0 

0.05218 
3.0650 

0.07593 
4.4724. 

0.11075 
6.5407 

0.12826 
7.5778 

0.18071 
10.660, 

0.20550 
12.104 

0.21070 
12.407 

0.22009 
12.952 

0.23464 
13.797 

0.24946 
14.655 

Shield Current(A) 
-Shield Voltage (V) 

0 
0 

0.04139 
25.433 

0.05964 
36.755 

0.08644 
53.430 

0.09962 
61.620 

0.14018 
86.590 

0.16047 
98.997 

0.16473 
101.58 

0.17264 
106.41 

0.18503 
113.96 

0.19803 
121.90 

Vacuum (tM-Hg) 
Bar. Pressure (mm-Hg) 

3.45xi0-4 

-
3.25x10-4 

747 
2.9x10-4 

746.2 
3.2k10-4 

749 
1.15x10- 4 

748 
1.35x104 

750.2 
1.35x10-4 

748.8 
1.25xi0'4 

750.0 
1.15x10.4 

749.2 
1.35xi0.4 

750.0 
1.19xi0_4 

747 

T/C in Sample (uV)
T/C in Ring (uV) 

-4.4 
-4.0 

0. 
0 

1.0 
1.5 

3.6 
3.9 

0 
0 

7.9 
6.6 

8.0 
9.0 

9.1 
10.0 

17.5 
16.4 

21.5 
19.4 

22 
19.6 

Resistance Fwd (jV) 
Voltage Fd (V) 

93 
4.8790 

151.7 
4.8720 

212.6 
4.8712 

318.4 
4.8799 

379.6 
4.8742 

590.3 
4.8729 

706.5 
4.8718 

731.6 
4.8752 

779.6 
4.8746 

856.8 
4.8710 

939.6 
4.8700 

Resistance Rev (#V) 
Voltage Rev (V) 

-94 
4.8780 

-66.3 
4.8727 

0 
4.8700 

79.5 
4.8770 

125.3 
4.8752 

280.6 
4.8747 

368 
4.8719 

383.7 
4.,8716 

421.3 
4.8731 

485.5 
4.8779 

551.1 
4.8721 

Thermoelectric Pwr (pV) 0 52.8 105.9 199.2 252.1 435.2 538.0 560 602.6 671.4 745.3 

Run Information 

Run No. I- P3-2 P3 -3 P -4 P -5 P -6 P -7 P-8 P -10 P I 
Time
Date (1967) NNv 13 

'1532
Nov 13 

0033 0!30
Nov 141 Nov14 134 

Nov14 
0730 
Nov15 

i28 
Nov15 

"2236 
No 5 

9030 
Nov16 

0139 
Nov 16 

1430 
Nov 16 



Table E-4 

PREIRRADIATION DATA FOR NBS BERYLLIUM SPECIMEN 

Measurement Differential Tmern ature. AT (OK) 
_7_ 28.2 9.7 84.8 988 '114.2 

T/C 1 (AV) -1.1 42.2 175.3 350.0 556.3 644.5 736.8
 
T/C 2 (,UV) 1.4 152.3 612.3 1234.5 2030.5 2396.0 2794.0
 
T/C 3 (AV) -1.5 256.7 1056.9 2217.5 3860.7 4670.4 5591.0
 
T/C 4 (#V) 4.4 -6.3 2.0 -0.1 -2.0 -8.6 -0.5
 
T/C 5 (AV) -2.5 -0.5 1.0 2.0 -1.0 0.0 2.1
 

Specimen Current (A) 0 0.10226 0.20277 0.28165 0.35114 0.37393 0.39844
 
Specimen Voltage (V) 0 1.2910 2.5783 3.6016 4.4960 4.7891 5.1008
 

Shield Current (A) 0 0.19975 0.39669 0.54035 0.65300 0.69618 0.7335
 
Shield Voltage (V) 0 32.660 65.475 89.554 108.27 115.54 121.53
 

-6  "7  "8  
Vacditn (nm-Hg) 1.3x10 7.8x10"? 1.05x,06 4.3xi0 2.2x10 5.5xlO 8 

Bar. Pressure (no-Hg) 746.5 746.0 747.0 747.6 742.1 744.5 

T/C in Sample (AV) Open Open Open Open Open Open Open 
T/C in Ring (#V)' 0.5 3.5 4.0 5.5 '7.5 8.6 8.1 

Resistance Fwd (AV) 69.5 112.5 224.9 346.0 469.0 517.9 565.9
 
Voltage Fwd (V) 4.8735 4.8700 4.8733 4.8700 4.8702 4.8750 4.8757
 

Resistance Rev (#V) -71.5 -30.0 71.0 173.8 264.0 294.6 322.3
 
Voltage Rev (V) 4.8749 4.8700 4.8741 4.8700 4.8730 4.8741 4.867
 

Thermoelectric Pwr (AV) -0.7 41.4 148.2 260 366.6 406.6 444.0
 

Run Information
 

Run No. 18 20 21 22 23 24 25
 
Time 0411 1250 
 0335 1433 0939 1816 . 1813Date (1967) Oct 3 Oct 3 Oct 4 0c 4 0 t 5 Oct 8 Oct 9 



Table E-5 

POSTIRRADIATTON DATA FOR NBS BERYLLIUM SPECIMEN 

eaen_72 _6.9 51.5 
Differential Temperature, 

83.0 0 
AT 
50.9 82.4 103,4 - " 

TIC 1 (PV) 
TIC 2 (9V)
TIC 3 (AV) 
T C 4 (V) 
TIC 5 (PsV) 

0 
1.6 
1.5 

0 
0 

41 
150 
254 
3.6 

-1 

162.5 
579.0 
989.2 

5.8 
2.1 

342 
1221 
2122 

2.6 
2.4 

584.5 
2128.5 
3830.4 

-0.5 
9.4 

0.0, 
1.7 
1.6 

-0.1 
0.0 

342.6 
1217.4 
2106.8 

-3.6 
7.0 

582 
2117.5 
3800, 

0.2 
17 

750.8 
2782.6 
5073.0 

2.2 
21.4 

Specimen Current (A) 
'Specimen Voltage (V) 

0 
0 

0,07525 
0.9564 

0.14758 
1.8871 

0,21142 
2.7162 

0.27667 
3.5553 

0 
0 

0.21237 
2.7224 

0,27550 
3.5403 

0,31227 
4.0100 

Shield Current(A) 
Shield Voltage (V) 

Vacuum (n-Hg)
Bar. Pressure (M-Hg) 

0 
0 

3.9x 
10'6 

754 

0.13911 
22.905 

4.5xl 
6 

753.5 

0.27228 
45.183 

5.5xl0 
5 

753.5 

0.39567 
65.735 

55xi05 
755.8 

0.51482 
85.615 

2.15xi05 
753.9 

0 
0 

1.15xi.0" 
753 

0.40150 
66.636 

5x,0 6 

752.7 

0.51409 
85.477 

ix0 5 

750 

0.57834 
96.037 

1.7x10"5 
748 

T/C in Sample (AV) 
T/C in Ring (UV) 

Open 
3.0 

Opez 
5.6 

Open 
9.1 

Open 
16.0 

Open 
22.5 

Oper 
2.9 

Open 
25.0 

Open 
19.0 

Open 
17,9 

Resistance Fwd (AV)'voltage FwA (V) 121.64.8754 
134.5
4.8708 

166.9 
4.8727 

200.5 
4.8742 

235.9 
4.8755 

118.4 
4.8761 

199.8 
4.8741 

235.2 
4.8767 

260.7 
4.8720 

Resistance Rev (MV) 
Voltage Re, (V) 

-121.8 
4.8714 

-110.1 
4.8707. 

-88.5 
4.8728 

-74.5 
4.8718 

-72.9 
4.8752. 

-118.6 
4.8743 

-69.4 
4.8755 

-71.8 
4.8723 

-72.5 
4,8750 

The=moelectric Par (PV) 0.0 11.8 39.0 62,4 80,6 69.5 81.0 93.1 

Run Information 

ime14 
Date (1967) 

P 3 

Nov 5 

4 
1445 
Nov 6 

P-5 
0 42 
Nov 7 

P 6 
115 
Nov 7 

P -7 
0334, 
Nov 8 

P-
133 
Nov 8 

P -9 
0Z42 
Nov 9 

P-10 
1&33 
Nov 9 

P 11 

Nov 9 



Table E-6
 

POSTIRRADIATION DATA FOR ANNEALED UBS BERYLLIUM SPECIMEN
 

Measurement 


T/C I (pV) 
T/C 2 (JV) 
T/C 3 (MV) 
T/C 4 (uV) 
T/C 5 (MV) 

Specimen Current (A) 

Specimen Voltage (V) 


Shield Current (A) 

Shield Voltage (V) 


Vacuum (mm-Hg) 
Bar. Tressure (=n-Hg) 


%.o
 
Un 	 T/C in Sample (UV) 

T/C in Ring (PV) 

Resistance Fwd (uV) 

'Voltage Fwd (V) 


Resistance Rev (PV) 

Voltage Rev (V) 


,Thermoelectric Pwr (PV) 


Run No. 

Time 

Date (1967) 


0 

0 

1.0 

0.5 

0 


-2.4 


0 

0 


0 

0 


3.5gIO- 6 


751.5 


Open 

0 

71 

4.8780 


-70.6 

4.8790 


0 

P -l 
055 


Nov 13 

7.8 28.2 

42.0 177.8 
157.4 608.4 
256.9 1050.4 

5.4 -4.4 
-1.4 3.2 

0.10212 0.20200 
1.2889 2.5688 

0.19985 0.38180 
32.688 63.081 

1.2xi07 3.5x108 

747 746 

Open Open 
7.6 12.0 

112.1 223.2 
4.8758 4.8725 

-31.8 68.9 
4.871 4.8715 

39.9 145.7 

Pa-2 -P 
i22 0042 

Nov 13 Nov 14 

52.9 


351.5 

1224.5 

2194.5 


-4.3 

11.6 


0.28063 

3.5864 


0.52283 

86.730 


5.0xi0-8 


748.2 


Open 

17.7 


342.6 

4.8708 


170.6 

4.8723 


256.2 


-4
 

0)a31 


Nov 14 


Differential Temperature. AT (OK) 
81.7 115.0
 

546,4 754.0
 
1966.0 2834.6
 
3718.6 5676.6
 

10 	 -2.0
 
5.0 13.0
 

0.34681 	 0.40268
 
4.4418 	 5.1436
 

0.63166 	 0.72569
 
104.92 	 120.17
 

8
2x1-	 8xi0-7
 
747.2 	 749.3
 

open 	 Open
 
27 32.6
 

460.0 570.4
 
4.8728 4.8758
 

257.6 322.5
 
4.8750 4.8718
 

359.0 	 446.4
 

Run Information
 

1 5 	 P4 

Nov 14 	 Nov 15 



Table E-7 

PRE1RRADIATION DATA FOR WANL BERYLLIUM SPECIMEN 

Measurement 
e0 15.1 30.3 64.6 

Differential Temperature. AT 
85,5 1 

(OK) 

ON 

TIC 1 (PV) 
TIC 2 (PV) 
TIC 3 (PV) 
T/C 4 (PV) 
TIC 5 (PV) 

Specimen Current (A) 
Specimen Voltage (V) 

Shield Current (A) 
Shield Voltage (V) 

Vacuum (=m-Hg) 
Bar. Pressure (mm-Hg) 

TIC in Sample (9V)
TIC in Ring (9V) 

Resistance Fwd (uV) 
Voltage Fwd (V) 

Resistance Rev (V) 
VoltageRev (V) 

Thermoelectric Pwr (#V) 

1.4 
0 

1.2 
0 

-0.9 

0 
0 

0 
0 

1.5 ATM 
745.4 

-3.4 
-2.7 

32.1 
4.8700 

-30.0 
4.8710 

+0.6 

82.8 
297.9 
515.5 
-8.6 
2.7 

0.21850 
2.4056 

0.23064 
37,233 

4.1xi0 -8 

742.1 

2.1 
0.4 

99,6 
4.8773 

34.4 
4.8735 

67.0 

171.75 
630.0 
1115.0 

-6.4 
5.0 

0.31260 
3.4662 

0.33326 
54.121 

4x10-8  

748 

15.0 
10.0 

163.8 
4.8741 

93.0 
4.8700 

128.5 

371.5 
1420.8 
2706.2 

0 
5.9 

0.45099 
5.0470 

0.48500 
79.226 

5.10 8 

750 

4.0 
19.1 

280,8 
4.8753 

194,2 
4.8758 

237.0 

478,0 
1896.4 
3784.5 
-9.5 
9.25 

0.51046 
5.7256 

0.54547 
89,249 

3xt0-8 

749 

3.25 
20.0 

336.6 
4.8738 

236.0 
4.8761 

'286.4 

Run Information 

Run No. 
Time 
Date (1967) 

20 

2100
Oct 2 

28 

2110Oct 9 

31 

0956Oct 10 

32 

0347Oct 1. -

33 

1350Oct 11 



POSTIRRADIATION 

Table E-S 

DATA FOR WANL BERYLLIUM SPECIMEN 

Na 
'0 

Measurement 

T/C 1 (pV) 
T/C 2 (MV) 
T/C 3 (9v) 
T/C 4 (V) 
T/C 5 (PV) 

Specimen Current (A)
Specimen Voltage (V) 

Shield Current (A) 
Shield Voltage (V) 

Vacuum (a=-Hg) 
Bar. Pressure (mm-Hg) 

T/C'in Sample (MV) 
T/C in Ring (MV) 

Resistance Fwd (9V) . 
Voltage Fwd (V) 

Resistance Rev (pV) 
Voltage Rev (V) 

Thermoelectric Pwr (vV) 

0 

0.5 
0 

1.4 
0 

-2.5 

0 
0 

0 
0 

4x1 -6  

754 

-4.0 
-3.4 

73.4 
4.8740 

-71.0 
4.8722 

1.0 

14.6 

79.9 
293.2 
497.1 
-8.9 
-0.6 

0.14465 
1.6045 

0.16137 
26.215 

6.5x10-6 

753.5 

0. 
0 

90,5 
4.8730 

-57.4 
4.8710 

16.0 

29.8 

176.7 
647.1 

1105.6 
1.6 
5.4 

0.21360 
2,3856 

0.24207 
39.540 

6x10-5 
753.7 

8.1 
6.6 

106.4 
4.8723 

-47.6 
4.8714 

29.0 

62.1 

402 
1494 
2640 

3.5 
6.0 

0.31907 
3.5923 

0.36629 
60.045 

5.1x10-5 

755 

10.8 
7.0 

130.0 
4.8760 

-42.7 
4.8754 

43.2 

Differential Temperature, AT (OK) 
78.9 0 61.2 

522.0 1.0 397.1 
1973.0 0 1475.3 
3551.0 1.7 2594.4 

-0.4- 0 0 
15.6 0 12.2 

0.36475 0 0.31857 
4.1111 0 3.5815 

0.41775 0 0.36760 
68.476 0 60.166 

1.5x10-5 lxl0-5 8.0x10- 6 

754.5 753.1 753.1 

19.0 -6.6 9.6 
18.2 -2.7 8.0 

140.1 71.9 129.7 
4.8733 4.8718 4.8771 

-44.5 -70.0 -40.0 
4.8770 4.8720 4.8727 

47.4 0.7 44.1 

78.5 

518 
1961.2 
3527.3 

0 
8.6 

0.36385 
4.1007 

0.41701 
68.336 

1.05xi0-5 
750.0 

14.0 
14.0 

140.0 
4.8747 

-43.7 
4.8723 

47.2 

Run Information 

Run No. 
Time 
Date (1967) 

P2 3 
1909 
Nov 5 

P2 -4 
1454 
Nov 6 

P2 -5 
2234 
Nov 6 

P -6 
131 
Nov 7 

P2 -7 
0625 
Nov 8 

P -8 
132 
Nov 8 

Pr9 
• 0127 
'Nov 9 

P 10 
1 39 
Nov 9 



Table E-9 

POSTIRRADIATION DATA FOR ANNEALED WANL BERYLLIUM SPECIMEN
 

Measurement 
0 -5.0 29.1 62.4 

Differential Temperature. AT (OK) 
83.4 

T/C I (AV) 
T/C 2 (AV) 
T/C 3 (AV) 
T/C 4 (pV) 
T/C 5 (AV) 

0.5 
0 

0.5 
0 

-3.5 

83.0 
297.0 
514.2 

5.8 
-3.0 

167.6 
604.9 

1067.1 
1.2 
7.6 

368.0 
1375.6 
2599.7 

9.2 
6.0 

477.4 
1858.7 
3685.3 

5.5 
7.0 

Specimen Current (A) 
Specimen Voltage (V) 

0 
0 

0.21780 
2.4056 

0.30600 
3.4030 

0.44467 
4.9892 

0.50686 
5.7007 

Shield Current (A) 
Shield Voltage (V) 

0 
0 

0.21132 
34.152 

0.29566 
48.060 

0.43015, 
70.408 

0.48566 
79.634 

0TC 

Vacuum (mm-Hg). 
Bar. Pressure (mm-Hg)

in Sample (AV) 

2x10"4  

751.3 
-3.0 

3.5x10 "8 

746.5 
-0.5 

3.5x10 -8 

747.0 
6.9 

3x10 -8 

749.1 
15 

4x,0-8 
747.0 
2.1 

T/C in Ring (WV) -3.0 -0.5 5.6 10 22.2 

Resistance Fwd (pV) 
Voltage Fwd (V) 

32.5 
4.8730 

99.4 
-4.8703 

158.4 
4.8766 

274.4 
4.8720 

332.0 
4.8758 

Resistance Rev (Av) 
Voltage Rev (V) 

-30.4 
4.8703 

33.0 
4.8721 

88.1 
4.8748 

187.6 
4.8782 

232.6 
4.8738 

Thermoelectric Pwr (AV) 0.6 67.2 123.8 231.8 282.7 

Run Information 

Run No. P3-2- P -4 P -5 6 

Time 
Date (1967) 

RunNo 

0727 
Nov 13 

1945 
Nov 13 

13-

. 0137 
Nov 
No3-3 

N 
3 
14 

.I52 
Nov 14 



Table E-10 

PREIRRADIATION DATA FOR GRAPHITE SPECIMEN 

Measurement 0 15.1 48.2 121.5 
Differential Temperature. AT (OK)

135.2 173.7 187.6 
-

207,7 , 

T/C I (PV) 
T/C 2 (9V) 

0 
-0.6 

137.5 
354.2 

638.3 
1559.0 

2237.0 
5313.5 

2530.7 
6069.2 

3405.6 
8264.5 

3696.0 
.9034.6 

4036.0 
10063.0 

T/C 3 (MV) 
T/C 4 (1V) 

1.0 
0 

578.5 
-7.0 

2383.1 
-1.1 

8266.0 
-8.5 

9521.2 
-4.3 

13217.4 
2.9 

14554.8 
8.4 

16416 
0.4 

T/C 5 (pv) 0 0.5 2.4 1.3 2.2 8.0 10.4 0.6 

Specimen Current (A) 0 0.12934 0,28909 0.60900 0.66579 0.81916 0.87530 0.96081 
Specimen Voltage (V) 0 1.7623 3,9696 8.3190 9.0835 11.148 11.896 13.037 

Shield Current (A) 
Shield Voltage (V) 

0 
0 

0.10826 
16.798 

0,23533 
36.926 

0.43144 
68.351 

0.45873 
72.756 

0.52861 
83.892 

0.55165 
87.655 

0.57851 
92.035 

Vacuum (mm-Hg) I.SATM 1.75x10-4  8x10" 5 8x10 "5  7.75x10 - 5 7.5xi0 "5  7x10 "5  7.5xi0 - 5 

-Bar. Pressure (mm-Hg) 745.4 747.0 742.0 744.0 746.2 745.0 742.1 746.0 

T/C in Sample (PV) 3.9 3.0 0.6 3.5 1.5 7.0 6.3 2.7 
T/C in Ring (AV) 2.9 -1.0 11.7 3.9 27.0 49,.6 50.6 31.2 

Resistance Fwd (,V) 3600 3592.5 3427.7 3089.0 3034.5 2953.6 2892.5 2845.5 
Voltage Fwd (V) 0.9766 0.9826 0.9755 0.9774 0.9790 0.9881 0.9782 0.9718 

Resistance Rev (PV) -3615 -3469 -3084.2 -2495.0 -2417.9 -2252.4 -2156.8 -2059.6 
Voltage Rev (V) 0.9762 0.9833 0.9745 0.9733 0.9745 0.9877 0.9778 0.9733 

Thermoelectric Pwr (pV) -1.4 63.3 169.7 292.0 306.3 348.0 365.6 394.4 

Run Information 

Run No. 14 16 19 20 15 1 22 23 -21 
'Time 2103 0728 0038 1245 0140 0606 1700 0439 
Date (1967) Oct 2 Oct 5 Oct 7 Oct 7 Oct 4 Oct 9 Oct 9 Oct 8 



Table E-11 

POSTIRRADIATION DATA FOR GRAPHITE SPECIMEN
 

Measurement 
0 17.2 50.4 117.8 

Differential Temperature, AT (°K) 
133.4 195.5 

T/C I (/V) 
T/C 2 (#V) 
T/C 3 (PV) 
T/C 4 (gV) 
T/C 5 (/V) 

-63.4 
-64.4 
-60.0 
15 
0 

102.6 
363.3 
614.1 

7.4 
0.5 

518.1 
1472.6 
2337.6 

1.4 
0.8 

1778 
4825 
7422 
-1.0 
3.8 

2178.1 
5833.4 
8904.6 

3.2 
3.6 

4291.8 
10882.7 
15973.0 

-6.1 
6.5 

Specimen Current (A) 
Specimen Voltage (V) 

0 
0 

0.07213 
0.9894 

0.15220 
2.1020 

0.32854 
4.504 

0.37537 
5.1340 

0.58741 
7.9570 

Shield Current (A) 
Shield Voltage (V) 

0 
0 

0.04883 
7.6510 

0.09836 
15.561 

0.19068 
30.287 

0.21509 
34.156 

0.33022 
52.369 

w 
0 
o 

Vacuum (mm-Hg) 
Bar. Pressure (mm-Hg) 

T/C in Sample (uV) 
T/C in Ring (#V) 

9xi0-5 

754.0 

0 
3.0 

8.8x10-5 

753.5 

-0.4 
3.0 

lx10-4 
754.5 

-0.1 
4.5 

1.5xi0 "5  

755.0 

4.0 
14.2 

1.6xi0-5 

753.5 

0 
10.0 

1.7x10"5 

749.6 

1.4 
18.9 

Resistance Fwd (gV) 
Voltage wd (V) 

5411.0 
0.9720 

5359.0 
0.9753 

5062.9 
0.9727 

3705.2 
0.9758 

3161.7 
0.9773 

714.4 
0.9746 

Resistance Rev (pV) 
Voltage Rev (V) 

-5409 
0.9713 

-5458.9 
0.9753 

-5567.9 
0.9783 

-6217.0 
0.9708 

-6535.1 
0.9733 

-7756.4 
0.9740 

Thermoelectric Pwr (pV) 0 -49.0 -237.2 -1263.0 -1693.6 -3516.8 

Run Information 

Run No. 

Time 
Date (1967) 

,2 

-3 P 

Nov 5 

P-3 

01;4 

Nov 7 

P4-14 

i11 
Nov 7 

215 
07 

Nov 8 

P -6 
0j29 . 

Nov 9 

P -17 
;6 

Nov 9 



Table E-12 

POSTIRRADIATION DATA FOR ANNEALED GRAPHITE SPECIMEN 

Measurement 
0 15.6 49.6 119.3 

Differential Temperature. AT (OK)
131.1 190.1 

T/C 1 (PV) 
T/C 2 (#V) 
T/C 3 (PV) 
T/C 4 (#V) 
T/C 5 (MV)' 

-3.6 
-1.5 
0 
3.4 
-0.8 

126.0 
377.0 
-583.5 

9.5 
-7.5 

626.6 
1642.5 
2424.2 

12.0 
0 

2118.2 
5421.2 
7974.1 
-4.3 
4.5 

2405.0 
6155.6 
9072.0 

-2.7 
5.6 

3908.4 
10078.4 
15028.2 

6.9 
10.5 

Specimen Current (A) 
Specimen Voltage (V) 

0 
0 

0.07520 
1.0182 

0.16758 
2.2892 

0.36025 
4.9173 

0.39356 
5.3645 

0.56943 
7.7146 

Shield Current (A) 
Shield Voltage (V) 

0 
0 

0.05363 
8.2991 

0.11349 
17.782 

0.21845 
34.530 

0.23507 
37.204 

0.32426 
51.406 

w 
0 
-4 

Vacuum (M-Hg) 

Bar. Pressure (mm-Hg) 

T/C in Sample (uV)
TIC in Ring (9V) 

4.7xi0-4 

746 

-1.8 
1.4 

7K104 

746.5 

1.0 
-2.5 

7x10-4  

748.2 

-1.4 
3.6 

-

749.3 

0 
10.9 

4.8x0-4 

748.8 

0 
11.4 

5x10-4 

750.0 

0 
16.5 

Resistance Fwd (,uV) 
Voltage Fwd (V) 

4922.4 
0.9727 

4728.4 
0.9710 

4163.5 
0.9752 

2489.0 
0.9729 

2200.0 
0.9766 

651.3 
0.9738 

Resistance Rev (pV) 
Voltage Rev (V) 

-4930.7 
0.9731 

-5045.6 
0.9777 

-5356.0 
0.9752 

-6462.9 
0.9767 

-6659.0 
0.9727 

-7751.2 
0.9738 

Thermoelectric Pwr (OV) -2.5 -140 -598.5 -1978.0 -2236.4 -3546.4 

Run Information 

Run No. 
T im e 
Date (1967) 

P3-13 
0 23 0 

Nov 17 

P3-2P-4 
21 4 7 

Nov 13 

1 

Nov 14 

0 

Nov 15 

1 5 7 

Nov 15 

oI3 0 

Nov 16 



Table E-13 

PREIRRADIATION DATA FOR TITANIUM SPECIMEN
 

Measurement 
Measureent0 15.7 31.3 60.9 

Differential Temperature. AT (°K) 
77.9 133.5 156.7 

-

179.2 229.4 

T/C 1 (V) 
T/C 2 (uV) 
T/C 3 (fV) 
T/C 4 (pV) 
T/C 5 (pV) 

-0.4 
2.4 
4.2 
1.6 

-2.1 

-118.4 
346.2 
576.1 

3.2 
-3.0 

254.0 
742.4 
1254.8 
-11 
-1.4 

541.5 
1619.2 
2780.7 

1.0 
-1.4 

728.0 
2201.5 
3800.7 

7.0 
-1.6 

1460.6 
4518.6 
7794.0 

-6.3, 
-1.0, 

1837.0 
5698.75 
9763.25 

0 
-1.6 

2241.6 
6944.4 
11782.2 

-7.7 
6.2 

3354.5 
10248 
16885 

-6.0 
0 

Specimen Current (A) 
Specimen Voltage (V) 

0 
0 

0.09212 
1.2009 

0.13402 
1.7548 

0.19353 
2.5447 

0.22394 
2.9467 

0.31582 
4.1534 

0.35583 
4.6750 

0.39391 
5.1703 

0.48730 
6.3837 

Shield Current (A) 
Shield'Voltage (V) 

0 
0 

0.01048 
6.6758 

0.01715 
10.819 

0.02671 
16.902 

0.03269 
20.677 

0.05369 
33.849 

0.06390 
40.196 

0.07538 
47.361 

0.10733 
67.232 

Vacuum (mm-Hg) 
Bar. Pressure (--Hg) 746.0 

i.65xi0 "6  

747.5 
1.5xIO-6 

747.6 
5xi08 

745.3 
1.4x107 

745.5 
2x107 

743.5 
3x10-8 

745.5 
7x108 

747.5 
1.9x10-6 
744.5 

w T/C 
T/C 

in Sample'(V) 
in Ring (fV) 

-0.5 
3.3 

0 
3.4 

0 
3.7 

0.5 
4.0 

0.6 
4.7 

4.0 
7.4 

4.5 
7.4 

7.9 
10.8 

7.0 
9.4 

Resistance Fwd (AV) 
Voltage Fd (V) 

491.4 
4.8715 

570.1 
4.8700 

656.0 
4.8700 

833.8 
4.8721 

949.0 
4.8760 

1392.0 
4.8750 

1612.5 
4.8740 

1841.9 
4.8718 

2425.6 
4.8700 

Resistance Rev (pV) 
Voltage Rev (V) 

-491.0 
4.8771 

-422.0 
4.8700 

-346.0 
4.8700 

-189.5 
4.8755 

-86.0 
4.8773 

316.0 
4.8796 

519.6 
4.8734 

733.5 
4.8720 

1282.6 
4.8716 

Thermoelectric Pwr (pV) 0.1 74.0 155.0 321.8 429.7 853.6 1065.9 1287.2 1854.4 

Run Information 

Run No. 
Time 
Date (1967) 

15 
0403 
Oct 3 

16 
0855 
Oct 4 

17 
092.5 
Oct 5 

211 
0341 
Oct 8 

22 
0200 
Oct 9. 

23 
0400 

Oct 10 

24 
0655 

Oct 11 

25 
2158 

Oct 11 

26 
1445 

Oct 12 



Table E-14 

POSTIRRADIATION DATA FOR TITANIUM SPECIMEN
 

Measurement Differential Temperature. AT' (OK)

0 15.0 76.3 130.3 221.2
 

T/C 1 (PV) 
 2.5 123 746 1488.0 3349.3
 
T/C 2 (gV) 8.0 343.6 2195 4479.5 9923.3
 
T/C 3 (PV) 11.6 568.2 3759 7654.6 16311
 
T/C 4 (pV) 66.4 3.0 -1.4 -1.2 -6.6
 
T/C 5 (pV) -0.6 -2.0 1.0 1.6 2.4
 

Spcimen Current (A) 0 0.08990 0.22087 0.31208 0.47636
 
Specimen Voltage (V) 0 2.9122 6.21521.1762 4.1010 


Shield Current (A) 0 0.0124 0.03330 0.05358 0.10545

Shield Voltage (V) 
 0 6.4931 21.107 33.810 65.858
 

Vacuum (mm-Hg) 5x10-6 3.7x10-6 8x10-5 6x1- 5 8x10-6

Bar. Pressure (mm-Hg) 754.0 755.2 755.0 
 753.0 747.5
 

T/C in Sample (PV) Open Open Open open OpenT/C in Ring (uV) 3.5 3.0 4.5 4.5 9.2
 

Resistance Fwd (MV) 495.5 444.8 
 944.7 1376.1 2352.9
 
Voltage Fwd (V) 4.8763 4.8709
4.8778 4.8730 4.8768
 

Resistance Rev (pV) -491.2 -296.8 -92.5 
 293.1 1207.9
 
Voltage Rev (V) 4.8728 4.8703 4.8761 
 4.8763 4.8753
 

Thermoelectrib Pwr (MV) 1.7 423.0 1780.5
72.4 835.0 


Run Information
 

Run No. P,-3 P2-4 P.-5 P2 -6 P2-7 
Time 1 15 1340 0752 0330 2341 
Date (1967) 
 Nov 5 
 Nov 7 
 Nov 8 
 Nov 9 
 Nov9
 



Table E-15 

POSTIRRADIATION DATA FOR ANNEALED TITANIUM SPECIMEN 

Measurement 


T/C I (pV) 
T/C 2 (PV) 
T/C 3 (PV) 
T/C 4 (pV) 
T/C 5 (nV) . 

Specimen Current (A) 

Specimen Voltage (V) 


Shield Current (A) 

Shield Voltage (V) 


Vacuum (mm-Hg) 
Lo Bar. Pressure (mm-Hg)
o
 

T/C in Sample (AV) 

T/C in Ring (/V) 


Resistance Fwd (gV) 
Voltage Fwd (V) 

Resistance Rev (PV) 

Voltage Rev (V) 


Thermoelectric Pwr (pV) 


Run No. 

Time 

Date (1967) 


• 0 


2.5 

8.0 

11.6 

66.4 

-0.6 


0 

0 


0 

0 


5xl0- 6 


754.0 


Open 

3.5 


495.5 

4.8763 


-491.2 

4.8728 


1.7 


91P
2 -3 

1915 
Nov 5 

14.5 


114.5 

327.0 

541.6 


0 

-2.0 


0,08892 

1.1511 


0.00922 

5.8113 


4.5x1O-6 


748.2 


Open 

2.5 


565.6 

4.8780 


-425.6 

4.8760 


68.8 


F-2 

1147 

Nov 14 

72.3 


679.6 

2027.3 

3482.6 


9.4 

-1.6 


0.21507 

2.8156 


0.02978 

18.796 


5xiO-6 


749.7 


Open 

3.0 


914 

4.8741 


-121 

4.8743 


395.6 


P -3 

0545 

Nov 15 


132.2 


1475.5 

4507.5 

7742.6 


9.4 

12.4 


0.31522 

4.1256 


0.05230 

32.913 


i.5xlo-6 

750.0 


Open 

3.6 


1386.1 

4.8743 


306.9 

4.8763 


846.7 


P -4 
240 

Nov 15 


Differential Temperature. AT (OK)

224.6
 

3344.2
 
10065.2
 
16536
 

-6.1
 
-3,5
 

0.48064
 
6.2690
 

0.10392
 
64.960
 

5.5x0-6
 

747
 

Open
 
7.1
 

2383.0
 
4.8718
 

1239.2
 
4.8723
 

1811.7
 

Run Information
 

P-5
 
135 
Nov 16
 



APPENDIX F
 

THERMAL CONDUCTIVITY/ELECTRICAL RESISTIVITY
 
TEST 37/R104 CALCULATED DATA
 

Tables F-1 through F-99 contain the data and calculations
 

for k, Ak, p , AP, and the Lorenz ratio. The "Input Data" 

were calculated from the raw experimental data in Appendix E
 

and, then, processed by an IBM 360 computer. The methods used
 

to process the data and definitions of the statistical terms
 

are presented in Section III. Table F-100 is electrical resistiv

ity data taken during irradiation.
 

A general rule to follow to determine a reasonable number
 

of significant digits that are applicable to the various values
 

listed in the following tables is to make a relative comparison
 

between the value considered and its respective confidence
 

limit. For example, a value of P = 1.4996 pohm-cm may be accu

rate to five significant digits, but with a confidence interval
 

of 1.4938 and 1.-5053 Mohm-cm, p might well be limited to 1.500
 

+ 0.006 gohm-cm so far as inferences about the final results
 

are concerned.
 

The data listed in the IBM E format is interpreted as
 

follows:
 

= 1.552 x 102
1.55200E 02 


1.55200E-02 = 1.552 x 10-2
 

305
 



Table F-I 

THERMAL CONDUCTIVITY OF ALU1IN M: PREIRRADIATION RUNS I TERU 4 

Input Data Calculated Data Run Least Squares 
No. Fit Coefficients 

Temperature 
(OK) 

Thermal Cond 
F (W/cm-°K) 

Thermal Cond 
(W/cm-K) 

Residuals 
(input-calc) 

. " , I k =C 1 + C2T + C3T2 

8.1179990 01 8.678000E-01 8.607628E-01 T.0372222-03 I 
8.5569990 01 8.927000E-01 8.847638E-01 7.936180E-03 2 C 2.90627E-01 
8.9409990 01 9.020000E-01 9.051846E-01 -3.184617E--03 1 
9.4969990 01 
9.7359990 01 

9.328000E-01 
9.33900-01 

9.338014E-01 
9.457567E-01 

-1.001358E-03 
=1.185673E-02 

3 
1 C2 = 8.49900E-03 

1.0090000 02 9.612000E-01 9.630834E-01 -. 883388E-03 4 
1.0220000 02 9.658000E-01 9.693316E-01 -3.531575E-03 2 
1.177000D 02 1.023000E 00 1.039099E 00 -1.609898E-02 2 C3 = -1.81805E-05 
1.2750000 02 1.098000E 00 1.078702E 00 1.929760E-02 3 
1.4270000 02 1.151999E 00 1.133219E 00 1.878071E-02 4 
1.5680000 02 1.160000E 00 1.176279E 00 -1.627922E-02 3 
1.7990000 02 1.231999E 00 1.23L1203E 00 7.963181E-04 4 

Statistical Terms 

(fReaiduals) /d-f. 

- 1.303920E-02 

d.f. -9 

to = 2.26 

a - 0.05 

Temperature 
(0 K) 

k 
(W/cm-'K) 

SK 
95% Confidence Linits 

on Individuals 
Lower Upper 

95% Confidence Limits 
on the Mean 

Lower Upper 

80.. 8.54192E-01 8.16583E-03 8.19422E-01 8.88962E-01 8.35737E-01 8.72647E-01 
90. 9.08275E-01 5.19505E-03 8.765532-01 9.39996E-01 8.96534E-01 9.20015E-01 

100. 9.58721E-01 4.40104E-03 9.27619E-01 9.89823E-01 9.48775E-01 9.68668E-01 
110. 1.00553E 00 5.15076E-03 9.73828E-01 1.03722E 00 9.93892E-01 1.017 00 
120. 1.04871E 00 6.03631E-03 1.01623E 00 1.08118E 00 1.03506E 00 1.062356 00 
130. 1.08825E 00 6.50580E-03 1.05531E 00 1.12118e 00 1.07354E 00 1.10295E 00 
140. 1.12415E 00 6.53267E-03 1.091192 00 1.15711E 00 1.10938E 00 1.13891E 00 
150. 1.15641E 00 6.42228E-03 1.12357E 00 1.18926E 00 1.14190E 00 1.17093E 00 
160. 1.185052 00 6.85827E-03 1.15175E 00 1.21834E 00 1.16955C 00 1.20054E 00 
170. 1.21004E 00 8.62111E-03 1.1471E 00 1.24537E 00 1.19056E 00 1.22952E 00 
180. 1.23140E 00 1.19426E-02 1.19144E 00 1.27136E 00 1.20441E 00 1.25839E 00 
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Table F-2 

THERMAL CONDUCTIVITY OF ALUMINUM: POSTIRRADIATION RUNS I THRU 4 

Input Data Calculated Data Run Least Squares 

No. . it. Cofficients 
Temperature

(0 
K) 

Thermal Cond 
(W/cm-0K) 

Thermal Cond 
(W/cm

0
K) 

Residuals 
(input-calc) 

k =C 1 + C2 T + C3T2 
8.1299990 01 8.2600008-01 8.217891E-01 4.2L0889E-03 I 
8.5299990 01 
8.9399990 01 

8.44400E-01 
8.620999E-01 

8.414700E-01 
8.613682E-01 

2.929986E-03 
7.317066E-04 

2
1 

C1 = .3.64391E-0l 

9.439999D 01 
9.689999D 01 
1.016000D 02 

8.807999E-01 
8.95300E-01 
9.1760002-01 

8.852577E-01 
8.970474E-01 
9.189312E-01 

-4.457772E-03 
-1.7474292-03 
-1.331270E-03 

'3 

2 2 6.29877E-03 
1.027000D 02 
1.167000D 02 
1.2500000 02 

9.21600*-01 
9.744999E-01 
1.030999E 00 

9.2400012-01 
9.8676174E-01 
1.022447E 00 

-2.400100-03 
-1.226741-02 
8.552551E-03 

4 
2-3 C = -8.27456E-06 

1.443000D 02 1.125999E 00 1.01007E 00 2.4q9294E-02 . 4 
1.524000D 02 1.113000E 00 1.132140E 00 -1.914024E-02 3 
1.8060000 02 1.231999E 00 1.232062E 00 -6.294250E-05 4 

Statistical Terms 

s EERsid-]l) 2 1d.f. 

s 1.188811E-02 

d.f. = 9 

t = 2.26 

a= 0.05 

- Temperature k 
95%Confidence Limits 

on Individuals 
95%Confidence Limits 

on the Mean 
- - (OK) (W/cr-%) Lower Upper Lower Upper 

8o. 8.15336E-01 7.38663E-03 7.837052-01 8.46967E-01 7.986421-01 8.32030E-01 
90. 

100. 
110. 
120. 

8.64257E-01 
9.11523E-01 
9.57134E-01 
1.00109E 00 

4.72096E-03 
3.982102-03 
4.632822-03 
5.428412-03 

8.35349E-01 
8.83189E-01 
9.28299E-01 
9.71555E-01 

8.931652-01 
9.39857E-01 
9.85968-01 
1.03063E 00 

8.53587E-01 
9.02523E-01 
9.46665E-01 
9.88822E-01 

.8.74926E01 
9.20522E-01 
9.67602-01 
1.01336E 00 

130. 
140. 
150. 
160. 
170. 

, . 
1.04339E 00 
1.08404E 00 
1.12303E 00 
1.16036E 00 
1.19605E 00 

5.871342-03 
5.93727E-03 
5.897502-03 
6.34350E-03 
7.93763E-03 

1.01343E 00 
1.05400E 00 
1.09304E 00 
1.12991E 00 
1.16374E 00 

1.07336E 00 
1.11407E 00 
1.153022 00 
1.19082E 00 
1.228352 00 

1.03012E 00 
1.07062E 00 
1.10970E 00 
1.14603E,00 
1.178116 00 

1.056662 00 
1.09746E 00 
1.136362 00 
1.17470E 00 
1.213982 00 

180. 1.23007E 00 1.08928E-02 1.19363E 00 1.26651E 00 1.20545E 00 1.25469E 00 
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Table F-3 

THERMAL CONDUCTIVITY OF ALUMINUM: POSTIRRADIATION-ANNEAL RUNS I THRU 4 

Input Data Calculated Data Run Least Squares 

No. Fit Coefficients 
Temperature, 

(oK) 
Thermal Cond 

(W/cm- 0 K) 
Thermal Cond 
(W/cm-°K) 

Residuals 
(input-cale) 

k = CI + C2T + C3 T
2 

8.128000D 01 8.751000-01 8.684704E-01 6.629586E-03 1 
8.578000D 01 8.925000E-01 8.921791E-01 3.208518E-04 2 C 3.29146E-Ol 
8.942000D 01 9.141999E-01 9.108852E-01 3.314793E-03 1 
9.5009990 01 9.327000E-01 9.387897E-01 -6.089687E-03 3 
9.723000D 01 
1.009000D 02 

9.513000E-01 
9.608999E-01 

9.495958E-01 
9.671147E-01 

1.704156E-03 
-6.2147972-03 

1 
4 

C2 = 7.93040E-03 

1.024G00D 02 9.700000E-01 9.741513E-01 -4.151285E-03 2 
1.1780000 02 
1.276000D 02 

1.030999E 00 
1.091000E 00 

1.042250E 00 
1.081651E 00 

-1.125050E-02 
9.348869E-03 

2 
3 

C3 ' -1.59327E-05 

1.4250000 02 
1.567000D 02 

1.153999E 00 
1.169000E 00 

1.135693E 00 
1.180612E 00 

1.830673E-02 
-1.161194E-02 

4, 
3 

1.7950000 02 1.238999E 00 1.239295E 00 -2.956390E-04 4 

Statistical Terms 

4F(aeslduals)/d.f. 

sa 9.631675E-03 

d.f. =9 

t, - 2.26 

a- 0.05 

Temperature k S- 95%Confidence Limits 
on Individuals 

95% Confidence Limits 
on theMean 

(ok) Lower Upper Lower Upper 

80. 8.61609E-01 6.06699E-03 8.35883E-01 8.87335E-01 8.47897E-01 8.75320E-01 
90. 

100. 
9.13827E-01 
9.62858E-01 

3.84895E-03 
3.25267E-03 

8.90385E-01 
9.39883E-01 

9.37268E-01 
9.85834E-01 

9.05128E-01 
9.55507E-01 

9.225252-01 
9.70209E-01 

110. 1.00870E 00 3.80862E-03. 9.85296E-01 1.03211E 00 1.00010E 00 1.01731E 00 
120. 1.05136E 00 4.46390E-03 1.02737E 00 1.07535E 00 1.04127E 00 1.06145E 00 
130. 1.09083E 00 4.80696E-03 1.06651E 00 1.115162 00 1.07991E 00 1.10170E 00 
140. 1.12712E 00 4.82100E-03 1.10278E 00 1.15146E 00 1.11622E 00 1.13801E 00 
150. 1.16022E 00 4.73908E-03 1.13596E 00 1.18448E 00 1.14951E '00 1.17093E 00 
160. 1.19013E 00 5.08076E-03 1.16552E 00 1.21474E 00 1.17865E 00 1.20161E 00 
170. 1.21686E 00 6.42617E-03 1.19069E 00 1.243026 00 1.20233E 00 1.23138E 00 
180. 1.240406 00 8.93353E-03 1.21071E 00 .1.27009F 00 1.22021F 00 1.260599 00 
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Table F-4 -

THER14AL CONDUCTIVITY OF ALUMINUM: CHANGE FROM FREIRRADIATION TO POSTIRRADIATION 

Input Data Calculated Data Run Least Squares 
I No. Fit Coefficients 

Temperature 
(oK) 

Thermal Cond 
(W/cm-K) 

Thermal Cond 
(W/cm

0 
K) 

Residuals 
(input-al) 

I Ak 1 +C+C 2T + C3T 
A.100000D 01 -4.22400CF-0? -4.907770F-0? 7.737700E-03 1 
8.5000000 n1 
8.9000000 01 

-4.666003O-02 
-4o050n00-0? 

-4. 789902E-02 
-4.58426-E-02 

1.23Qnt7E-13 
5.792602E-03 

2 
I 

C1 -9.68822E-02 

q.50CO000 01 
9.700000n 01 
1.0200000 02 

-4.7870OOE-02 
-3. 7200COF-02 
-4.73400CF-02 

-4.280014E-02 
-4.179713F-02 
-1.93140E-02 

-5.0608596-03 
4.597135F-03 
-8.025918E-03 

3 
1 
2 

C2 =+6.35669E-04 

1.020000 ) 02 
S.1700000 0? 
1.220000n 0Q 

-4.P47000F-02 
-4.638000E-02 
-3.210000E-02 

-3.91408E-02 
-3.107.56E-02 
-2.073126C-02 

-9.155018E-03 
-1.4305446E-02 
-2.368741E-03 

4
2 
5 

C3 = -6.98786E-07 

1.2600000 0? -4.651000F-02 -2.788178F-02 -1.862522E-O 3 
1.3300000 0? -1.570000F-02 -2.46089EO-02 8.008994F-C3 6 
1.350000P 02 -l.210000-C? -2.3PO2?1E-n? 1.170221F-02 7 
1.3-00000 02 -3.78000CE-03 -2.202540E-02 1.824540F-02 8 
1.4100000 02 
1.4600000 02 

-3.207000E-02 
1.400000F-03 

-2.027095F-02 
-1.806974F-02 

-1.179905E-02 
2.036979E-02 

4 
q Statistical Terms 

1.530000n 02 
1.50000 0? 
1.800000 02 
1.000OD 02 

-3.'5o OOGE-02 
1.0200006-02 
4.500000E-0; 
-1.41000C-02 

-1.50'67F-02 
-1.556152E-02 
-5.102352-0' 
-1.331206F-0? 

-2.260733E-02 
2.576152E-02 
S.106981F-03 

-1.276979E-0? 

3 
10 

4 
5 

s. = .j(Residuals)2/d.f. 

2.17000n 02 
'.2200000 ? 
2.3100001 02 

1.580000E-03 
6.37009E-C1 
1.2200bO-02 

A.152OE-03 
9. 797413E-0;
1.2664RE-0? 

-6.572902E-03 
-3.417414r-03 
-4.6-'834F-04 

6 
7 
a e 1.60217E-02 

2.4nOOOOD 02 2.120000E-02 1.P0702E-02 3.125977r-03 9 
?.400100n 02 1.930000-02 1.507402F-02 1.275078E-03 
2.A00000 02 1.47000CE-02 2.276249E-02 -P.0624936-01 10 d.f. = 27 
2.Pe00001D 02 2.9500006-0? 2.8230436-02 1.260568E-03 6 
2.050O00n 02 
3.000OD 02 
3.390000P 02 

'.700006-0? 
3.5000CE-n2 
4.70000CE-02 

2.982q35-02
3.281581F-02 
3.764569E-0? 

4.971648F-01 
2.181187F-03 
.154305E-03 

7 
8 
0 

t - 2.05 

3,6100000 n? 3.'20000-02 4.152788F-02 -8.3?787C-03 10 

a = 0.05 

95% Confidence Limits 95% Confidence Limits

Temperature . Ak 	 on Individuals . on the MeanCOK) (W/cm-"K) Sk Lower Upper Lower Upper 

80. -. 000qF-C' 4.68155E-03 -7.61486E-02 -'.4353IF-02 -6.00980E-02 -4.09037E-02 
9A. -1.53321E-02 3.954qif-0l -7.046036-02 -2.0203F-02 -5.34395E-02 -3.72247E-02
100. -4.0303'2-02 3.36110r-03 -650 7 -02 -1.55406-02 -4.71940E-02 -3.34123-02


110. -3.54139-C' 2.9214F-03 -5.9940E-02 -1.088792-02 -4.14028-02 -2.94250-0212C. -. n644-02 2.65003E-03 -5.50614-02 -6.26747E-03- -3.60970E-02 -2.523196.02 
11n. -2.60547-02 2.5435'F-0 -5.040406-02 -1.70541-03 -3.1268E-02 -2.08405E-02140. -2.18P476-02 Z.57171-03 -4.59464E-D? 2.77705-03 -2.68568E-02 -1.63126E-02 
150. -1.72545E-02 2.68827-03 -4.166oIE-01 7.1600- 03 -2.27655E-02 -1.17436E-02 
160. -1.30640F-C2 .84705E-03 -3.75546E-02 1.14269i-02 -1.89023E-02 
 -7.22574E-03
 
170. -,0|376-03 3.01674F-01 -3.358876-0? 1.55610-02 -1.51977E-02 -2.82907E-03
80. 
 -5.10241-03 3.17230-03 -?.97500F-0? 1.05551t-0? -1.16056E-02 1.40079-03
1q0. -1.33126E-03 3.3011AF-03 -2.b0597F-32 2.31972F-02 -8.09868F-03 5.43616E-03
?0C. 2.30010F'03 3.962,r-0
3 -Z.24? F-02 2.708276-02 -4.66212F-03 9.26250E-03
 
210. '.7918eE-03 3.4949-F-03 -1.90247F-02 3.060919-n? -1.29072E-03 1.28745E-02
22C. Q.14376-03 3.47P32F-03 -1.56865F-32 3.3074IF-O0 ?.01322F-03 1.62743E-02230. 1.2355o6-02 3.4709q-0 -1.2470F-02 3.7181Qo-023 	 5.Z4041E-03 1.94715E-02
240. 1.542832-0? .44136-03 -9.80366-03 4.02370F-02 8.37353E-03 2.24831-02
250. 1.3610E-0? 3.40220F-03 -6.4248E-33 4.31469-02 1.138656-02 2.53355E-02

260. 2.11530-02 3.37146E-3 -3.614416-03 4.59222-0? 1.42424-02 2.80654E-02
 
270. 2.38070E-C? 3.37218F-03 -9.618486-04 4.85758E-02 1.68036E-02 3.07204-02280. ?.63204F-C 3.43236E-03 1.51'95E-33 5.1123-E-02 1.92840E-02 
 3.33567-02

290. ?.6930E-02 3.57910-0; 3.80351F-03 5.38442-02 2.13568E-02 3.60311E-02
300. 	 3.0'27E-02 3.935382-03 5.877516-03 5.507826-02. 2.30653F-02 3.87904E-02 
1I. .302196-02 4.21448'-03 7.7166I2-03 5.832726-02 2.43814-02 4.166246-02

320. '.4-763E-C? 4.7212IF-03 -.?,R04r-03 6.065466.02 2.52978E-02 4.46548E-02330. 3.679092-0? 5.35080F-03 1.05089r-0? 6.2982oF02 2.582186-02 4.776002-02 
k40. 1.84657E-02 6.09659F-n3 1.15975F-02 6.51338F-01 2.5O677E-02 5.09637E-02550. 4.00C08E-0. 6.95071F-03 1.22748F-32 6.77268F-02 2.57518E-02 5.424982-0?
'60. 4.1?61E-02 7.9960RF-03 1.26145F-32 7.01777-02 2.51886E-02 5.760352-02 
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Table F-5 

THERMAL CONDUCTIVITY OF ALUMINUM: PREIRRADIATION RUNS 1 THERU10 

Input Data Calculated Data Run Least Squares 

No. Fit Coefficients 
Temperature Thermal Cond Thermal Cond Residuals 

(OK) (W/cm-°K) (W/cm-K) (input-calc) 

Ik= Cl + C2T + C3 T
2 

8.1179990 01 8.6780002-01 8.667538E-01 1.0461812-03 I 
8.5569990 01 
8.9409990 01 

8.9270002-01 
9.020000E-01 

8.891782E-01 
9.085651E-01 

3.5218002-03 
-6.565154E-03 

2 
1 

C = 4.01953E-01 

9.4969990 01 9.328000E-01 9.362584E-01 -3.4584402-03 3 
9.7359990 01 9.3390002-01 9.480256E-01 -1.412559E-02 1 C2 

= 6.31139E-03 
1.0090000 02 9.6120002-01 9.6530252-01 -4.1025282-03 4 1 
1.0220000 02 9.6580002-01 9.716027E-01 -5.802691E-03 2 
1.177000D 02 
1.217600D 02 

1.023000E O0 
1.066999E 00 

1.044831E 00 
1.063440E 00 

-2.183151E-02 
3.559113E-03 

2 
5 

C3 
= -7.21633E-06 

1.2750000 02 1.098000E 00 1.089343E 00 8.656502E-03 3 
1.332400D 02 1.132999E 00 1.114770E 00 1.822948E-02 6 
1.356100D 02 1.143999E 00 1.125130E 00 1.886940E-02 7 
1.400700D 02 1.1659992 00 1.1444052 00 2.159405E-02 8 
1.427000D 02 1.151999E 00 1.1556388 00 -3.6382682-03 4 
1.4773000 02 1.209999E 00 1.176843E 00 3.315639E-02 9 Statistical Terms 
1.549100D 02 1.2490002 00 1.206477E 00 4.252243E-02 10 
1.5680000 02 
1.7990000 02 
1.936800D-02 

1L160000E 00 
1.231999E 00 
1.346999E 00 

1.214155E 00 
1.303821E 00 
1.353642E 00 

-5.415535E-02 
-7.182121E-02 
-6.642342E-03 

3 
4 
5 

so 
a 

.IE(Residuals) 2 /d.f. 
2.2039000 02 
2.2578000 02 

1.459000E 00 
1.478999E 00 

1.442408E 00 
1.4590722 00 

1.659203E-02 
1.9927022-02 

6 
7 

2.359300D 02 1.521000E 00 1.4893152 00 3.1684882-02 8 e = 3.680314E-02 
2.5267000 02 1.594000E 00 1.535943E 00 5.805683E-02 9 

'2.5548000 02 1.4870002 00 1.543375E 00 -5.637550E-02 5 
2.686399D 02 1.648999E 00 1.5766582 00 7.234097E-02 10 d.f. = 27 
2.9474000 02 1.575000E 00 1.635275E 00 -6.0275082-02 6 
3.0271000 02 1.5980002 00 1.651215E 00 -5.3215032-02 7 
3.1772000 02 1.641999E 00 1.678745E 00 -3.674603E-02 8 
3.4233980 02 1.7190002 00 1.716862E 00 2.1381382-03 9 ta = 2.05 
3.6585990 02 1.7920002 00 1.7451042 00 4.689598E-02 10 

a= 0.05 

Temperature 
(0 K) -

k 
OK)-r0 

95% Confidence Limits 
on Individuals 

Lower Upper 

95% Confidence Limits 
on the Mean 

Lower Upper 

80. 8.60679E-01 1.48234E-02 7.79343E-01 9.42015E-01 8.30291E-01 8.91067E-01 
90. 9.115252-01 1.25595E-02 8.31806E-01 9.91244-01 8.85778E-01 -9.37272E-01 
100. 9.60927E-01 1.07032E-02 8.82355E-01 1.039502 00 9.38986E-01 9.82869E-01 
110. 1.00889E 00 9.315952-03 9.31060E-01 1.08671E 00 9.89789E-01 1.027981 00 
120. 1.055402 00 8.44562E-03 9.77996E-01 1.13281E 00 1.03809E 00 1.072722 00 
130. 
140. 

1.100482 
1.144112 

00 
00 

8.08578E-03 
8.150532-03 

1.02323E 00 
1.06683E 00 

1.17772E 00 
1.221382 00 

1.08390E 00 
1.12740E 00 

1.11705E 00 
1.16081E 00 

150. 1.186292 00 8.50123-03 1.10886E 00 1.26373E 00 1.16886E 00 1.20372E 00 
160. 1.227042 00 8.999032-03 1.149372 00 1.30470E 00 1.20859 6O0 1.24548E 00 
170. 
180." 

1.26633E 
1.304192 

00 
00 

9.536592-03 
1.00417-02 

1.18840E 00 
1.22599E 00 

1.34427 00 
1.382402 00 

1.24678E 00 
1.28361E 00 

1.28588E 
1.324782 

00 
00 

190. 1.34060E 00 1.047022-02 1.262162 O0 1.41904E 00 1.31914E 00 1.36207E 00 
200. 1.37558E 00 1.079712-02 1.29695E 00 1.45420E 00 1.35344E 00 1.39771 00 
210. 1.409102 00 1.10119E-02 1.33035E 00 1.48785E 00 1.38653E 00 1.43167E 00 
220. 1.441192 00 1.11144E-02 1.36237E 00 1.52000E 00 1.41840E 00 1.46397E 00 
230. 
240. 
250. 

1.471832 00 
1.50102E 00 
1.52878E 00 

1.111512-02 
1.103402-02 
1.090412-02 

1.39301E 00 
1.42226E 00 
1.45009E 00 

1.550642 00 
1.57979E 00 
1.60746E 00 

1.44904E 00 
1.47840E 00 
1.50642E 00 

1.49461E 00 
1.52364E 00 
1.55113E 00 

260. 
270. 
280. 

1.555092 
1.57996E 
1.60338E 

00 
00 
00 

1.07716E-02 
1.06995E-02 
1.07651E-02 

1.476472 00 
1.50138E 00 
1.52477E 00 

1.633702 00 
1.65852E 00 
1.681992 00 

1.53300E 00 
1.55802E 00 
1.58131E 00 

1.57717E 00 
1.60189E 00 
1.625452 00 

290. 1.62536E 00 1.105372-02 1.54658E 00 1.70413E 00 1.60270E 00 1.64802C 00 
300. 
310. 

1.645902 
1.66499E 

00 
00 

1.16444E-02 
1.25951E-02 

1.56676E 00 
1.58525E 00 

1.725035 00 
1.74473E 00 

1.62203E 00 
1.63917 00 

1.66977E 00 
1.690812 00 

320. 
330. 

1.68264E 00 
1.69885E 00 

1.39332E-02 
1.56588E-02 

1.60197E 00 
1.61686E 00 

1.76331E 00 
1.78084E 00 

1.654082 00 
1.66675E 00 

1.71121E 00 
1.730952 00 

340. 1.71361E 00 1.77550E-02 1.62985E 00 1.797382 00 1.67722E 00 1.750012 00 
350. 1.72694E 00 2.01982E-02 1.640872 00 1.813002 00 1.685532 00 1.76834E 00 
360. 1.73881E 00 2.29647E-02 1.64988E 00 1.827742 00 1.69174E 00 1.785892 00 

310
 



Table F-6 

THERMAL CONDUCTIVITY OF ALUMINh: POSTIRRADIATION RUNS I THRU 10 

Input Data Calculated Data Run Least:squares
 

No. Fit, Coefficients 
Temperature Thermal Cond Thermal Cond' Residuals 

(OK) (W/cm-°K) (WIcm-0 K) (input-talc) 
Iv=-.C.+ CT + C3T2 

8.1299990 01 8.260000E-01 8.188343E-01 7.165670E-03 1 
8.5299990 01 8.444000E-01 8.411406E-01 3.259361E-03 2 CI = 313178E-01 
8.9399990 01 8.620999E-01 8.637543E-01 -1.654327E-03 C 
9.4399990 01 8.807999E-01 8.909888E-01 -1.018888E-02 3 
9.6899990 01 8.953000E-01 9.044648E-01 -9.1648102-03 1 = 6.83253E-03C2 

1.0160000 02 9.176000E-01 -9.295443E-01 -1.194429E-02 2 
1.0270000 02 9.216000E-01 9.353659E-01 -1.376593E-02 4 
1.1670000 02 9.744999E-01 1.007865E 00 -3.336501E-02 2 = -7.53874E-06 -C3 

1.2117000 02 1.033999E 00 1.030391E 00 3.608704E-03 5 
1.250000D 02 1.030999E 00 1.049451E 00 -1.845169E-02 3
 
1.3209000 02 1.110999E 00 1.084152E 00 2.684689E-02 6
 
1.342600D 02 1.125000E 00 1.094622E 00 3.037834E-02 7
 
1.383100D 02 1.153999E 00 1.113972E 00 4.002762E-02 8.
 
1.4430000 02 L.1259992 00 1.142137E 00 -1.6137122-02 4
 
1.4606000 02 1.205000E 00 1.150309E 00 5.469131E-02 9 Statistical Terms,
 
1.524000D 02 1.113000E 00 1.179362E 00 -6.636238E-02 -3
 
1.5367000 02 1.257000E 00 1.185110E 00 7.188988E-02 10
 
1.8060000 02 1.231999E 00 1.301247E 00 -6.924725E-02 4 S. !;(R.siduals) 2 /d.f.

1.9070000 02 1.3250002 00 1.

34 
1
9 
8,4E 00 -1.698399E-02 5
 

2.1705000 02 1.4480002 00 1.441023E 00 6.9770818-03 6
 
2.2220000 02 1.474000E 00 1.459151E 00 1.484299E-02 7
 
2.3131000 02 1.518999E 00 1.490255E 00 2.874374E-02 8 e . 4.086613E-02 
2.4898000 02 1.5999992 00 1.547007 00 5.299282E-02 9 
2.4927000 02 1.497000E 00 1.547899E 00 -5.089951E-02 5" 
2.6600000 02 1.676000E 00 1.5972202 00 7.877922E-02 1o d.f. = 27 
2.8816990 02 1.596999F 00 1.656076E 00 -5.907726E-02 6 
2.9587990 02 1.625999E 00 1.6748082 00 -4.3808102-02 7 
3.0941990 02 1.667000E 00 1.705535E 00 -3.8535122-02 8 
3.3572000 02 1.759000E 00 1.757319E 00 1.6803742-03 9 ta = 2.05 



3.6100000 02 1.839999E '00 1.797266E 00 4.273319E-02 10 

='0.05 

95% Confidence Limits 95% Confidence Limits 
.Tenperature -S on Individuals on the Mdan 

(OR) Cm- c Lower Upper Lower Upper 

80. 8.11533E-01 1.64707E-02 7.21209-01 9.01857E-01 7.77768E-01 8.45298E-01
 
90. * 8.670422-01 1.39114E-02 7.78546E-01 9.555392-01 8.38524E-01 8.955612-01 
100. 9.21044E-01 1.18229E-02 8.33833E-01 1.00826E 00 8.96807E-01 9.452812-01
 
110. 9.73538E-01 1.02768E-02 8.87154E-01 1.05992E 00 9.52470E-01 9.94605E-01
 
120. 1.02452E 00 9.32655E-03 9.38593E-01 1.11045E 00 1.005402 '00 1.04364E 00 
130. 1.074002 00 8.95853E-03 9.88237-01 1.15977E 00 1.05564E-00 1.092372 00 
140. . 1.12197E 00 9.06534E-03 1.03616E 00 1.20778E 00 1.10339E 00, 1.14056E 00 
'150. 1.16844E 00 9.48235E-03 1.08243E 00 1.25444E 00 1.14900E 00 1.18787E 00 
160. 1:21339E 00 1.00503E-02 1.12712E 00 1.29966E 00 1.19279E 00 1.23399E 00 
170. 1.25684E 00 1.06492E-02 1.17027E 00 1.343412 00 1.23501E 00 1.27867E 00 
180. 1.29878 00 1.120052-02 1.21191E 00 1.38564E 00 1.275822 00 1.32174E 00 
190. 1.339212 00 1.16570E-02 1.25209E 00 1.42633E 00 1.31531E 00 1.36311E 00 
200; 1.37813E 00 1.19938E-02 1.29082E 00 1.465442 00 1.35355E 00 1.402722 00 
210. 1.415552 00 1.220152-02 1.32812E 00 1.502982 00 1.39054E 00 1.44056E 00 
220. 1.45146E 00 1.22839E-02 1.36398E 00 1.53894E 00 1.42628E 00 1.47664E 00 
'230. 1.48586E 00 1.22570E-02 1.39840E 00 1.57332E 00 1.46073E 00 1.51099E 00 
240. 1.518752 00 1.214992-02 1.43135E 00 1.606152 00 1.493852 00 1.54366E 00 
250. 1.550142 00 1.20073E-02 1.46282E 00 1.63746E 00 1.52552E 00 1.57475E 00 
260. 1.58002E 00 1.18919E-02 1.49277E 00 1.66727E 00 1.55564E 00 1.60439E 00 
270. 1.608392 00 1.18854E-02 1.52114E 00 1.69563E 00 1.584022 00 1.63275E 00 
280. 1.63525E 00 - 1.20840E-02 1.54789E 00 1.72261E 00 1.61048E 00. 1.66002E0 
290. 1.66060E 00 1.25861E-02 1.57294e 00 1.74826E 00 1.63480E 00 1.68640E 00 
300. " 1.684452 0 1.347322-02 1.596242 00 1.772662 00 1.65683E 00 1.71207E 00 
310. 1.70679E 00 1.47946E-02 1.617692 00 1.79589E 00 1.67646E 00 1.73712E 00 
320. 1.72762E 00 1.65641E-02 , 1.63723E 00 1.81802E00 1.69366E 00 1.76158E 00 
330. 1.74694E 00 1.87694E-02 1.65475E 00 1.839132 00 1.70847E 00 1.78542E 00 
340. 1.76476E 00 2.13854E-02 1.670212 00 1.85931E O 1.72092E 00 1.80860E 00 
350. 1.78107 00 2.43845E-02 1.68351E 00 1.878622 00 1.73108E 00 1.83106E 00
 
360. 1.795872 00 2.71410E-02 1.69461E 00 1.89712E O0 1.13900E 00 1.85274E 00
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Table F-7 

THERMAL CONDUCTIVITY OF ALUMINUM: POSTIRRADIATION-ANNEAL RUNS I THRU 10 

Input Data Calculated Data Run Least Squares
 

No. Fit Coefficients
 
Temperature Thermal Cond Thermal Cond Residuals
 

(oK) 0 0
(W/cm- K) (W/cm- K) (input-cale)
 

k =C 1 + C2 T + C3 T
2
 

8.1280000 01 8.7510002-01 8.717831E-01 3.316820E-03 1

8.5780000 01 8.925000E-01 8.946682E-01 -2.168238E-03 2 = 4.09100E-01
C1

8.942000D 01 9.141999E-01 9.129700E-01 1.22%942E-03 
 1
9.5009990 01 
 9.3270002-01 9.407111E-01 -8.011162E-03 3
 
9.7230000 01 9 513000-01 9.516058E-01 -3.058314E--04 .1 = 6.26752E-03
C2
1.0090000 02 9.608999E-01 9.694629E-01 -8.562982E-03 4
 
1.0240000 02 9.700000E-01 9.767067E-01 -6.706774E-03 -2
 
1.1780000 02 1.030999E 00 1.049233E 00 -1.8234252-02 2 - -7.07503E-06
C31.2192000 02 1.068000E 00 
 1.068068E 00 -6.771088E-05 5
 
1.2760000 02 1.091000E 00 1.093640E 00 -2.640724E-03 3
 
1.331900D 02 1.132000E 00 
 1.118361E 00 1.363850E-02 6
 
1.3577000 02 1.148000E 00 1.129622E 00 1.8377302-02 7
 
1.4040000 02 1.172999E 00 1.149594E 00 2.3405082-02 8
 
1.4250000 02 1.153999E 00 1.158553E 00 
-4.553795E-03 stil4
 
1.4757000 02 1.212000E 00 1.179924E 00 3.207588E-02 9 Stattical Terms"
 
1.5485000 02 1.250999E 00 1.209975E 00 
 4.102421E-02 10
 
1.5670000 02 1.1690002 00 1.2174932 00 -4.849339E-02 3

.1.795000D 02 1.238999E 00 .1.306159E 00 -6.715965E-02 4 e 4Z(Residuals) 2 /d.f.1'.936400D 02 1.349999E 00 1.357453E 00 -7.453918E-03 5 
2.199600002 1:4590002 00 1.445395E 00 1.360416E-02 6
2.2566000 02 1.483999E 00 1.463149E 00 2.085018E-02 7. = 3.545276E-02
 
2.3592009 02 1.526999E 00 1.493949E 0 3.305054E-02 8 e
2.5191000 02 1.596000E 00 1.538979E 00 5.7021142-02 9
 
2.5517000 02 1.492999E 00 1.547714 00 -5.471516E-02 5
 
2.6820000 02 1.653000E 00 1.581132E 00 7.186794E-02 . 10 d.f. - 27
 
2.9385990 02 1.5790002 
00 1.639917E 00 -6.091785E-02 6
 
3.0222000 02 1.605000E 00 1.657057E 00 -5.205727E-02 7
 
3.1738990 02 1.650999E 00 1.685635E 00 -3.463554E-02 8 - 2.05

3.4096000 02 1.726999E 00 1.723574E 00 3.425598E-03. 9

3.6500000 02 1.797999E 00 1.754173E 00 4.382610E-02 10
 

a- 0.05 

95% Confidence Limits 95% Confidence LimitsTemperature k 
 on Individuals on the Mean 
cm-0 K) LK)Lower Upper Lower Upper 

80. 8.65221E-01 1.43159E-02 7.86842E-01 9.436012-01 8.35874E-01 8.94569E-01
 
90. 9.15869E-01 1.21222E-02 8.390602-01 9.926782-01 8.910182-01 9.40719E-01


100. 9.65101E-01 1.03236E-02 8.89405E-01 1.04080E 00 9.439382-01 9.862652-01

110. - 1.01292E 00 8.97991E-03 9.37945E-01 1.08789E 00 9.94510E-01 1.031332 00 
120. 1.05932E 00 8.137692-03 9.84752E-01 1.133892 00 1.04264E 00 
 1.076002 00130i 1.10431E 00 7.79070E-03- 1.02990E 00 1.178722 00 
 1.08834E 00' 1.120282 00
140. 1.147882 00 7.855112-03 1.07344E 00 1.22232E 00 1.131782 00 1.16398E 00
150. 1.19004E 00 8.195142-03 1.11544E 00 1.26463E 00 00
1.17324 1.206842 00

160. 1.23078E 00 8.677672-03 1.155962 00 1.30560E 00 1.21299E 00 
 1.24857E 00

"170, 1.27011F 00 9.19676E-03 1.195022 00 1.34519E 00 1.25125E 00 1.28896E 00
180. 1.308022 00 9.683362-03 1.232685 00 1.38336E 00 1.28817 00 1.32787 00

190. 1.34452E 00 1.00947E-02 1.268952 00 1.42008E 00 1.323822 00 
 1.365212 00
 
200. 1.379602 00 1.04072E-02 1.30385E 00 1.455352 00 1.35827E 00* 1.400942 00
210. -- 1.41327E 00 1.06105E-02 1.33741E 00 1.39152E 00
1.48913E 00 1.43502E 00

220. "1.445522 00 1.07051E-02 1.369602 00 1.52144E 00 1.423582 00 
 1.46747.00
 
230. 1.47636E 00 1.07014E-02 1.40044E 00 1.55227E'00 1.45442E 00 1.49830E 00
240. 1.50578E 00 1.061962-02 1.42991E 00 '1.58165E 00 1.48401E 00 1.52755E 00

250. 1.533792 00 1.049212-02 1.45800E 00 1.60958E 00 1.512282 00 1.55530E 00

260. 1.560382 00 1.036512-02 1.484662 00 1.636102' 00 1.539132 00 1.58163E 00270. 1.58556E 00 1.030072-02 1.509882 00 1.661242 00 1.56444E 00 
 1.60668E O0
280. 1.60932E 00 1.037502-02- 1.53360E 00 1.68505E 00 1.58805E 00 
 1.63059E 00

290. 1.63167E 00 1.06712E02 1.55577E 00 1.70757E 00- 1.60979E 00 1.65354E 00
300. 1.65260E 00 1.12657E-02 1.57634E 90 1.728862 00 1.62951E 00 1.675702 00

310. 1.672122 00 1.22127-02 1.59525E 00 1.714899E 00 1.64708E 00 1.697152 
00

320. 1.690222 00 1.35369E-02 1.61243E 00 1.76802E 00 1.66247E 00 1.717972 00
 
330. 1.706912 00 1.52365E-02 1.62780E 00 1.786012 00 1.67567E 00 1.738142 00
340.' 1.72218E 00 1.72941E-02 1.64132E 00 1.803052 00 1.68673E 00 
 1.75763E 00

350. 1.736042 00 1.96865E-02 1.652912 00 1.81917E 00 1.69568E 00 1.77640E 00

360. 1.74648E 00 2.239072-02 1.66252E 00 1.834442 00 1.70258E 00 1.794382 
00
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Table F-8 

THEBRAIL CONDUCTIVITY OF NBS BERYLLIUM: PREIRRADIATION RUNS 1 THRU 4 

Input Data Calculated Data Least Squares 

NO. Fit Coefficients 
Temperature Thermal Cond Thermal'Cond Residuals 

(P) (W/cm- OK) (W/icm-K) (input-ca) 

7.8969990 01 2.134002 00 2.149356E 00 -1.535606E-02 1'
 
8.296999D 01 2.20100E 00 2.208212E 00 -1.212120E-03 1 c = 8.3689E-02
 
8.3920000 01 2.216000E 00 
 2.221541E 00 -5.5418012-03 2
 
8.6840000 01 2.287999E 00 2.260951E 00 2.704811E-02 1
 
9.017000D 01 2.304000E 00 2.303022E 00 9.775162E-04 3 C - 3.70627E-02
 
9.7189990 01 2.34199qE 00 2.381686E 00 -3.968716E-02 42

9.879999D 01 2.408000E 00 2.3978086 00 1.019192E-02 2
 
1.126000D 02 2.568999E 00 2.506661E 00 6.233788E-02 . 2 = -1.38007E-04
C3
1.1770000 02 2.521999E 00 2.533588E 00 -1.158905E-02 3 
1.3910000 02 2.540000E 00 2.568307F 00 -2.830696E-02 4 
1.438000D 02 2.551999E 00 2.559003E 00 -7.003784E-03 3 
1.8180000 02 2.268000E 00 8.152962E-03 40 2.259847E 00 

Statistical Terms
 

s. - 4C(Residuals) 2 /d.f. 

2.909106E-02
s 


d.f.-9
 

t, = 2.26 

a= 0.05 

95% Confidence Limits 95%Confidence it 
Temperature k - on Individuals - on the Mean(OK) (W/-K) Ler' Upper e[ Upper 

80. 2.16493E 00 1.46547E-02 Z.09132E 00 2.23855E 00 2.131812 00 2.1980SE 00.90. 2.30095E.00 1.00827E-02 2.23137E 00 2.37053E 00 2.27816E 88- 2.32373E 00 
100. 2.40936E 00 9.90660E-03 2.33991E 00 2.47881E 00 . 2.38697E 00 2.43175E 00,110., 2.49017E 00 1.18872E-02 2.41915E 00 2.56119E 00 2.46331E 00 2.51704r'00 
120. 2.54338E 00 1.37280E-02 2.47068E 00 2.616082 00 2.51236E 00 2.57441E 00
130. 2.56899E 00 1.47354E-02 2.49529E O0 2.64269E 00 2.53569E 00 2.60229E 00
140. 2.56700E 00 1.50014E-02 2.49302E 00 
 2.64097E 00 2.53309E 00 2.60090E 00
150. 2.53740E 00 1.51697E-02 , 2.46325E 00 2.6t155E 00 2.503125 00 2.571686 00 
160. 2.48021E 00 1.64475E-02 2.40468E2.00 2.55573E 00 2.44304E 00 2.51738E 00
170. 2.39541E 00 2.01141E-02 2.31548E 00 2.47534E 00 2.34995E 00 2.44087E 00
180. 2.28301E 00 2.66616E-02 2.19383E 00 2.37219E 00 2.22275E 00 2.34326E 00
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Table F-9 

THERMAL CONDUCTIVITY OF NBS BERYLLIUM: POSTIRRADIATION RUNS 1 TEU 4 

Input Data Calculated Data Run Least Squares
 

No. Fit Coefficients -
Temperature 

(FK) 
Thermal Cond 

(W/cm- 0 R) 
Thermal Cond 

(W/cm-OK) 
Residuals 

(input-calc)
Sk = C1+ 2T+ C3T2 

7.8950000 o 1.146999E 00 1.169048E 00 -2.204895E-02 1 
84939990 01 1.223000E 00 1.216626E 00 1.237392E-02 I C =+8.01070E-03 
8.3590000 01 1.205000E 00 1.217243E 00 -1.224327-02 2 
8.668999D 01 1.299999E 00 1.2482022 00 5.179691E-02 1 
9.023000D 01 
9.787000D 01. 

1.263000E 00 
1.358999E 00 

1.282341E 00 
1.351605E 00 

-1.934147E-02 
7.393837E-03 

3 
2 

C2 - +1.87855E-02 

9.856000D 01 1.311999f 00 1.357565E 00 -4.556561E-02 4 -

1.107000D 02 1.5070COE 00 1.454352E 00 5.264759E-02 2 C3 ' -5.'16720E-05 
1.176000D 02 1.490000E 00 1.502574E 00 -1.257420E02 3 
1.417000D 02 1.650000E 00 1.6324012 00 1.759911E-02 3 
1.420000D 02 1.599000E 00 1.633637E 00 -3.4637452-02 4 
1,814000D 02 1.719999E 00 1.715384E 00 4.614830E-03 4 

Statistical Terms 

S 4(Residuals) 2 /d.f. 

$e = 3.405505E-02 

d.f. = 9 

-2.26 

a 0.05 

Temperature 
_ ) 

-

(w/=-K) 
-

Sk 
k 

. 95% Confidence Limits 
. on 'Individuals

Lower J Upper 

95% Confidence Limits 
on the Mean

Lower Upper 

80. 
90. 

.100. 

1.180152 00 
1.28016E 00
1.36984E 00 

AI.712442-02 
1.17712E-02 
1.16498E-02 

1.09400E 00 
1.19873E 00
1.28850E 00 

1.26630E 00 
1.36159E 00 
1.45118E 00 

1.14145E 00 
1.25356E 00 
1.34351E 00 

1.21885E 00 
1.30676E 00
1.39617E 00 

.1110. 1.44918E 00 1.40291E-02 1.36594E 00 1.53242E 00 1.41748E 00 1.48089E 00 
120. 1.518192 00 1.61971E-02 1.43297E'00 1.60342E 00 1.48159E 00 1.55480E 00 
130. 1.576872 00 1.73545E-02 1.49049E 00 1.66325E 00 1.53765E 00 1.61609E 00 
140. 1,62521E 90 1.76246E-02 1.53855E 00 1.71187E 00 1.58538E 00 1.66504E 00 
150. 1.66322E 00 1.77869E-02 1.57639E 00 1.75005E 00 1.62302E 00 1.70341E 00 
160. . 1.69089E 00 1.92994E-02 - 1.60242E 00 1.77935E00 1.64727E 00 1.73450E 00 
170. 1.70823E' 00 2.36945E-02 _ 1.61446E 00 1.80199E 00 1.65468E 00 1.76177E 00 
180. 1.71523E 00. 3.15294E-02 1.61034E 00 1.82011E 00 1.64397E 00 1.78648E 00 
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Table F-10 

THERMAL CONDUCTIVITY OF NBS BERYLLIIM: POSTIRRADIATION-ANNEAL RUNS I THRU 4 

Input Data Calculated Data Rn Least Squares 

No. Fit Coefficients
 
Temperature Thermal Cond Thermal Cond Residuals 

"(oK) (W/cm-OK) (W/cm-°K) (input-calc) 

k - c + C2T+ C3 T2 

7.9109990 01 2.0949998 00 2.143853E 00 -4.885387E-02 1 
8.3140000 01 2.205999E 00 2.207452E 00 -1.452446E-03 1 CI - -7.850801-02 
8.4280000 01 2.224999E 00 2.224571E 00 4.,281998E-04 2 
8.695000D 01 2.3270002 00 2.263156E 00 6.384373E-02 I 
9.0649990 01 
9.7509990 01 

2.3080002 
2.370000E 

00 
00 

2.313139E 00 
2.395080E 00 

-5.139351E-03 
-2.507973E-02 

3
4C 

C 
2 =3.98060E-02 

9.8969990 01 2.421000E 00 2.410721r 00 1.027870E02 2 
1.126000D ,02 2.577000E 00 2.526282E 00 5.071735E-02 2 C3 ,1.48071E-04 
1.1780000 02 2.539000E 00 2.555872E 00 -1.687241E-02 3 
1.3800000 02 2.5580008 00 2.594844E 00 -3.684425E-02 4 
1.4360000 02 2.582999E 00 2.584254E 00 -1.255035E-03 3 
1.7920000 02 2.309999E 00 2.299757E 00 1.0242462-02 4, 

Statistical Terms
 

s - gf-lRsiduals) 2 /d.f.e 

= 3.581893E-02 

d.f. = 9 

ta - 2.26 

= 0.05 

95%Confidence Limits -95%Confidence Limits
Temperature k on Individuals on the Mean 

(0 K) (W/m-K) Lower Upper Lower Upperj 

80. 2.15831E 00 1.83523E-02 Z.06736E 00 2.249ZTE 00 2.11684E.00 2.1997,9E 00 
90. 2.30465E 00 1.24775E-02 2.21893E 00 2.39037E 00 2.27645E 00 2.33285E 00 
100. 2.42138E 00 1.22550E-02 2.33582E 00 2.50693E 00 2.39368E 00 2.44907E 00
 
110. 2.50849E 00 1.47358E-02 2.42095E 00 2.59602E 00 2.47518E 00 2.54179E 00
 
120. 2.56598E 00 1.69611E-02 2.47641E 00 2.65555E 00 2.52765E 00 2.60431E 00
 
130. 2.59386E 00 1.80915E-02 2.50317E 00 2.68455E 00 2.55297E 00 2.63475E 00 
140. 2.59213E 00 1.83219E-02 2.50120E 00 2.68305E 00 2.55072E 00 2.63354E 00
 
150. Z.560782 00 1.86250E-02 2.46954E 00 2.65202E 00 2.51869E.00 2.602871 00
 
160. 2.49982E 00 2.07179E-02 2.406302 00 2.59334E 00 2.45300E 00 2.54664E 00
 
170. 2.40924E 00 2.61779E-02 2.30898E 00 2.50951E 00 2.35008E 00 2.46840E 00
 
180. 2.28905E 00' 3.53839E-02 2.175268 00 2.40284E-00 2.209088 00 2.36902E 00 
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Table F-I
 

THERMAL CONDUCTIVITY OF NBS BERYLLIUM: CHANGE FROM PREIRRADIATION To POSTIRRADIATION
 

Input Data Caloulated Data Run Least Squares 

No. Fit Coefficients 
Temperature 

S(OK) 
Thermal Cond 

(W/cn-OK) 
Thermal Cond 

(W/cm- 0 K) 

Residuals 

(input'cale) . Ak = =C 1 + C2 T + C3 T
2 

7.9000000 01 -9.44000E-01 -9.900245-01 5.6245332-03 I 
8.3000000 01 
.8.3000000 01 

-9.832000F-01 
-9.97200F-01 

-9.9q8803F-01 
-9.988203E-01 

1.562035-2 
1.620352F-03 

I 
2 

C I 

8.6000000 01 -9.8400002-01 -1.00421O 00 2.020955E-02 1 
O0000000 01 -1.03630CE 00 -1.0097842 00 -2.651596E-02 3 C = -1.15173E-02 
9.800000 01 -1.03300CF 00 -1.015411E 00 -1.758862E-02 2 
9.8000000 01 
-1.0300000 02 
1.1100300 02 

-1.0366qg 00 
-9.4210002-01 
-1.044700E 00 

-1.015411F 00 
-1.01519OF 00 
-1.008854E 00 

-2.12872E-02 
7.30qO14E-02 

-3.584576E-02 

4 
5 C3 = +5.7 206E-05 

1.10000D 02 -1.0304qQE 00 -9.972697F-01 -3.322971E202 3 
1.4000000 02 -9.4640008-01 -9.24164TE-01 -2.223533t-0? 4 
1.4200000 02 -9.0q9000E-01 -9.14758]E-01 4.8581Q9E-03 3 
1.570000n 02 -8.298000E-01 -8.295383E-01 -2.616048E-04 5 
1.800QOOD 02 -5.738OC00-01 -6.485946-01 7.479465E-02 4 
?2n700000 02 -3.9740OCE-01 -3.585105E-01 -3.8869q44-02 5 Statistical Terms 

= 4(Rsduals) 2/dL.S 

= 3.819550E-02
se 


d.f. = 12 

ta = 2.18 

a= 0.05 

95% Confidence Limits 95% Confidence Limits -

Tmeau . W/Ak on Individuals I on the Mean 
(w/cm-"K) Lower Upper Lower Upper 

80. -9.923962-Cl 1.772302-02 -1.08419E 30 -Q.00603-01 -1.03103E 00 -9.53760E-01 
9P. -1.00978E00 1.275909-02 -1.09797E 30 -9.219962-01 -1.03760E 00 -9.81970E-01 

100. -1;035672 CC 1.13461F-02 -1.102532 00 -9.28807E-01 -1.040402 00 -9.90934E-01 
t10. -1.01005E 00 1.25977E-02 -1.09773F 00 -9.22371-01 -1.03751E 00 -9.82586E-01 
120. -9.Q2q25E-01 1.45668F-02 -1.08204E 30 -Q.03809E-01 -1.02468E 00 -9.61169E-01 
130. -q.642972-01 1.61679E-02 -1.0547?2 00 -. 738782-01 -9.99543E-01 -9.29051E-01 
140. -9.24165E-01 1.70655F-02 -1.01536E 0 -8.32966E-01 -9.61368E-01 8.86962E-01 
1-50. -P.72529t-0i 1.730035-02 -9.63938F-1 -7.81120F-01 -9.10244E-01 -8.348142-01 
160. -8.09188E-01 1.720232-02 -Q.00709 E-01 -7.18067F-01 -8.46889E-01 -7. 71887E-01 
170. -7.34744E-01 1.74378c-02 -8.26277E-01 -6.41211E-01 -7.72758E-01 -6.967302-01 
180. 26.48595E-01 1.89618-07 -7.41557F-01 -5.55633F-01 -6.89932E-01 -6.072582-01 
100. -5.50942E-01 2.25991E-02 -6.47692F-fI -4.54193F-01 -6.002082-01 -5.01676E-01 
200. -4.417862-Cl 2.8613qF-02 -5.45826E-01 -3.37746E-01 -5.04164E-01 -3. 79408E-01
 
210. -3.11124F-01 3.6843-F-02 -4.36815E-01 -2.05433E-01 -4.01444E-01 -2.40804E-01 
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Table P-12 

THERMAL CONDUCTIVITY OF NBS BERYLLIUM: PREIRRADIATION RUNS 1 THRU 6 

Input Data Calculated Data Run Least Squares
 

• - No. Fit Coefficients 
Temperature - Thermal Cond Thermal Cond Residuals 

0 0( 0 K) (W/cm- K) .(1/cm- K) (iptae)_________________ 
. I k - C 1 + C2 T +-C3T2 

7.896999001 2.134000E 00 2.167062E 00 -3.30619AE-02 1 
8.296999D 01 2.207000E 00 2.213241E 00 -6.240845E-03 I
 
8.392000D 01 2.216000E 00 2.223733E 00 -7.733345E-03 2 C 5. 93896E-01
 
8.684000D 01 2.287999E 00 2.254843E 00 3.315639E-02 I
 
9.0170000 01 2.304000E 00 2.288219E 00 1.578045E-02 3
 
9.7189990 01 2.341999E 00 2.351246E 00 -9.246826E-03 4 2:78938E-02
C2
9.8799990 01 2.408000E 00 2.364297E 00 4.370308E-02 2
 
1.0002000 02 2.308000E 00 2.373839E 00 -6.583977E-02 5
 
1.0297000 02 2.302999E 00 2.395669E 00 -9.266949E-02 6 -1.00959E-04
C3
1.1260000 02 .2.568999E 00 2.454702E 00 1.142969E-01 2 
1.1770000 02 2.521999E 00 2.478381E 00 4.361820E-02 3 
1.3910000 02 2.540000E 00 2.520487E 00 1.951313E-02 4 
1.4380000 02 2.551999E 00 2.517349E 00 3.464985E-02 3 
1.4821000 02 2.483000E 00 2.510349E 00 -2.734947E-02 5 
.1.5775000 02- 2.462000E 00 2.481771E 00 -1.977158E-02 6 Statistical Terms 
1.8180000 02 2.268000E 00 2.328168E 00 -6.016827C-02 4 
1.9882000-02 2.103999E 00 2.148893E 00 -4.489422E-02 5 
2.1713000 02 1.952999E 00 -1.890720E 00 6.227875E-02 6 ' 2s jEResiduals)2/d.f.e 


a w 5.456442E-02 

d.f. - 15 

-2.13 

a = 0.05 

95% Confidence Limits - 95% Confidence Limits
Temperature k S on Individuals on the Mean 

(0 K) (W/era- 0K). I Lower Upper Lower Upper 

80. 2.17926E 00 2.44389E-02 2.05191E 00 2.30661E 00 2.12721E 00 2.23132E 00 
90. 2.28657E 00 1.77955E-02 2.16432E 00 2.40882E 00 2.24866E 00 2.32447E 00 
100. 2.37369E 00 1.50773E-02 2.25311E 00 2.49426E 00 2.34157E 00 2.40580E 00 
110. 2.44061E 00 1.58387E-02 2.31959E 00 2.56163E 00 2.40687E 00 2.47435E 00 
120. 2.48734E 00 1.80448E-02 2.36493S 00 2.60975F 00 2 48918 00 2.525788 00 
130. 2.51388E 00 2.01624E-02 2.38998E 00 2.63778E 00 2.47094E 00 2.55683E 00 
140. 2.52023E 00 2.15678E-02 2.39526E 00 2.64520E 00 2.47429E 00 2.56617E 00 
150. 2.50639E 00 2.21304E-02. 2.38097E,00 2.63181E 00 2.45925E 00 2.55353E 00 
160. 2.47235E O0 2.20258E-02 2.34702E 00 2.59769E 00. 2.42544E 00 2.51927E 00 
170. 2.41813E 00 2.174406-02 2.29302E 00 2.54324E 00 2.37181E 00 2.46444E 00 
180. 2.3437lE 00 2.21558E-02 2.21827E 00 2.46915E 00 2.29652E 00 2.39090E 00 
190. 2.24910E 00 2.437546E-02 2.12181E 00 2.37639E 00 2.19718E 00 2.30102E 00 
200. 2.13430E 00 2.92234E-02 2.00245E 00 2.26614E 00 2.07205E 00 2.19654E 00 
210. 1.99930E 00 3.68570E-02 1.85905E 00, 2.13955E 00 1e92080E 00- 2.07781E 00 
220. 1.84412E 00 4.70333E-02 1.69068E 00 1.99756E 00 1.74393E 00 1.94430E 00 
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Table F-13 

TWERL CONDUCTIVITY OF NES BERYLLIUM: POSTIRRADIATIO RUNS 1 ThRU 5 

Input Data Calculated Data Run Least Squares 

No. Fit Coefficients 

Temperature Thermal Cond Thermal Cond Residuals 
•("K) (W/cm-K) (W/emt°K) (input-talc) 

k C1 +CT + C3T 

7.8950000 01 1.14699SE 00 1.172605E 00 -2.5605202-02 1 
8.2-39990 01 
8.059000D 01 

1.22300CE CO 
1.2050002 00 

1.212365E 00 
1.218698E 00 

1.063442E-02 
-1.369762E-02 

1 
2 

C1 . +7.163447E-02 

V.668099D 01 1.2999952 C0 1.24842E 00 5.16576a2-02 1 
9.0230000 01 1.26300C2 CO 1°28106S2 00 -1.8065456-02 3 C2 -1.773378E-02 
9,7870000 01 1.35R999E 00 1.347589E 00 1.1410712-02 2t 
9.856000) 01 1.3119952 00 -1.353320E 00 -4.2320802-02 4 
1.0350000 02 1.377"99E 00 1.393026E 00 -4.502705E-02 5 C - -4.798752E-05 
1.1070000 02 1.50700CE 00 1.4467002 00 6.029987E-02 2 
1,1760000 02 1.4900CC 00 1.493470E 00 -3.470421E-03 3 
1.417000D 02 1.65000E 00 1.60975F 00 2.0250$E-02 3 
1.4200000 02 1-59900G 00 1.622211E 00 -2.321053E-02 4 
1.577000D 02 1.63900CE 00 1.674836E 00 -3.683662F-02 5 
1.814000D 02 1.719999E 00 1.709466E 00 1.053333E-02 4 
2.07000QD 02 1.690000E 00 1.6863102 00 3.689766E-03 5 Statistical Terms 

4.FlReaidvals) 
2 /d.f. 

s e 3.230766E-02 

d.f. 12 

t, - 2.18 

a 0.05 

Temperature k 
95%. Confidence Limits 

ons-o Individuals 
97CnfdceLimits 

on the Mean 
(OK) - (W/cm-OK) k Lower Upper Lower Upper 

80g 1.18322F 00 1.514032-02 1.10543E 00 1.261002 00 1.15021GO0 1.21622F 00 
90. 1.27897E GO 1.08557-02 1.20467C 30 1.35327E 00 1.75531E 00 1.30264C 00 
!00. 1.36514E 00 9.608882-03 1.29366n0 1.43862E 00 1.34419E 00 1.38602 00 
110, 1.44170E CO 1.06704E-0? 1.36753F 00 1.51587E 00 1.41844r 00 1.46496r 00 
120. 1.50867E 00 1.23609E-02 1.43326E 00 1.58408E 00 1.48172E 00 1.53561E 00 
130. 1.56604F 00 1.37378F-02 1.48950E 30 1.64257E 00 1.53609E 00 1.59548E 00 
140. 1.61?8IE CO 1.4506O8-02 1.53640E 00 1.69101F 00 1.582182 00 1.64543E 00 
150. 1.651982 00 1.46954f-02 1.57W61E 00 1.72936E 00 1.61995E 00 1.68402E 00 
160. 
170. 

1.68056E CO 
1.69q54F 00 

1.45760F-02 
1.47085E-02 

1.60322E 00 
1.62215E 00 

1.75783E 00 
1.77692E 00 

1,64678E 00 
1.66747E 00 

1.712S3E 00 
1.73160E 00 

180. 1.70892E 00 1.59126E-02 1.63041F 00 1.78743E 00 1.67423E 00 1.74361V 00 
190. 1.70870F 00 1.891s6P-02 1.62709E 30 1.79032E 00 1.66746E 00 1.74995E 00 
200. 1.69889 0 2.39676E-02 1.61119C D0 1.7865R2 00 1.64664E 00 1.75114E 00 
210. 1.67948F 00 3.09200-02 1.581992 30 1.77697- 00 1.61207C 00 1.7468SE 00 
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Table F-14 

THERMAL CONDUCTIVITY OF NBS BERYLLIUM: POSTIRRADIATION-ANNEAL RUNS I THRU 5 

Input Data Calculated Data uLeast ,Squares" 

No. Fit Coefficients 
Temperatuie 

(OK) 
Thermal Cond 

(W/cm-oK) 
Thermal Cond 

(W/cm-0 K) 
Residuals 

(input-cale) 

1k=C+d 2T + 3T
2 

7.910999D 01 2.094999E 00 2.172631E 00 -7.763195E--02 . . 
8.3140000 01 2.205999E 00 2.221587E 00 -1.558781E-02 1c = 5.37639E-0l 
8.4280000 01 .2.224999% 00 2.234832e 00 -9.832382E-03 2 ' 1 
8.6950000 01 2.327000E 00 2.264810E 00 6.219006E-02 I 
9.0649990 01 2.308000E 00 2.303936E 00, 4.063606E-03 3 C,2 7' 2.87739E-02 
9.7509990 01 2.370000E 00 2.369057E 00 9.431839E-04 4 2 . -

9.8969990 01 2.421000E 00 2.381672E 00 3.932762E-02 2 
1.0430000 02 
1.1260000 02 

2.339999E 00 
2.577000 CO 

2.424016E 00 
2.478363E 00 

-8.401680E-02 
9.863663E-02 

5 
2 

C3 = -1.02472E-04 

.1.178000002 
1.3800000 02 

2.53§000E 00 
2.558000E 00 

2.505218E 00 
2.556962E 00 

3.378201E-02 
1.0375986-03 

3 
4 

1.4360000. 02 2.582999E 00 2.5565026 00 2.649689E-02 3 
1.5933000 02 2.488999E 00 .2.520829E'00 -3.182983E-02 5 
1.7920000 02 2.309999E 00 2.403281E 00 -9.328175E-02 4 
2.1926000 02 1.966000E 00 1.920280E 00 4.571915E-02 5 Statistical Terms 

= 4(Residuals) 2 /d.f. 

sa 5.932627E-02 

d.f. 12 

ta = 2.18 

a= 0.05 

95%. ConfidenceL it .957.Confidence Limits 
Temperature k SK on Individuals on the Mean
 

(°K) (W/cm-0 K) Lower Upper Lower Upper
 

'80. 2.18373E 00 2.74779E-02 2.041206 00 "2.326262 00 2.12383E a0 2.24363E 00 
'90. 2.29727E 00 2.01165E'02 2.160702 00 2.43383E 00 2.25341E 00 2;34112E 00 

'100: 2.39031E'00 1.73329E02 2.25557E bO 2.52505E 00 -2.35252E 00 2.42809E 00 
110. 0246286E1.85078E-02 r2.327386 00 2.59834E 00 2.422516 00 2,50320E00 00 
120. 2.51491F 00 2.12724E-02 2.37752E 00 '2.65230E 00 2.46854E ,00 2.56129E 00 
130. -2.54647E 00 2.39390E-02 2.40701E 00 2.68593E 00 2.49428E 00 2.59866E 00 
140. 2.55754E 00 2.5894E-02 2.41646E 00 2.69861E 00 2.501186 00 2.61389E 00 
150. 2.54811E 00 2.68394E-02 2.406112 00 2.69010E 00 2.48949E 00 2.60673E 00
 
160. 2.51818E 00 2.72795E-02 2.37584E 00 2.660536 00 2.45872E 00 2.57765E 00
 
170. 2.46777E 00 2.75544E-02 2.325172 00 2.61037E 00 2.40770E 00 2.52783E 00 
180. 2.39685E 00 2.858712-02 2.253296 00 2.54042E 00 2.33453E 00 2.459172 00
 
190. 2.30545E 00 3.143642-02 2.159082 00 2.45181E 00 2.23692E 00 2.37398E 00 
200. 2.19355E 00 3.69303E-02 2.04121E 00 2.34589F 00 2.11304E 00 2.274062 00
 
210. 2.06115E 00 4.53505E-02 1.89836E 00 2.22394E 00 1.96229E 00 2.16002E 00
 
220. 1.908272 00 5.657386-02 1.72956E 00 2.08697E 00 1.784932 00 2.03160E 00
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Table F-15 

THERMAL CONDUCTIVITY OF WANL BERYLLIUM: PREIRRADIATION RUNS 1 THRU 3 

Input Data Calculated Data Run Least Squares 

No. Fit Coefficients 
Temperature Thermal Cond Thermal Cond Residuals 

(OK) (W/cm-OK) (W/cm-°K) (input-cale) 

kI C1 +C 2T + C3T2 
8.035999D 01 2.962000E 00 2.982348E 00 -2.034855E-02 I 
8.4060000 01 3.039000E 00 3.054800E 00 -1.580048E-02 2 C1 = -4.15456E-01 
8.818999D 01 3.157000E 00 3.126938E 00 3.006172E-02 I 
9.1450000 01 3.118999E 00 3.177373E 00 -5.837345E-02 3 
9.557999D 01 3.335999E 00 3.233027E 00 1.029730E-01 1 C2 - 6.39841E-02 
9.973999D 01 3.257000E 00 3.279771E 00 -2.277088E-02 2 
1.1450000 02 3.415000E 00 3.370204E 00 4.479599E-02, 2 
1.2350000 
1.5610000 

02 
02 

3.294000E 00 
3.004999E 00 

3.367599E 00 
2.991920E 00 

-7.359886E-02 
1.307869E-02 

3 
3 

C3 = -2.70057E-04 

Statistical Terms 

Sa mE(Residual ) 2 /df

= 6.283754E-02 

d.f. - 6 

ta - 2.45 

'- 0.05 

Temperature k 
95% Confidence Limits 

on Individuals 
95% Confidence Limits 

on the Mean 
(OK) (W/cm-oK) "Lower Upper Lower Upper 

80. 2.97491E 00 4.11622E-02 2.79086E 00 3.158952 00 2.87466E 00 3.07575k 00 
90. 3.15565E 00 2.45229E-02 2.99039E 00 3.32091E 00 3.09557E 00 3.21573E 00 
100. 3.28238E 00 2.678519-02 3.11503E 00 3.44974E 00 3.21676E 00 3.34800E 00 
110. 3.355102 00 3.41109E-02 3.17993E 00 3.53027E 00 3.27153E 00 3.43867E 00 
120. 3.37381E 00 3.81439E-02 3.19372E 00 3.55391E 00 3.28036E 00 3.46726E 00 
130. 3.33851E 00 3.87522E-02 3.15764E 00 3.51938E 00 3.24357E 00 3.43345E 00 
140. 3.24920E 00 4.01331E-02 3.06652E 00 3.43187E 00 3.15087E 00 3.34752E 00 
150. 3.10587E 00 4.98054E-02 2.90943E 00 3.30232E 00 2.98385E 00 3.22789E 00 
160. 2.90854E 00 7.21689E-02 2.67409E 00 3.14298E 00 2.73172E 00 3.08535E 00 
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Table F416
 

THERMAL CONDUCTIVITY OF WANL'BERYLLIUM: POSTIRRADIATION RUNS 1 THRU 3'
 

Input Data Calculated sta. Ron Least Squares 

No. Fit-Coefficients 
Temperature Thermal Cond Thermal Cond Residuals : -.. 

(OK) (w/om-oK) (-/cm-K) (input-caic) 
k coI + C2T + CaTZ 

8.042000D 01 1.287000E 00 1.306529E 00 -1.952934E-02 I C 
8.423999D 01 1.342999E 00 1.366612E 00 -2.361298E-02 2 
8.815999D 01 1.452000E 00 1.424660E 00 2.733994E-02 L- C -7.63896E,0l. -
9.217000D 01 1.434999E 00 1.480259E O -4.525948E-02 K 3 
.9.5079990 01 
1.003000D 02 

1.608999E 
1.561999E 

00 
00 

1.518212E 00 
1.581247 00 

9.078693E-02 
-1.924801-502 

1 
2A C2-; 3.53076E-02 

-

1.1420000 02 1.768000E 00 1.717497E 00 5.0502785-02 . 2 -

1.252000D 02 1.714999E 00 :1.792752E 00 -7.775307E-02 .3 z C3 '=i.1S9O7E-4 
1.5420000 02 1.87000OE'00 .1.853219E 00 '1.678085E-02 3 3 

Statistical Terms 

4S(Residual.)2td.f. 

se 5.947726E-02 

d.f. - 6 

t, - 2.45 

a- 0.05 

T et) Tepra uek '95%
S. 

Confidence Limits 
on Individuals, 

95% Confidence Limit. 
on the Mean, % 

Lower Upper Lower- Upper 

S-80.. 
*90. 

1;29971E 00 
1.45065E 00 

3.95327E-02 
2.33269E-02 

1.12474E 00 
1.29412E 00 

1Z47468E 00 
1.60717E 00 

'I.20286E 00 
1.39349E 00 

1.396512 00 
1.50780E 00 

100. .1.57780E 00 2.56677E-02 1.41909E 00 1.736512 00 1.51491E 00 1.64069E 00 
110. 1.68117E 00 3.25180E-02 -1.515105,00 1.84725E 00 ' 1.60150E 00 1.76084E 00 
'120. 1.76076E 00 -3.59020E-02 1.59055E.00 1.93097E 00 1.67280E 00 1.84872E 00 
130. 1.81657E 00 .3.60607E-02 1.64616E 00 1.986982 00 1.72822E 00 1.90492E 00 
140. .1.84860E 00 3.793482-02 1.67577E 00 2.02144E 00 1.75566E 00 1.94154E 00 
150.. - 1.85685E .00 4.949772-02 1.66727.00 2Z04643E 00 1.73558E 00 1.91812E 00 
160. . 1.84131E 00 7.40039E-02 1.60870E 00 2.07392E 00 1.66000E 00 2.02262F 00 
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Table F-17 

THERMAL CONDUCTIVITY OF WANL BERYLLIU4: POSTIRRADIATION-ANNEAL RUNS 1 THRU 3 

Input Data Calculated Data Run Least Squares 

No. Fit Coefficients 
Temperature 

(OK) 
Thermal Cond 

(W/cm- _K) 
Thermal Cond 

(W/cm-OK) 
Residuals 

(input-calc) 

k =C 1 + C2T + C3T
2 

8.042000D 01 
8.378000D 01 

2.995999E 00 
3.059999E 00 

3.007199E 00 
3.069655 E 00 

-1.119995E-02 
-9.655952E-03 

I 
2 -2.3367E-01 

8.8t8999D 01 3.160000E 00 3.142753E 00 1.724720E-02 1 
9.1039990 01 3.153000E 00 3.184633E 00 -3.163338E-02 3 
9.557999D 01 3.302999E 00 3.242655E 00 6.034470E-02 1 - 6.1125E-02 
9.878000D 01 3.259999E 00 3.277136E O0 -L.71365E-02 2 C2 
L.130000D 02 3.400000E 00 3.366187E 00 3.381252E-02 2 
1.200000 02 3.318000E 00 3.368411E 00 -5.041122E-02 3 C- -2.59054E-04 
1.533000D 02 3.058000E 00 3.049380E 00 8.619308E-03 3 " 

Statistical Terms 

s "-4Z(R.,uiduak) 21d~f. 

s= 3.918081E-02 

d.f. 6 

t " 2.45 

a- 0.05 

Tepeture 
(oK) 

k 
(W/c -K) k 

957. Confidence Limits 
on Individuals 

Lower Upper 

957 Confidence Limits 
on the Kean . 

Lower Upper 

80: 2.99898E 00 2.58048E-02 2.88404E 00 3. I1392E 00 2.9356E 00 3.06220E 00 
90. 3.16984E 00 1.51782E-02 3.06689E 00 3.27278E 00 3.13265E 00 3.20702E 00 

100. 3.28889E 00 "1.70090E-02 3.18424E 00 3.39353F 00 3.24721E 00 3.33056E 00 
110. 3.35612E 00 2.16447E-02 3.24645E 00 3.46579E 00 3.30309E 00 3.40915E 00 
120. 3.37154E 00 2.39238E-02 3.25907E 00 3.48402E 00 3.31293E 00 3.43016E 00 

.130. 3.33516E 00 2.41646E-02 3.22237E 00 3.44794E 00 3.27595E 00 3.39436E 00 
140. 3.24696E 00 2.57880-E02 3.13204E 00 3.36188E 00 3.18378E 00 3.31014E 00 
150. - 3.10695E 00 3.39959E-02 2.97986E 00 3a23404E 00 3.02366E 00 3.19024E 00 
160. 2.91513E'00 5.07454E-02 2.75806E 00 '3.07220E 00 2.79081E 00 3.03946E 00 
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Table F-18 

THERMAL CONDUCTIVITY OF WANL BERYLLIUM: CHANGE FROM PREIRRADIATION TO POSTIRRADIATION 

Input Data 
•-

Calculated Data Run Last SquZrs
No. -Fit Coefficients 

Temperature Thermal Cond 
_(OK) - (W/cm-°K) 

8.000000D 01 -1.67470CE 00 
6.40oooo 01 -1.69960 E 00 
9.8000000 01 -1.70599F 00 
9.200000D 01 -1.690700E 00 
0.500000D 01 -1.71569S2 00 
9.700000D 01 -1.651909E 00 
1.0000000 02 -1.701699E 00 
1140000D 0 -1.64339q 00 
1.240000D 02 -1.586399E 00 
1.370000D 02 -1.48300CF 00 
1.5400000 02 -1.162499E 00 
1.7500000 02 -8.789999E-01 

Thermal Cond Residuals . t Cefin-" 
(W/cm-IK) (input-calc) -". 

SAkC + C'T+ C T2 
-. 1' 2- 3 

-1.632192E 00 7.492065F-03 1 -
-1.691571E 00 -7.0285806-03 2 C =.-6 .7886E-0 
-1.697064E 00 -8.834839E-03 I -

-1.6986742E 00 7.974625E-03 3 -
-1.697332E 00 :1.8366812 02 1 02 7=-2.122531E-02
-1.695224F 00 4.322433E-02 4 " 
-1.690240E 00 -1.145935E-02 2 3 
-1.638090E 00 -5.3qL05E-03 2 63 +l.21393E-04 
-1.571707E 00 -1.469231E-02 3 
-1.449110E 00 -3.388q77E-02 4 
-1.226883E 00 6.438351E-02 3 
-8.554944E-01 -2.350551E-02 4 

Statistical Terms 

e =.lesidluals)2 /.f. 

s - 3.104563E-02e 

d.f. = 9 

ta = 2.26 

a = 0.05 

""957. 
Temperatue . Ak 

(?K) (Wcm-°K) 

Confidence Limits 957. Confidence Limits. 
- " on Individuals on the Mean- - ' 

Ak Lower Upper Lower. Upper -

80. -1.68219E 00 
90. 1 -1.69835E 00 

'100. -1.69024E 00 
110. -1.65785E CO 
120. -1.60117E 00 
f3o0. -1.52022E 00 
140t -1.414996.00 

.150: -1.285482 00 
160. -1.13170E 00 
170. -9.53631E-01 

1.81052E-02 -1.76341E 00 -1.60097 00 -1.72311E 00 -1.64127E 00 
1.151882-02 -1.77319F D0 -1.62352E 00 -1.T2439E 00 -1.672322 00 
1.07104E-02 -1.76446E,00 -1.61602E 00 -1.71445E 00 -1.66603E 00 
1.30144E-02 -1.73922 00 -1.581779 00 -1.68726S 00 -1.62843E 00 
1.50652E-02 -1.67916E 30 -1.52319E'00 -1.63522E200 -1.56713E 00 
1.58968E-02 -1.59905E 00 -1.44139E 00 -1.55615E 00 -1.48429 00 
1.570'983-02 -1.E93622 00 -1.33636E 00 -1.45048E 00 -1.37950E 00 
1.56116F-02 -1.36402E,00 -1.20695200 -1.32077E 00 -1.25020 00 
1.77121E-02 -1.21247E 00 -1.05092F 00 -1.17173E 00 -1.09167E 00 
2.36894F-02 -1.041892 00 -8.65375E-01 -1.00717E 00 -9.00093E-01 
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Table F-19 

THERMAL COndUCTIVM OF WANL BERYLLIUM: PREIMRDTATION RUNS I THRU 4 

Input Data Calculated Data 	 Run Least Squares 
NO. Fit Coefficients 

ResidualsTemperature Thermal Cond Thermal Cond 
(IK) (WI/n-ox) (W/cm-oK) (input-talc)	 = Ic 1 + C2T + C3T 

L
00 -4.233837E-02
3.004338E2.962000E 00 

8.406000D Ot 3.039000E 00 3.061597E 00 -2.259731E-02 2 
8.8189990 01 3.157000E 00 3.118993E 00 3.800678E-02 I = 3.99490E-01 
9.145000D 01 


8.035999D 01 


3.119999E 00 3.159444E 00 -4.044437E-02 3
 
9.5049990 01 3.115999E 00 3.199137E 00 -8.313751E-02 4 = 

9.5579990 0l 3.335999E 00 3.204539E 00 1.314602E-01 1C 4.86066202
 
9.9739990 01 3.257000E 00 3.243013e 00 1.398659E-02 2
 
1.1450000 02 3.415000E 00 3.323244E 00 9.17558E02 2 C3 -2,015169-04
 
t.235000D 02 3.294000E 00 3.329074E 00 -3.507423C-02 3
 
1.3615000 OZ 3.259999E 00 3.282079E 00 -2.2079467E-02 4
 
1.5610000 02 3.004999 00 3.076902E 00 -7.190323E-02 3
 

1.8047000 02 2.650999E 00 2.608617E 00 4.2-82246-02 4
 

Statistical Terms
 

4S~taiduls) 2 d.f. 
df. 7.216936Z-02 

ta 2.26 

a= 0.05 

957. Confidence Limits 95% Cofdnelimits 
Temperature 	 k on Individuals on the Mean
 

(OK) . (W/cm-°K) Lower Upper tower Upper
 

3.18640E 00 	 3.09182E 00
80. 2.99847E 00 4.13058E-02 2.81054E 00 	 2.90512E 00 
2.968086 00 3.315882 00 3.08166E 00 3.20230E 0090. 3.14198E 00 2.668962--02 

100. 3.24519E 00 2.44436F-02 3.07293E 00 3.41739E 00 3.189946E 00 3.30043E 00 
110. 3.30809E 00 2.95427E-02 3.13185E 00 3.48433E 00 3.241322 00 3.17485F 00 
120. 3.33069E 00 3.46420E-02 3.14977E 00 3.51161E 00 3.252404 00 3.40898E 00
 

130. 3.31292E 00 3.73102E-02 3.12937E 00 3.49659E 00 3.228"E 00 3.39730E 00 

140. 3.2$498E 00 3.75757E-02 3.07109e 00 3.43886E 00 3.17005E 00 3.33990E 00 

150. 3.15666E-00 3.70596E-02 2.97331E 00 3.34001E 00 3.07291E 00 3.24042C 00
 
2.92933E 00 3.10677E' 00160. 3.0LOSE 00 3.92580E-02 2.83238C 00 3,20372E 00 

170. 2.83913E 00 4.82750E-02 2.642902 00 3.03536E 00 2.73003E 00 2.94823E 00 

180. 2.61991E 00 6.56276E-02 2.39946E 00 2.84037E 00 2.47159E 00 2.76823E 00 
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Table F-20 

THERMAL CONDUCTIVITY'OFWANL BERYLLIUM: POSTIRRADIATIONRUNS'I1TIEU 4 

Input ,Data Calculated Data Run Least Squatres 

No. Fit Coefficients 
Temperature Thermal Cond Thermal Cond Residuals 

(OK). - (W/cm-OK) (W/cm-°K). (inputrcalc) 
k =Cj + C2T F T

2 

8.0420000 01 1.287000E 00 1.322772E 00 -3.577232E'02 I - 2 . . 
8.423999D'01. ,1.342999E' 00 1.373717E 00 -3.071785E-02- 2 = -3 21652E-0l 
8.815999D 01 1.452000E 00 1.423434E 00 2.856541E-02- 1 
9.2170000 01 1.434999E 00 1.471608E.00 -3.660870E-02 3 
9.507999D'01, 
9.5560000 01 

1.608999E 
1.485000E 

00 
00 

1.504868E 00, 1.041317E-01' 
1.510217E 00 -2.521706E-02' 

1
4 C2', 7 002.72370E- 2 -

1.0030000 02 1.561999E 00 1.5609462 00' 14052856E-03 2 ' " ' -

1.1420000 02' 1.7680002' 00 1.687839E 00 8.016109E-02 2 C' = -8'.44200E-05' 
1.2520000 02 1.714999E 00 1.765134E 00' -5.013466E-02 -3 3 
1.3813000 02 1.7750002 00 ' 1.829870E 00 -5.487061E-02 4 "" 
1.5420000 02 1.870000E 00 1.8709852 00 -'q.-851456E-04 3 
1.7537000 02 1.879000E 00 1.858595E 00 2.040482E-02 4 -

Statistical Terms
 

eI
 
= 	 " £

4e 	 (Residuals) 
2 

/d . 

s. = 5.600319E-02
 

d.f. = 9 

t, - 2.2 6 

a - 0.05 

-,. 95% confidence Limits 95% Confidence Limits 
Temperature k S -: -on Individuals on the Medn 

K) (W/cm-K) Lower Upper Lower - Upper 

80. 1.31702E 00 3.28494E-02 L.17029E 00 1.46375E 00 1.24278E 00 1.39126E 00 
90. 1.44588E 00- 2.08364Er02 1.310832 00 1.58092E 00 1.39879E 00 1.49297E 00 

100 . 1.55785E 00 1.93721E-02 1.423922.00 1.69177E 00 1.514072 00 1.60163E 00
,110. 1.65294E 00 2.35b98E-02 . 1.51559E 00 1.790282& 00 1.59960E 00 1.70627E 00 
120. 1.731f4E 00 2.735452-02 1.590282 00 1.872002 00 1.66932E 00 1.79296E 00 

--	 130. 1.79246E 00 2.885842-02 - 1.65008E 00 1.934842 00 1.72724E 00 1.85768E 00: 
£40. - 1.836902 00 2.84372E-02 1.69495E,00 1.97884E 00 1.77263E 00 1.901162 00, 
is0. 1.86445E 00 2.80797E-02 1.722862 00 2.00603E 00 1.80099E O0 1.92791E 00' 

- 160. 1.87512E 00 3.16113E-02 1.72978E 00 -'2.02045E.00 - 1.803672 00 1.94656E 00 
170. 1.86890E 00 4.22196E-02 1.71040E 00 2.02742'00 1.773482 00 1.96432E 00 
180. 1.845802 00 5.99577E-02 1.660382 00 2.03122E 00 1.71030E 00 L.98131E 00 
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Table F-21 

THEBKL CONDUCTIVITY OF WANL BERYLLIUM: POSTIRR&DIATION-ANNEAL RUNS 1 THRU 4 

Input Data Calculated Data Ron Least Squares
 

No. Fit.Coefficients
 
Temperature Thermal Cond Thermal Cond Residuals


0
(OK) (W/cm- K) (W/cm-°K) (input-ale)
 

k -C 1 + C2T + C3T
 
8.042000D 01 2.995999E 00 3.025182E 00 -2.918243E-02 1
 
8.378000D 01 3.059999E 00 3.o076715E 00 -1.671600E-02 2 C - 4.39135E-01
 
8.8189990 01 3.160000E 00 3.137474E 00 2.252579E02 1
 
9.103999D 01 3.153000E 00 3.172586E 00 -1.958656E-02 3
 
9.512000D 01 3.162999E 00 3.217175E 00 -5.417538E-02 4 C 4.83016E-02


3.221784E 00 8.121586E-02 1 2
9.557999D OL 3.302999E 00 

9.878000D 01 3.259999E 00 3.25L488E 00 8.5t1543E-03 2
 
1.130000D 02 3.400000E 00 3.333755E 00. 6.624413E-02 * 2 . C = -2.00757E-04
 
1.220000D 02 3.318000E 00 3.343869E 00 -2.586937E-02 3
 
1.3523000 02 3.301000E 00 3.299694E 00 L.305580E-03 4
 
1.5330000 02 3.058000E 00 3.1258125 00 -6.781197E-02 . 3.
 
1,783700D 02 2.700999E 00 2.667447E 00 3.355217E-02 4
 

Statistical Terms
 

- (R siduals) 2 /d.f.e 

s = 4.989871E-02 

= d.f. 9 

-t- 2.26 

a- 0.05 

95% Confidence Limits 95%. Confidence Limits
Temperature k . n Individuals on the Mean 

(OK) (W/cm-OK) Lower Upper Lower Upper
 

80. '3.01842E 00 2.85783E-02 2.88846E 00 3.14838E 00 2.95383E 00 3.08301E 00
 
90. 3.16015E 00 1.83161E-02 3.04002E 00 3.28028E 00 3.11876E 00 3.20155E 00
 

100. 3.26173E 00 1.69593E-02 3.14262E 00 3.38084E 00 3.22340E 00 3.30006E 00
 
110. 3.32316E 00 2.06504E-02 3.20111E 00 3.44520E 00 3.27649E 00 3.36983E 00
 
120. 3.34443E 00 2.41614E-02 3.21914E 00 3.46973E 00 3.28983E 00 3.39904E 00 

- 130. 3.32556E 00 2.58837E-02 3.19852E 00 3.45260E 00 3.26706E 00 3.38405E 00 
140. 3.26653E: 00 2.59627E-02 '3.13941E 00 3.39365E 00 3.20785E 00 3.32521E 00
150. 3.16735E 00 2.57596E-02 3.04044E 00 3.294265 00 3.10913E 00 3.22557E 00160. 3.02802E 00 2.80087E-02 2.89870E 00 3.15734E 00 2.96472E 00 3.09132E 00
 
170. 2.84854E 00 3.55170E-02 2.71012E 00 2.98696E 00 2.76827E 00 2.92881E 00
 

-180. 2.62891E 00 4.89645E-02 2.47091E 00 2.78690E 00 2.51825E 00 2.73957E 00
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Table F-22 

THERMAL CONDUCTIVITY OF TITANIUM: PREIRRADIATION RUNS I THRU 6 

Input Data Calculated Data Run Least Squares 

NO. Fit Coefficients 
Temperature

( oK) 
Thermal Cond 
(Wl/cm'OK) 

Thermal Cond 
(W/c m - K) 

Residuals 
i nputc alc ) k CI + GI T + C 3 !t_ 

8.1689990 01 
8.6620000 01 
8.9739990 01 

4.719000E-02 
4.917000E-02 
4.962000E-02 

4.784002E-02 
4.891100E-02 
4.958329E-02 

-6.500185E--04 
2.58997E-04 
3.670529E-05 

I 
2
I C 2.85456E-02' 

9.6439990 01 5.0650GOE-02 5.101260E-02 -3.6260LIE-04 3 
9.7429990 O 
1.025000D 02 

5.18400E-02 
5.199000E-02 

5.122213E-02 
5.228845E-02 

6.178729E-04 
-2.984554E-04 

1 
4 C2 = 

2.54065E-04,. 

1.0280000 02 
1.1810000 02 

5.289000E-02 
5.5560GOE-02 

5.235119E-02 
5.549889E-02 

5.388074E-04 
6.110221E-05 

2 
2 

1.240000D 02 5.6950ooE-02 5.668535E-02 2.646483E-04 5 = -2.18799E-07 
1.2820000 02 5.8010OOE-02 5.752066E-02 4.893392E-04 3 
1.341000D 02 5.990000E-02 5.868101E-02 1.218986E-03 6 
1.4320000 02 
1.5720000 02 
1.803000D 02 

6.007000E-02 
6.105000E-02 
6.424999E-02 

6.044089E-02 
6.307757E-02 
6.724066E-02 

-3.708936E-04 
-2.027571E-03 
-2.990663E-03 

4 
3 
4 

1.9560000 02 
2.1910000 02 
2.5739990 02 

7.110000E-02 
7.710999E-02 
7.7990OOE-02 

6.986952E-02 
7.370770E-02 
7.944530E-02 

1.230478E-03 
3.402293E-03 

-1.455307E-03 

5 
6 
5 

Statistical Terms 

2.9109990 02 8.399999E-02 8.396292E-02 3.707409E-05 6 ea -F(Residuals)2/d.f. 

se = 1.451076E-03 

d.f. - 15 

ta - 2.13 

a= 0.05 

Temperature . k 
95% Confidence Limits 

on Individuals 
957. Confidence Limits 

on the Mean 
(OK) (W/cm-K) kower Upper Lower Upper 

80. 
90. 
100. 

'110. 

4.74704E-02 
4.96391E-02 
5.17641E-02 
5.38452E-02 

6.95495E-04 
5.51341E-04 
4.48781E-04 
3.96190E-04 

4.40430E-02 
4.63328E-02 
4.85288E-02 
5.06413E-02 

5.08979E-02 
5.29455E-02 
5.49993E-02 
5.70491E-02 

4.59890E-02 
4.84648E-02 
5.08082E-02 
5.30013E-02 

4.895LSE-02 
5.08135E-02 
5.2Y200E-02 
5.46891E-02 

120. 
130. 

5.58826E-02 
5.78763E-02 

3.92351E-04 
4.21809E-04 

5.26809E-02 
5.46576E-02 

5.90844E-02 
6.10950E-02 

5.50469E-02 
5.69778E-02 

5 67183E-02 
5.87747E-02 

140. 
150. 
160. 

5.98262E-02 
6.17323E-02 
6.35946E-02 

4.65644E-04 
5.10755E-04 
5.50088E-04 

5.65801E-02 
5.84556 -02 
6.02892E-02 

6.30721E-02 
6.50089E-02 
6.69000E-02 

5.88344E-02 
6.06444E-02 
6.24230E-02 

6.08180E-02 
6.28202E-02 
6.47663E-02 

170. 
180. 
190. 
200. 
210. 

6.54132E-02 
6.71881E-02 
6.89192E-02 
7.06065E-02 
7.225012-02 

5.80394E-04 
6.00681E-04 
6.11509E-04 
6.14857E-04 
6.14215E-04 

6.20844E-02 
6.38429E-02 
6.55651E-02 
6.72497E-02 
6.88938E-02 

6.87420E-02 
7.05332E-02 
7.22732E-02 
7.39633E-02 
7.560632-02 

6.41770E-02 
6.59086E7-02 
6.76166E-02 
6.929682-02 
7.09418E-02 

6.66494E-02 
6.84675E-02 
7.02217E-02 
7.19162E-02 
1.3558W2-02 

220. 
230. 

7.38499E-02 
7.54060E-02 

6.14fl9E-04 
6.23612E-04 

7.04932C-02 
7.20418E-02 

7.72066E-02 
7.81700E-02 

7.25404--02 
7.40776E-02 

7.51594E-02 
7.67342E-02 

240. 
250. 

7.69182E-02 
7.838682-02 

6.48957E-04 
6.98585E-04 

T.35324E-02 
7.49564E-02 

8.03040E-02 
8.18171E-02 

7.55360E-02 
7.68988E-02 

7.830052-02 
7.98748E-02 

260. 7.98116E-02 7.77988E-04 7.63046E-02 8.33185E-02 7.81544E-02 8.14686E-02 
270. 8.11926E-02 8.89290E-04 7.75675E-02 8.48176E-02 7.92983E-02 8.30867E-02 
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Table F-23 

THERMAL CONDUCTIVITY OF TITANIUM: POSTIhRADTATION RUNS I THRU 3 

Input Data 	 Calculated Data Ran Least Squares 

No. Fit Coefficients 
Temperature Thermal Cond Thermal Cond Residuals 

(OK) I (W/em-°K) (W/cm-OK) (input-cale)~~~k-C 	 1 +C 2 T +C 3 T2 
I
-8.160248E-05 


8.9519990 01 4.920000E-02 4.926692E-02 -6.692484E-05 1 C = 2.84227E-02
 
9.6980000 01 5.070000E-02 5.084595E-02 -1.459569E-04 1
 
1.0300000 02 5.214000E-02 5.210247E-02 3.752857E-05 2
 
1.247000D 02 5.68500OE-02 5.650040E-02 3.495999E-04 3 2.52393E-04
 

a.1819990 01 4.7530002-02 4.761160E-02 

C2 

1..4300000 02. 6.0800002-02 6.004936E-02 7.5063482-04 -2 
1.792000D 02 6.403995E-02 6.663895E-02 -2.5990012-03 2 
t.9460000 02 7.108998E-02 6.926876E-02 1.821220E-03 3 C- = -2.18373E-07
 
2.5480000 02 7.848996E-02 7.855493E-02 -6.496906E-05 3
 

Statistical Terms -

S e - 4flResldualz) 2 16.f. 

a - .341354E-03 

d.f. - 6 

t, - 2.45 

a . 0.05 

957. Confidence Limits 957 Confidence Limits 
Temprature k on Individuals "on the Mean 

(0 K) (W/cm-OR) Sk Lower Upper Lower Upper 

80. 4.72166E-02 8.65914E-04 4.33050E-02 5.11282E-02 4.50951E-02 4.93380E-02
 
90. 4.93693E-02 6.78720E-04 4.56862E-02 5.30523E-02 4.71064E-02 5.10321E-02 

100. 5.147832-02 5.62839E-04 4.79144E-02 5.50422E-02 5.00993E-02 5.28572E-02
 
110. 5.35436E-02 5.24722E-04 5.001482-02 5.70724E-02 5.22581E-02 5.48292E-02
 
120. 5.55653E-02 5.4

7 4 
771r04 5.201582-02 5.91148E-02 5.42240E-02 5.69066E-02 

130. 5.75433E-02 5.99748E-04 5.394342-02 6.11431E-02 5.60139E-02 5.9012E-02'
 
.140. 	 5.947762-02 6.56715E-04 5.58186E-02 6.31366E-02 5.786871-02 6.10866E-02 

'150. 6.13682E-02 7.04805E-04 5.765592-02 6.508062-02 5.96414E-02 6.30950E-02 
160. 6.32152E-02 1.380362-04 5.946432-02 6.696612-02 6.14070E-02 6.50234E-02
 
L10. 6.50185E-02 7.54985E-04 6.12474E-02 6.87895E-02 6.316882-02 6.68682E-02
180. 6.67781E-02 - 7.57526E-04 6.30039E-02 7.05523E-02 6.49222E-02 6.863402-02 
190. 6.84940E-02 7.50797E-04 6.472T92-02 7.226012-02 6.66546E-02 7.03334E-02
 
200. 7.01663E-02 7.43803E-04 6.64086E-02 7.39241E-02 , 6.83440E-02 7.19886E-02 
210. 7.179502-02 7.50069E-04 6.80298E-02 7.55602E-02 6.995732-02 7.36326E-02 
220. 7.33799E-02 7.86163E-04 6.95701E-02 7.71890E-02 7.145382-02 7.53059E-02
 
230, 7.492112-02 8.67291E-04 7.100771-02 7.88345E-02 1.27962E-02 7.704602-02
 
240. 1.64181E-02 1.001982-03 7.23167E-02 8.05206E-02 7.396382-02 7.88735E-02' 
250. 7.78726E-02 1.19104E-03 7.34777E-02 8.2267E-02 7.49545E-02 8.079062-02
 
260. 7.92828E-02 1.43088E-03 7.44776E-02 8.408782-02 7.57771E-02 8.278832-02
 
270. 8.06493E-02 1.711082-03 7.53110E-02 8.59876E-02 7.644252-02 8.485622-02
 

328
 



Table F-24
 

THERMAT CONDUCTIVITY OF TITANIUM: POSTIRRDIATION-ANNEAL RUNS I THRU 3
 

Input Data clIculated Data Run Least Squares 

No. Fit Coefficients 

ResidualsTemperature Thermal Cond Thermal Cond 

(oK) (W/cm-OK) (W/cm-OK)l 1(input-calc) ," .k + c +C 
4.74 0OOE-02 4.770564E-02 -2.356432E-04 1 

8.140999D 01 
8.884999D 01 4.93600E&-0Z 4.933840E-02 2.160296E-05 1 

2.79426E-02

9.6019990 01 5.1120OOE-02 5.088443E-02 2.355650E-04 I C1 -

1.008000D 02 5.1710002-02 5.190014E-02 -1.901388E-04 2 
1.2430000 02 5.7000OOE-02 5.671940E-02 2.805963E-04 3 C2 ' 2.6106E-04 
1.387000D 02 6.032000E-02 5.952933e-02 7.906668Z-04 2 
1.7310000 02 6.333995E-02 6.580174E-02 -2.4617901-03 2
 
1.9520000 02 7.120997E-02 6.950402E-02 1.705945E-03 3 C = -2.62244E-oi
 
2.5629980 02 7.825994-02 7.84063qE-02 -1.464486--04 3 3
 

Statistical Terms 

s = 1.280861E-03 

d.f, 6 

ta - 2.45 

a= 0.05 

- ;957 .957. Confiden~e'Limits 

on on the Mean 
-	 Confidence rits 

Temperaure, k s- . . Individuals 

Upper Lower Upper'
("K)., (W/ce-"K) kLower 

4.9375ZE-02
80. 4.73929E-02 8.09074E-04 4.36812E-02 5.110472-02 4.54107E-02 
5.11431!-02
90. 4.958822-02 6.34730E-04 4.60859E-0Z 5.30905E-02 4.80331E-02 


zo0 5.17310E-02 5.28616E-0 4.83361f-02 5.512586-02 
 5.04359E-02 5.30261-02
 
5.718712-02 5.26046E-02 	 5.50381E-02
110. 5.38213E-02 4.966282-04 5.P4556-02 


5.2470T-0Z 5.92478E-02 	 5.45807E-02 5.713762-02120. 5.585922-02 5.21847E-04 
130. 5.78447E-02 5.74283E-04 5.44056E-02 6.128382-C2 5.64377E-02 5.92517E-02 

140. 5.97776E-02 6.30726E-04 5.62797E-02 6.32756E-02 5.82324E-02 6.13229E-02 
.7881F-04 5.810682-02 6.52096E-02 5.99955E-02' 6.33209E-02150. 6.16582E-02 


160. 6.34863E-02 7.126432-04 . 5.98952E-02 6.70775E-02 6.17404E-02 6.52323E-02 
6.34704E-02 6.70535E-02
170. 6.526202r02 7.31264E-04 6.16484E-02 6.88754E-02 


" 6.3657-02 7.06045E-02 6.51816-0z 6.87886-02180. 6.69851E-02 1.36110E 
7.04484E-02190. 6.86559E-02 7.31644E-04 6.50419E-02 7.22699E-02 6.68634C-02 

6.84963E-02 7.205215-02
200. 7.02742E-02 1.25682E-04 6.66674E-02 7,388[02-02 
.54520E-02 7.00518C-02 7.36284E-02210. 7.18401-0 7.29921E-04 6.82282E-02 


7.70013E-02 7.14935E-02 7.52134E-02
220. 7.33535E-02 7,591502-04 6.97055E-02 
230. 7.48144-O 8.27 727E-04 7.1078"£-02 7.855092-02 Z.278655-02 7.68424E-02

7.3908Z2-02 7.85376E-02

240. 	 7.62229E-02 9,44786E-04 7.23234E-02 8.012Z32-02 


50* 7.75790E-02 
 1.11250E-03 7.34224E-02 	 8.17356E-02 7..48534E-02 8.03046E-02 
634036E-02 7.56280E-02 8.2137e-02

260. 7.88826E-02 1.32838E-03 7.43615E-02 

B. 513312-02 7.624202-02 8.40255E-02-270: 8.01335S-02 1.58845E-03 7.513452-02 
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Table F-25 

THERMAL CONDUCTIVITY OF TITANIUM: CHANGE FROM PREIRRADIATION TO POSTIRRADIATION 

Input Data Calculated Data Run Least Squares 

I -TRsdas NO. Fit Coefficients 
Temperature 

(OK) 
Thermal Cond 

(1i/cm-OK) 
Thermal Cond 

CW/cm-0 K) 
Residuals 

(input-odle) 
Ak = 1 + C2 T + C3T2 

9.200no00 O0 2.7929996-04 -5.143038E-04 7.035037E-04 1 
8.0000001) 01 
9.700000 01 

-Z.q86q9R6-04 
-1.0860002-03 

-4.4306q4E-04 
-3.686405E-04 

I.4526q6P-04
-7.173594E-04 

I = 
1 

-1.64555E-03 

1,010000D 02 -4.1449O8E-04 -3.156RIE-04 -9.881868F-05 2 
1.240000n 0z -2.801998E-04 -1.542006E-04 -1.2599 2F-04 3 C2  +1.72487E-05 
1.4300000 02 -3.279 9E-04 -4.010304-05 -7.878967E-04 2 
1.710000 07 2.40000C-04 7.26P228F-05 1.673777E-04 4 
1.S000j0n 02 -1.2950002-04 9.483"69E-05 -2.2433276-04 2 C3 = -4.21109E-08 
1.9500000 n2 1.0080002-04 1.1668986-04 -1.5889R22-05 3 
2.5500ooD 0, 
2.q6000n0 0? 

7.00200C-04 
-4.8600"0-04 

1.46lq226-05 
-2.025106E-04 

6.855P05-04 
-2,5648q93-04 

3 
4 

I.q02OOD 3? -l.42000CE-03 -1.354977E-03 -6.502'035-05 4 

Statistical Terms
 

= 4.585802E-04 

d.f. -9 

ta . 2.26 

a - 0.05 

95%. Confidence Limits 95%. Confideoce Limits 

Tempeiature Ak on Individuals on the Mean 

(0 K ) CW/cm-K) 	 Lower Upper Lower Upper 

S0. -5.35157E-04 2.51408F-04 -1.71706F-O3 6.467632-04 -1.10334E-03 3.30240E-05
 
90. 4.34259E-04 ?.1754-E-04 -1.581362-03 7.12239E-04 -Q.25916E-04 5.73995S-05
 
100. -3.417822-04 I.qq91 8-04 	 -1.46354E-03 7.79972E-04 -7.70997F-04 8.743352-05
 
110. -2.57727E-04 1.6037104 	 -1.16255E-03 8.470922-n4 -6.40506E-04 1.250512-04
 
120. -1.92095F-C4 1.56501F-04 	 -1.2'7182-33 9.11986F-04 .-5.35786E-04 1.71596E-04
 
130. -1.1488E-C4 1.51184E-04 	 -1.2061'F-33 Q.76374F-04 -4.56560E-04 2.267906-04
 
140. -5.60971E-C5 1.52316F-04 	 -1.14817E-03 1.035986-03 -4.00376E-04 2.88182E-04
 
150. -q.73136E-06 1.57800F-04 	 -1.10206-03 1.09060F-01 -3.63263E-04 3.518005-04
 
160. 3.62124F-C5 1.A691RP-04 	 -1.06670F-93 1.139122-03 -3.41023E-04 4.13448E-04
 
170. 6.973372-05 1.76948F-04 	 -1.041136-33 1.i80602-O -3.301686-04 4.69635E-04
 
180. 	 0.4-129S-05 1.87165F-04 -1.024552-03 1.21422F-01 -3.28160E-04 5.17826E-04
 

-1.01630--3 3  
190. 1.135102-04 1.96S21F-04 	 1.23932E-03 -3.33A05E-04 5.56325E-04
 
200. I.1q7656-C4 2.05442-04 	 -1.01588F-03 1.25540E-03 -3.44533E-04 5.84063E-04
 
210. 1.19507C-04 2.12756F-04 	 -1.0320E-03 1.262102-03 -3.612326-04 6.00426E-04
 
220. 1.11008E-04 2.IP64GF-04 -1.03715F-03 1.250162-01 -3.i3118E-04 6.05133E-04
 
2301. 9.3942E-05 2.?3082P-04 -1.058522-0' 1.24691P-03 -4.10171-04 5.98160E-04
 
240. 6.5612E-05 2.2617 8-04 	 -1.08703E-03 1.224152-03 -4.42602E-04 5.79724E-04
 
250. 3.47022E-05 2.2RJ135-04 	 -1.122836-03 1.19222F-03 -4.80833E-04 5.50233E-04
 
260. -7.575146-06 2.2q1775-04 -1.166182-03 1.15103E-03 -5.75515E-04 5.103652-04
 
?70. -5.82747E-05 2.20764E-04 -1.21747E-33 1.100q?E-O -5.77541E-04 4.60992E-04
 
280. -1.173076-04 2.30386 -04 	 -1.27723E-03 1.042432-01 -6.38069E-04 4.03275E-04
 
290. * -1.84944E-04 2.31671F-04 -1.34608E-03 q.761912-04 -7.08520E-04 3.386312-04 
'00. -2.60q010-04 2.34354E-04 -1.4247O-03 0.029725-04 -7.905492-04 2.68728E-04 
310. -3.45298E-C4 2.39237E-04 	 -1.51424F-03 8.21647C-04 -8.85973E-04 1.95377E-04
 
320. -4.38106F-04 2.47130E-04 	 -1.61541E-03 7.391Q72-04 -9.6619E-04 1.20407E-04
 
310. -5.39344F-04 2.587652-04 	 -1.72035E-03 &.50659P-04 -1.12415E-03 4.54658E-05
 
340. -F.49001E-04 2,74723E-04 	 -1.85714E-0' 5.591336-04 -1.26987E-03 -2.812852-05
 
350. -7.67078E-C4 2.9517-F-04 	 -1.o9985E-03 4.6 56 7F- 4 -1.43463E-03 -9.95225E-05
 
360. -8.93578E-04 3.20q040-04 	 -2.1585?2-03 3.71365-04 -1.61882E-03 -1.68336.-04
 
370. -1.028502-C3 3.51116P-04 -2.33406E-03 2.77064F-04 -1.82247E-03 -2.34528E-04
 
'80. -1.17185E-03 3.86462-04 -2.52723F-03 1.435406-04 -2.04533E-03 -2.98366.-04
 
390. -1.321611-r3 4.262922-04 	 -2.73864E-03 q.140655-05 -2.28703E-03 -3.601942-04
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Table F-26 

THEKR CONDUCTIVITY OF TITANIUM: PREIRRADIATION RUNS 1 THRU 8 

Input Data Calculated Data Run Least Squares 

"No. Fit Coefficients 
Temperature Thermal Cond 

( 0 )(W/om0K) 
Thermal Cond 

(W/om-01C) 
Residuals 

(input-ca ) 

8.1689990 01 4.7190M0E-02 4.878283E-02 -1.592826E-03 L k-CI +C 2 T + C3 T 
8.6620000 01 4.917000E-02 4.967144E-02 -5.014427E-04 2 
8.973999D 01 4.96200o-02 5.023592E-02 -6.159246E-04 1 C = 3.46543E-02 " 
9.6439990 01 5.0650002-02 5.1453652-02 -8.036532E-04 3 
9.7429990 01 5.184000E-02 5.1634232-02 2.057739e-04 1 
1.0250000 02 5.199000O-02 5.2561572-02 -5.715750E-04 4 C2 = 1.66074E-04 
1.0280000 02 5.289000E-02 5.261658E-02 2.7342142-04 2 
1.1810000 02 5.556000E-02 5.5442092-02 1.179017E-04 2 
1.240000D 02 5.695000E-02 5.654221E-02 4.077926E-04 5 C3 8.42010E-08 
1.2820000 02 5.8010002-02 5.7328912-02 6.810911E-04 3 
1.341000D 02 5.990000E-02 5.843905E-02 1.460947E-03 6 
1.4320000 02 6.0070002-02 6.0162802-02 -9.280443E-05 4 
1.4450000 02 6.263995E-02 6.041019E-02 2.229761E-03 7 
1.572000D 02 6.1050OOE-02 6.2841952-02 -1.791954E-03 3 
1.7062000 02 6.964999E-02 6.544107E-02 4.2089222-03 8 Statistical Terms 
1.8030000 02- 6.424999E-02 6.733465 -02 -3.084660E-03 4 
1.9560000 02 7.1100002-02 7.035989E-02 7.401109E-04 5 
2.191000D 02 7.710999E-02 7.508320E-02 2.026796E-03 6 
2.424000D 02 
2.5739990 02 

8.333999E-02 
7.7990C00-02 

7.985812E-02 
8.298045E-02 

3.481865E-03 
-4.990458E-03 

7 
5 

s e - te,(Residuas)2/d.f. 

2.9109990 02 8.399999E-02 9.013355E-02 -6.1335562-03 6 
2.9916990 02 9.8729972-02 9.187490E-02 6.855071E-03 8 a= 3.068342E-03 
3.2398000 02 9.244996E-02 9.7296958-02 -4.8469902-03 7 e 
4.0079980 02 1.170800E-01 1.147429E-01 2.337098E-03 8 

d.f. - 21 

t' = 2.08 

a=0.05 " Z"

957. Confidence Limits 95% Confidence Limits 
Temperature 

(0 K) 
k 

(W/ea- 0 ) k 
on 

Lower 
Individuals 

Upper 
on 

Lower 
the Mean-

Upper 

80. 4.84792E-02 1.24169E-03 4.15942E-02 5.53641E-02 4.58964E-02 5.10619E-02 
90. 5.02830E-02 1.06500E-03 4.35274E-02 5.70387E-02 4.80678E-02 5.24982E-02 
100. 5.21038E-02 9.20268E-04 4.54407E-02 5.87668E-02 5.01896E-02 5.40179E-02 
110. 5.39413E-02 8.12171E-04 4.73394E-02 6.05433E 02 5.225202-02 5.563062-02 
120. 5.57957E-02 7.4A229-04 4.922852-02 6.23629E-02 5.42477E-02 5.73437E-02 
130. 5.76670E-02 7.16081E-04 5.111332-02 6.42206E-02 5.61775E-02 5.915642-02 

- 140. 5.95551E-02 7.218412-04 5.29987E-02 6.61114E-02 5.80536E-02 6.105652-02 
150. 6.14600E-02 7.51736E-04 5.48891E-02 6.80308E-02 5.98964E-02 6.30236E-02 
160. 
170. 

6.33817E-02 
6.532032-02 

7.95592E-04 
8.451662-04 

5.67885E-02 
5.87004E-02 

6.99749E-02 
7.194012-02 

6.17269E-02 
6.35623E-02 

6.50365E-02 
6.

7
0
7
82Et02 

180. 6.727582-02 8.94662E-04 6.06278E-02 7.39236E-02 6.54148E-02 6.91366E-02 
190. 6.924802-02 9.403562-04 6.25728E-02 7.59231E-02 6.72920E-02 7.12039E-02 
200. 7.12371E-02 9.80026E-04 6.45373E-02 7.793692-02 6.91987E-02 7.32756E-02 
210. 7.324312-02 1.01252E-03 6.65225E-02 7.99637E-02 7.113712-02 7.53492E-02 
220. 7.52659E-02 1.03749E-03 6.852882-02 8.20030E-02 7.31079--02 7.74238E-02 
230. 7.73056E-02 1.05524E-03 7.05565E-02 8.40545E-02 7.51106E-02 7.95004E-02 
240. 7.93621E-02, 1.06666E-03 7.26053E-02 8.611892-02 7.71434E-02 8.15807E-02 
250. 8.14354E-02 1.07327E-03 7.46740E-02 8.819672-02 7.92030E-02 8.36678E-02 
260. 8.352552-02 1.07723E-03 7.67615E-02 9.02895E-02 8.12849E-02 8.57661E-02 
270. 8.56326E-02 1.081362-03 7.88656E-02 9.23994E-02 8.33833E-02 8.78817E-02 
280. 8.77564E-02 1.08921E-03 8.098402-02 9.45287E-02 8.549082-02 9.00219E-02 
290. 8.989712-02 1.10496E-03 8.311372-02 9.66805E-02 8.75987E-02 9.21954E-02 
300. 9.20546E-02 1.13314E-03 8.52512E-02 9.885802-02 8.96977E-02 9.441152-02 
310. 9.42290E-02 1.178222-03 8.739242-02 1.01065E-01 9.17783E-02 9.66796E-02 
320. 9.64202E-02 1.24412E-03 8.95334E-02 1.033072-01 9.38324E-02 9.90080E-02 
330. 9.862822-02 1.33372E-03 9.16692E-02 1.05587E-01 9.58542402 1.01402E-01 
,340. 1.00853E-01 1.44868E-03 9.37954E-02 1.07911E-01 9.78398E-02 1.03866E-01 
.350. 1.030952-01 1.58956E-03 9.590712-02 1.10282E-01 9.97885E-02 1.06401E-01 
360. 1.053532-01 1.756032-03 9.80000E-02 1.127072-01 1.01701E-01 1.09006E-01 
370. 1.07629E-01 1.94732E-03 1.000702-01 1.15188E-01 1.03578E-01 1.11679E-01 
380. 1.09921E-01 2.16242E-03 1.02113E-01 1.17729E-01 1.05423E-01 1.14419E-01 
390. 1.12230E-01 2.40029E-03 1.04127E-01 1.20333E-01 1.07238E-01 1.172232-01 
400. 1.14556E-01 2.659972-03 1.06110E-01 1.23003E-01 1.09023E-01 1.200892-01 
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Table F-27 

TInKIr CONDUCTIVITY OF TtTNf-: OSTURADI&TION RUNS 1 THRU 4 

Input Data Calculated Data Run Least Squares -

No. Fit Coefficients 
ResidualsThermal Cond 	 Thermal Cond
Temperature (w/cmOK) (W/em-oK) (input-Cale)(or.) 


k-0 1c+c;T + C3 TZ 
1+C
 

4.788466E-02 

t|3.546625E-04
4.1530O0£'02
;.1819990 01 


8.9519990 01 4.92000E-02 4.94044-- 02 -2.044365E-04 	 I 

1 - = 3.21701E-02-l.835525E-049.6980000 01 	 5.070000E-02 5.088355E-02 


1.0300000 02 5.214000E-02 5.208197E-02 5.802512E-05 	 2
 
31.2470000 02 	 5.685000E-02 5.643754E-02 4.124604E-04 1.87208E-042 26.459020E-04
1.4300000 02 6.080000E-02 6.015410E-02 

&.7045000 02 6.987000E-02 6.5803352-02 4.066646E-03 4 

1.920000 02 6.403995E-02 6.762296E-02 -3.583014E-03 2
 
1.9460000 02 7.108998E-02 7.084751E-02 2.424717E-04 3 3 5.93306-08
 
2.5480000 02 	 7.846996E-02 8.372253E-02 -5.232573E-03 3 

9.7049952-02 9.227306E-02 4.776895E-03 42.9371000 02 
3.9238990 02 1.141199E-01 1.147636E-01 -6.436706C-04 4 

Statistical Tens 

Be w 2,997020E-03
 

d.f. 9
 

ta 2.26 

a- 0.05 

957 Confidence Limits 
k g- on Individuls on theMean

957 Confidence 	Limits 
Tempeilture 	 . , 

() (@/cm-OK) i Lower upper Lower Upper 

4.38076E-02 	 5.12453E-02

30.- 4.752659-02 . 1.645502-03 3.979952'02 5.52535E-02 

5.27174E-024.20006E-02 	 5.69983E-02 4.62814E-02
90. " 4.94994E-02 1.42390E-03 


4-1675E-02 	 5.42929F-02
I.Z Z77-03 4.41517E-02 5.88167E-02100. 5.148422-02 5 09775E-02 	 5.59842E-02
4.625986-02 	 6.07020E-02
110. 5.34809E-02 1.10768E-03 

5.31784E-02 	 5.80052-02
4.833282-02 	 6.26461-02120. 5.54894E-02 1.022582-03 5.97400E-02
 

5.750982-02 9.8615E-04 5.0j789E-02 6.464082-02 5.52796E-02
130. 6.6677-02 	 5.72969E-02 6.17873E-fl 
'140. 5.95421SZ02 q9.3472-04 5.:20642-02 

6,874922-02 	 5.925582-02 6.39166E-02 
150. 6.15862E-02 1.03117E-03 5.44233E-02 

6.11838E-02 	 6.61005E02
5.64366E-02 	 7.08478E-0
160. 6.36422E-02 t.087732-03 	 E OZ 
7.29674 -	 6.310382-02 6.83163E-02
5.S45272-02 
7.51027?-02 6.50325E-02 7.05470e-02Ito. 6.571012-02 1.153202-03 

- 180. 6.778982-02 1:22004E-03 6.047682-02 
7.724952-02 	 6.69S102-02 7.278186-02 

190. 6.98814E-02, 1.283312-03 6.Z51330E-2 
7.94044E-02 	 6.89563E-02 7.50134E-02
 

200. 7.19849E-02 1.34007E-03 6.45654E-02 

7.096252-02 	 7.723782-02
6.66355E-02 	 8.15649E-02
210. 7.410022-02 1.38834E-03 
 7.94532E-02
6.872522-02 	 8.37295E-02 7.30015E-02 


220. 7.62274E-02 1.42735E-03 

8.58977E02 	 7.507352-02 8.16593E-02
 

230. 7.836652-02 1.45704E-03 7.08351E-02 

8.806952-02 	 7.71771E-02 8.38577e-02

240. 8.05174E-02 1.478d1E-03 1.29653E-02 
7.93093£-02 	 8.605082-02
7.5L145E-02 	 9.02458E-02 


9.24283E-02 8.14665E-02
250. 8.26802E-02. 1.49146E-03, 
6.82431E-012
 

260. 8.485482-02 1.499252-03 7.72813-02 
9.46196E-02 	 8.364,24E-02 9.04403E-02 

270. 8.70414E-02 1.50397E-03 7.94631E-02 

9.26498e-02
9.682302-02 	 8.58297E-02
280. 8.923982-02 1.50389E-03 8.165652-02 

8.80192E-02 	 9.48808E202
8.38574E-02 	 9.904262-02 

1.01283E-01 9.02002E-02
290. 9.145002-02 1.51801k-03 

9.71441E-02
 
30Q. 9.36722E-02 1.53626E-03 8.60609E-02 

9.94513E-02
8.82612E-02 	 1.035516-01 9.236102-02 

1.05852E-01 9.44899E-02
310. 9.59062E-02 1.56864E-03 
 1.01914E-01
 

320. 9.81520E-02 1.620402-03 9.045212-02 
1.69632E-03 	 9.262682-02 1.08193E-01 9.65760E-02 1.04243E-01

330. 1;00410E-01 	 6 
1 9.86109E-02 1.0678E-01
9.47781E-0 	 1.16580340. 1.02679E-0L 1.800152-03 

1.09332E-01
9.68992E-02 	 1.13022E-01 1.005892-01

350. 1.04961E-01 1.93436E-03 
 1.12000C-01
 
360. 1.07254E-01 2.10014-03 9.89834E-02 1.15525E-01 1.02508-01 

1.14752E-01
2Z9758E-03 	 1.01025E-01 1.10094E-01 1.04367E-01

370. 1.09559E-01 1.06167E-01 	 1.175856-01
1.03018E-01 	 1.20735E-01380. 1.118762-01 2.526102-03 
 1.204*& -011. 04960E-01 	 1,23451E-01 1.07912E-01
390. 1.14OSE-01 2.78458E-03 
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Table F-28 

THERMAL CONDUCTIVITY OF TITANIUM: POSTIRRADIATION-ANNEAL RUNS I THERU4 

Input Data Calculated 'Data Run - LeastSquares 

No. -kitCoefficients
 
Temperature Thermal Cond Thermal Cond Residuals

(OK) (W/cm-°K) (Wincm-0 K) (input-Calc) 

8.14oq99 01 4.7470COE-02 4.814862E-02 -6.766175E-04 I k CI+ C2 T +0 3 
8.884999D 01 4.936000E-02 4.956864E-02 -2.086423E-04
 
,9.601999D 01 5.1120COE-02 5.094589E-02 1.741089E-04 1 = 3.00969E-02C1 

1.6080000 02 5.171000E-02 5.186882E-02 -1.588240E-04 2
 
1.2430000 02 5.o700COE-02 5.646178E-02 5.382188E-04 3
 

2
1.3870000 02 6.032000E-02 5.932177E-02 9.9822512-04 2 - 2.129 73-04
 
1.7030000 02 . 6.917995E-02 6.571925E-02 3.460705-03 4
 
1.731000D 02 6.333995E-@2 6.629413E-02 -2.954185E-03 2 = I:31588E-08
C3
1.9520000 02 7.12G997-02 7.087785E-02 3.3211712-04 C
 
2.5629980 02 7.82594E--02 8.391502E-O2 -5.715072E-03 3
 
2;9601980 02 9.761000F-02 9.282368E-02 4.786313E-03 4
 
3.9562990 02 1.1560006-01 1.161740E-01 -5.739927E-04 4
 

Statistical Terns 

s. - 4.257042E-03 

d.f. = 9 

=2.26t 9

a= 0.05 

95% Confidence Limits 95%.Confidence Limits
Temperature Si on Individuals on the Mean
 

(0 K) (W/-"K) kLower Upper Lower Upper
 

80. 4.78805E-02 1.59243E-03 
 4.02953E-02 5.54658E-02 4.42817E-02 5.14794E-.02
 
90. 4.97890E-02 1.37869E-03 4.24207E-02 5o715732-02 4.66731E-02 - 5.29048E-02 

100. 5.17141E-02 
 1.20528E-03 4.450282-02 5.89254E-02 4.899C2E-02 5.44380E-02

110. 5.36559-02 1.07775E-03 4.65484E-02 6.07634E-02 5.12202E-02 5.60916E-02
 
120. -5.56145r-02 9.998042-04 4.85654E-052 6.26635E-02 5.33"49E-02 5.7B140E-02 

- 130. 5.75897E-02 9.70294E-04 5.056188-02 6.46176E-02 5.53969E-02 5.97826E-02 
140. 5.95817E-02 9.81836E-04 5.25455E-02 6.66178E-02 5.73627E-02 6.18006En02
 
150. 
 6.15903E-02 1.02292E-03 5.45244E-02 6.86563E-02 5.92785F-02 6.390Z1E-02

160. 6.36157E-02 1.081682-03 5.65052E-02 7.072626-02 6.11711-02 6.60602E-02
170. 6.56577E-02 1.14837E-03 5.84940E-02 7.28214E-02 6.30624E-02 6,82530E-02
 
180. 6.77165E-02 1.21596E-03 6.04961E-02 7.4930E-02 6.49685E-02, 7.046466-02
 
190, 6.97920E-02 1.279776-03 6.251542-02 7.70636E-02 6.689972-02 7.26842E-02
 
200. 7.18842E-02 1.33685E-03 6.45553E-02 7.92130E-02 6.88629E-02 7.49055E-02 
.z10. 7.39930E-02 1.38547E-03 6.66182E-02 7.086182-08.13678F-02 7.712422-C2
 
220. 1.61186E-02 1.42483E-03 6.87056E-02 8.353L62-02 7.28985E-02 7.93387E-02
 
230. 7.8261CE-02 1.45483E-03 7.081832-02 8.57037E-02 7.49731E-02 8.15489E-02
 
240. 6.04200E-02 1.475982-03 7.295602-02 8.78839E-02 7.708432-02 8.375576-02 
250. 9.25958E-02 1.49936E-03 7.51182E-02 9.00732e-02 7.92298E-02 8.59617z-02 
260. E.478812-02 1.49666E-03 7.73032E-02 9.22731E-02 8.14057E-02 8.81706E-02
 
270. E.69973E-02 1.50020E-03 7.95087E-02 9.44858E-02 8.36068E-02 9.03877E-02
 
280. 8.92231E-02 1.50300E-03 8,17317E-02 9.671462-02 8.58263E-02 9.26199E-02
 
290. 9.14657E-02 1.50882E-03 8.39682F-02 9.89630E-02 8.80557E-02 9.48756E-02
 
300. 9.37250E-02 
 1.522092-03 8.62138E-02 1.01236E-01 9.02850E-02 9.71649E-02
 
310. 9.60009E-02 1.54776E-03 8.84630E-02 1.03539E-01 9.25029E-02 9.94987E-02
 
320. S.82935E-02 1.590932-03 9.070996-02 1.058772-01 9.469802-02 1.018894-01
 
330. 1.006036-01 1.65644E-03 9.294802-02 1.082582-01 9.68594E-02 1.04347E-01
 
340. I.02929E-01 1.74829E-03 9.51704E-02 1.10657E-01 9.8977V9-02 1.068 0E-01
 
350. 1.05272E-01 1.86929E-03 9.737042-02 1.13173E-01 1.01047E-01 1.09496E-01
 
360, 
 1.07631E-01 2.020982-03 9.95414E-02 1.157212-01 1.03064E-01 1.121992-01 
370. 1.10008E-01 2.20374E-03 1.01678E-01 1.18337E-01 1.05027E-01 1.149382-01 
380. 1.124002-01 2.41714E-03 1.03773E-01 1.21027F-01 1.06938E-01 1.17863E-01

390. 1.14810E-01 2.66024E-03 1,05825e-01 1.23795-01 1.087982-01 1.20822E-01
400. 1.17236E-01 2.93192E-03 1.07829E-01 1.26643E-01 1.10610E-01 1.23862E-01 
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Table F-29 

THERAL CONDUCTIVITY OF P0-3 GRAPHITE: PREIRRADIATION RUNS 1 THRU 4 

Input Data Calculated Data PMn Least Squares 

No. Fit Coefficients 
Temperature Thermal Cond Thermal Cond Residuals 

--- Tnd Tema idas 

(OK) (W/cm-°x) CI/cm-"K) (input-eak) 
T2
1 k CC1 + C2T + C3

8.220000D 01 1.9820006-01 1.925653E-01 5.634725E-03 C 
9.0299990 01 2.3040OOE-01 2.330306E-01 -2.630651E-03 I c -2.94177E-01 
9.7500000 01 2.588000E-01 2.678705E-01 -9.070516E-03 1 

9.9799990 01 2.776999E-01 2.787759E-01 -L.075923E-03 2 
1.269000D 02 3.770000E-01 3.991023E-01 -2.210230E-02 2 C2 = 6,76413E-03 
1.442000D 02 4.980000E-01 4.680414E-01 2.995861E-02 3 2 
1.4790000 02 4.601000E-01 4.819889E-01 -2.188891E-02 2 
1.520000D 02 5.384000E-01 4.971166E-01 4.128337E-02 4 C3 = -1.02516E-05 
2.116000D 02 6.568000E-01 6.780997E-01 -2.129972E-02 3 
2.266000D 02 7.057000E-01 7.121782E-01 -6.478250E-03 4 
2.655999D 02 7.800O00E-01 7.791913E-01 8.087158E-04 3 
2.875999D 02 8.101000E-01 8.032367F-01 6.863236E-03 4 

Statistical Terms
 

.. = 4(siduals)2/d.f. 

B = 2.169221E-02 e 


d.f. = 9 

t- 2.26
 

== 0.05
 

95% Confidence Limits 95% Confidence Limits 
Temperature k S I on Individuals on the Mean 

(0R) (W/cm-°K) Lower Upper Lower Upper 

80. 1.81342E-01 1.33652E-02 1.23760E-01 2.38925E-01 1.51137E-OL 2.11548E-01 
90. - 2.31556E-01 1.07846E-02 1.76807E-01 2.86305E-01 2.07183E-01 2.55929E-01 

100. 2.79719E-01 8.90916E-03 2.26721E-01 3.32717E-01 2.59584E-01 2.99854E-01
 
110. 3.25832E-01 7.85656E-03 2.73691E-01 3.77973E-01 3.08076E-01 3.43588E-01
 
120. 3.69895E-01 7.61414E-03 3.179386-01 4.21851E-01 3.52687E-01 3.87103E-01
 
130. 4.11907E-01 7.96486E-03 3.59682E-01 4.64131E-01 3.93906E-01 4.29907E-01
 
140.. 4.51869E-01 8.61045E-03 3.99123E-01 5.04614E-01 4.324096-01 4.71328E-01
 
150. 4.89780E-01 9.31706E-03 4.36424E-01 5.43135E-01 4.68723E-01 5.10836E-01 
160. 5.25641E-01 9.94371E-03 4.71711E-01 5.795716-01 5.03168E-01 5.48114E-01 
170. 5.594526-01 1.04164E-02 5.050686-01 6.13835E-01 5.35911E-01 5.82993E-01
 
180. 5.91212E-01 1.07013E-02 5.365476-01 6.45878E-01 5.670282-01 . 6.15397E-01 
190. 6.20923E-01 1.07933E-02 5.661656-01 6.75680E-01 5.96530E-01 6.45316E-01
 
200. 6.485826-01 1.070956-02 5.93908E-01 7.03256E-01 6.24379E-01 6.12786E-01
 
210. 6.741926-01 1.04921E-02 6.19734E-01 7.286506-01 6.50480E-01 6.97904E-01
 
220. 6.97751E-01 1.02146E-02 6.43563E-01 7.51939E-01 6.746666-01 7.208366-01
 
230. 7.19260E-01 9.99252E-03 6.65284E-01 7.73236E-01 6.96677E-01 7.41843E-01
 
240. 7.38719E-01 9.98579E-03 6.84749E-01 7.92688E-01 7.16151E-01 7.612876-01
 
250. 7.56127E-01 1.03785E-02 7.o01781E-01 8.10474E-01 7.32672E-01 7.79583E-01
 
260.- 7.714856-01 1.13299E-02 7.16177E-01 8.26794E-01 7.45880E-01 7.97091E-01
 
270. 7.84793E-01 1.291796-02 7.27734E-01 8.41852E-01 7.55599E-01 8.13987E-01
 
280. 7.96051E-01 1.51385E-02 7.36268E-01 8.55833E-01 7.61838E-01 8.30263E-01
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Table F-30 

THERMAL CONDUCTIVITY OF PO-3 GRAPHITE! POSTIRRADIATION RUNS I THRU 4 

Input Data Calculated Data Run Least Squareg 

NO. Fit Coefficients 
Temperature Thermal Conn Thermal Cond Residuals 

0
(OK) (W/cm- K) (W/cm-

0 
K) (input-calc) 2I lc= C + 2 T +C %T

1.655377E-03

8.3489990 01 5.5530006-02 5.387462E-02 I 

9.2679990 01 6.3629986-02 6.5515TOE-02 -1.885712E-03 I = -5 14522-02 
9.1859990 01 7.397997E-02 7.208151E-02 1.8984686-03 2' C1 
I.VO50000 02 7.154995E-02 7.5809366-02 -4.2594086-03 1 
1.2610000 02 1.001000E-01 1.079291E-01 -7.829070E-03 2 C= 1.25689-03-190896-02 
1.4450000 02 1.461C00E-01 1.113136-01 1.476634E-02 4 
1.4820000 02. 1.228000E-01 1.36446E-01 -1.3244636-0 2 C 
2.0340000 02 2.025000E-01 2.065079-01 4.00793603 

1.3450000 02 'I.298000E-01 1.186091E-01 312
 

5.57967-08 

2.2300000 02 2.347000E-01 2.316093E-01 3.090680E-03 4 
2.5220000 02 2.6520006-01 2,690804E-01 -3.884852E-03 3 
2.7770000 02 3.0440006-01 3.018894E-01 2.5105486-03 4 

Statistical Terms 

=4a. ,,du 2 /d.f.7) 

,= 8.531298E-03 

d.f. 9 

ta 2.26
 

a = 0.05 

Temperature k 957, Confidence Limits 957, Confidence Limits 

r Sp on Individuals on the Mean
0
( K) 4/cm-0 R) Lower Upper Lower Upper 

80. 4.945626-02 5.50770F-03 2.650666-0Z 7.24058E-02 3.700881-02 6.19036E-02 
90. 6.21 006-02 4.35656E-03 4.04709E-02 8.37691E-02 5.22742E-02 7.19658E-02 

100. 7.47949E-02 3.52273E-03 5.393510-02 9.56546E-02 6.6033SE-2d 8.27562E-02 
110. 8.74009E-02 3.069556-03 6.69901E-02 1.079726-01 8.05437E-02 9.441806-02 
120. 1.001786-01 2.993646-03 7.97449e-02 1.206116-01 9.341266-02 1.06944E-0t
 
130. 1.128876-01 3.181186-03 9.23091E-02 1.334646-01 1.056976-01 1.20076E-01 
140. 1.256066-01 3.48336E-03 1.047806-01 1.464326-01 1.17734E-01 1.334796-01 
150. 1.38337E-01 3.79325E-03 1.172366-01 1.594386-01 1.29764C-01 1.46910E-01
 
160. 1.51079E-01 4.051636-03 1.29134E-01 1.72423E-01 1.41922E-01 1.602356-01
 
170. .. 638321-01 4.22994E-03 1.42311E-01 1.85352E-01 1.54272E-01 1.73391-01 
180. 1.765966-01 4.31789E-03 1.549876-01 1.982066-01 1.66838E-01 1.86355F-01
 
190. L.893IE-01 4,317766-03 1.677626-01 2.109816-01 1.796136-01 1.99130E-01
 
200. 2.021586-01 4.24333E-03 1.806246-01 2.236926-01 1.92568E-01 2.11748E-01
 
219. 2.149566-01 4.12299E-03 j.9 3 541 -0j 2.363706-01 2.056386-01 2.24Z?4E-01 
220. 2.27764E-01 4.00409E-03 2.06466E-01 2.49063E-01 2.181156-01 2.36814e-01 
230. 2.405846-01 3.95861S-03 2.193306-01 2.61839E-01 2.31639E-01 2.49530E-01 
240. 2.534166E-01 4.07498E-03 2.320486-01 2.74783E-01 2.44206E-01 2.626251-01
 
250. 2.662586-01 4.438516-03 2.44524E-01 2.87992E-01 2.56227E-01 2.762896-01


2 0

- 260. 21791116-01 5.09419E-03 2.56655E-01 3.01568E-01 2.675996-01 .9062,E- 1 
270., 2.919762-01 6.041766-03 2.683506-01 3.156026-01 2.78322E-01 3.05630E-01 
280. 3.04852E-01 1.25583E-03 2.T954t1-01 3.30163E-01 2.88454E-01 3.21250-01 
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Table F-31 

THERMAL CONDUCTIVITY-OF P0-3 GRAPHITE: POSTIRRADIATION-ANNEAL RUNS 1 THRU 4 

Input Data Calculated bata Run Least Squares 

No. Fit.Coefficients 
Temperature Thermal Cond Thermal Cond Residuals 

(OK) (W/cm-°K) (W/cm-oK) (input-cale) 

5.631000-02 6.225829E-02 -5.948290E-03 1 k CI + C2T + C3 T 2 

B.192999D 01 
9.0789990 01 7.650000E-02 7.370692E-02 2.793074E-03 I 
9.765999D 01 9.441996E-02 8.271009E-02 1.170987E-02 -C1 = -3.49361E-02 
9.993999D 01 7.465994E-02 8.572239E-02 -1.106244E-02 2 
1;290000D 02 1.269000,E01 1.251779E-01 1.722038E-03 2 
1.416000D 02 1.367000E-01 1.428973E-01 -6.197333E-03 3 C2 1.09078E-03 
1.4870000 02 1.488000E-01 1.530451E-01 -4.245102E-03 4 -

1.488000D 02 1.705000E-01 1.531888E-01 1!731116E-02 2 
2.139000D 02 2.458000E-01 2.517301E-01 -5.930126E2-03 3 = l.6601E-O6 
2.2800000 02 2.6700002-01 2.743752E-01 -7.375240E-03 4 
2.607000D 02 3.372999E-01 3.286769E-01 8.623004E-03 3 
2.7959990 02 3.598000E-01 3.611994E-01 -1.399457E-03 4 

Statistical Terms
 

- 4f Residuals)2 /d.f. 

s, 9.589493E-03
 

d.f. -9 

= 2.26 

a= 0.05
 

95%. Confidence I its 95%. Confidence Limits.Tmperture S- on Individuals on the Mean(Ol) (w/ OK) Lower Upper LoWer j Upper 

80- 5.97887E-02 6.02543E-03 3.41933E-02 8.53840E-02 4.61712E-02 7.34061E-02 
90. 7.26786E-02 4.81139E-03 4.84315E-02 9.69257E-02 6.18049E-02 8.35524E-02 

.100. .8.58018E-02 3.94242E-03 ,6.23695E-02 1.09234E-01 7.68919E-02 9.47116E-02 
110. 9.91582E-02 .3.47877E-03 , 7.61040E-02 1.22212E-01 9.12962E-02 1.07020E-01
 
120. 1.12748E-01 3.40734E-03 8.97481E-02 1.35747E-01 1.05047E-01 1.20448E-01
 
,130. 1.26571E-01 3.60777E-03 1.03415E-01 1.49726E-01 1.18417E-01 1.34724E-01
 
140. 1.40627E-01 3.92877E-03 1.17206E-01 1.64047E-01 1.31748E-01 1.49506E-01
 
150. 1.54916E-01 4.26007E-03 1.31201E-01 1.78630E-01 1.45288E-01 1.64544E-01
 
160. 1.69438E-01 4.53916E-03 1.45461E-01 1.93416E-01 1.59180E-01 1.79697 -01
 
170. 1.84194E-01 4.7344SE-03 1.60024E-01 2.08364E-01 1.73494E-01 1.94894E-01
 
180. 1.99183E-01 4.83343E-03 1.74913E-01 2.23452E-01 1.88259E-01 2.10106E-01
 
190. 2.14405-01 4.83627E-03 1.90132E-01 2.3867TE-01 2.03475E-01 2.25335E-01 
200. 2.29860E-01 4.75499E-03 2.05670E-01 2.54050E-01 2.19114E-01 2.40606E-01 
210. 2.45548E-01 4.61551E-03 2.21497E-01 2.69600E-01 2.35117E-01 2.55979E-01
 

.220. 2.61470E-01 4.46203E-03 2.37567E-01 2.85374E-01 2.51386E-01 2.7L554E-01
 
230. 2.77625E-01 4.364042-03 2.53814E-01 3.01436C-01 2;67762E-01 2.87488E-01
 
240. 2.94013E-01 4.41382E-03 2.70155E-01 3.17871E-01 2.84038E-01 3.03988E-01
 
250. 3.10634E-01. 4.70792E-03 2.86491E-01 3.34777E-01 2.99994E-01 3.21274E-01
 
260. 3.27488E-01 5.31054E-03 3.02715E-01 3.52262E-01 3.15487E-01 3.39490E-01
 
270. 3.44576E-01 6.23463E-03 3.18726E-01 3.70426E-01 3.30486E-01 3.58666E-01
 
280. 3.61897E-01 7.45703E-03 3.34443E-01 3.89351E-01 3.45044E-01 3.78750E-01
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Table F-32 

THERMAL CONDUCTIVITY OF PO-3 GRAPHITE: CHANGE FROM PREIRRADIATION TO POSTIRRADIATION 

Input Data Calculated Data Run Least Squares-

No. Fit Coefficients
 
Temperature Thermal Cond Thermal Cond Residuals "
 0(OK) (/cm- K) (W/cm-°K) (inpht-calc) 

&k.CI+ G2T + C3T2"' 

8.3000000 01 -1.4870CCE-01 -1.434020E-01 -5.297959E-03 1 
9.2000000 01 -1.738002-01 -1.770259E-01 3.225923E-03 1 C = +2.47725E-01 
9.700000D 01 -1.8950002-01 -1.949629E-01 5.462945E-03 1 
1.000000D 02 -2.02580CE-01 -2.0547046-01 2.9703972-03 2 
1.260000D 02 -2.725000E-01 -2.885330E-01 1.603305E-02 2 C = -5.59326E-03
 
1.440000D 02 -3.58600CE-01 -3.376325E-01 -2.096742E-02 3 
1.4800000 02 r3.38200CE-01 -3.476096E-01 9.409606E-03 2 1 
1.520000D 02 -3.8480OE-01 -3.572470E-01 -2.755296E-02 4 C3. +I;06130E-05 
2.080000D 02 -4.4100CE-O1 -4.565113E-01 1.551127E-02 3 
2.250000D 02 -4.6409992-01 -4.734735E-01 9.3736056-03 4 
2.5300000 02 -4.899008E-01 -4.880407E-01 -1.859307E-03 3 
2.780000D 02 -4.93300C -1. -4.8&9847F-01 :-6.315231E-03 - 4 

Statistical Terms'
 

- e 4S(Residuals) 
2 /d f. 

s 1.48823E-02 -. 

d.f. -9 

2. 2 6 ta 

a = 0.05 

95% Confidence Limits 95% Confidence Limits
Temperature Ak S- on Individuals on the.Mai 

(OK) (W/cr 0OkK)
- ower Upper Lower Upper

,I I 
80. -1.31812E-Cl '93,362E-03 -1.71634E-01 -9.19902E-02 -1.53132E-01 -1.10492E-01 
90. -1.697032-Cl 7.52853E-03 -2.07395F-01 -1.320102-01 -1.86717E-01 -1.52688E-01 

100. 
 -2.05470E-1 6.157262-03 -2.41869E-01 -1.69071E-01 -2.19386E-01 -1.915552-01
 
110. -2.391166-Cl 5.41086E-03 -2.749042-01 -2.033286-01 -2.51344E-01 -2.26887E-01
 
120. . -2.70638E-Cl 5.27082E-03 -3.06319E-01 -2.34957-01 -2.82550E-01 -2.58726E-01
130. -3.000382-01 5.55406E-03 -3.359382-01 -2.64139E-01 -3.12591E-01 -2.,874862-01 
140. -3.273162-cl 6.02646E-03 -3.63603E-01 -2.91029E-01 -3.40936E-01 -3.13696E-01 

* 150. -3.52471-01 6.51596E-03 -3.89187E-01 -3.15754E-01 -3.67197E-01 -3.37745-01 
160. -3.75503E-01 6.92436E-03 ,4.125 99 

E-01 -3.38407E-01 -3.91152E-01 -3.598542-01
 
. 170. -3.964136-Cl 7.20323F-03 -4.33779E-01 -3.59046E-01 . -4.12692E-01 -3.80133E-01


3 77 7
180. -4.15199E-01 7.33460E-03 -4.52696E-01 - . 02E-01 -4.31775E-01 
 -3.98623E-01

190. -4.318642-C 7.322256-03 -4.9349E-01 -3.943802-01 • -4.484126-01 -4.15316E-01
 
200. 
 -4.464062-Cl 7.19018E-03 -4.83,59E-01 -4.09052E-01 -4.62655E-01 -4.30156E-01 
210. -4.58825E-01 6.98781E-03 -4.95982E-01 -4.21668E-01 -4.74618E-01 -4.43033E-01
 
220. -4.69121E-01 6.79694E-03 -5.06097E-01 -4.32146E-01 -4.84482E-01 -4.53760E-01 
230. -4.77296E-01 6.73991E-03 -5.14218F-01 -4.40373E-01 -4.92528E-01, -4.6Z063E-01 
.4240. -4.833478-01 6:96751E-03 -5.20484E-01 -4.462098-01 -4.99093E-01 -4.676006-01 
250. -4.87276E-Cl 7.61649E-03 -5.25059E-01 -4.49493E-01 -5.04489E-01 -4.70063E-01
240. -4.89082E-01 8.75751E-03 -5.281072-01 -4,500562-01 -5.08874E-01 -4.69290E-01 
270.' -4.887668-01 1.03869E-02 -5.297816-01 -4.47750E-01 -5.12240E-01 -4.65291E-01 
280. -4.863262-01 1.24620F-02 -5.30195E-01 -4.42458F-O1 -5.144906-01 -4.58162E-01
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Table F-33 

THERMAL CONDUCTIVITY OF PO-3 GRAPHITE: PREIRRADIATION RUNS I THRU 7 

Input Data Calculated Data Run Least Squares 

No. FitCoefficients 

Temperature Thermal Cond Thermal Cond Residuals 
(Ot) (W/cm-OK) (W/cm-o) (input-oalc)
 

k CC1 + C2T + C3T2
 

8.220000D 01 1.9820COE-01 Z.067994E-01 -8.599460E-03 1 C 
9.029999D 01 2.30400OE-01 2.465350E-01 -1.613504E-02 I 
9.750000D 01 2.588000E-01 2.809527E-01 -2.215272E-02 1 C = -2.57275E-01 
9.9799990 O 2.776999F-01 2.917681E-01 -L.406819E-02 2 
1.269000D 02 3.7700C0E-01 4.126729E-01 -3.567290E-02 2
 
1.442000D 02 4.980000E-01 .4.835604E-01 1.443952E-02 3 C 2 6.31934E-03
 
1.479000D 02 4.601000E-01 4.980846E-01 -3.798461E-02 2
 
1.520000D 02 5.384000E-01 5.139L69E-01 2.4483L4E-02 4 
1.7270000 02 6.537000E-01 5.896431E-01 6.405693E-02 5 C3 -8.l9548E-06 
1.791000D 02 6.984000E-01 6.116346E-01 8.67654EE-02 6 
1.860000D 02 7.686000E-01 6.34592I-01 1.340079E-01 7 
2.1160006-02 6.5680C0E-01 7.129487E-01 -5.614877E-02 3 
2.266000D 02 7.0570GOE-01 7.538694E-01 -4.816937E-02 4 
2.655999D 02 7.8000COE-01 8.430056E-01 -6.300563E-02 3 
2.6639990 02 8.304000E-01 8.445728E-01 -1.417279E-02 5 Statistical Terms 
2.7959990 02 8.695000E-01 8.689215E-01 5.785227E-04 6 
2.875999D 02 8.10100E-01 8.822892E-01 -7.218921E-02 4 

7.965999D 02 9.41300E-01 8.960721E-01 4.522783E-02 7 ' 2 
N.470000D 02 9.L700OOE-01 9.487274E-01 -3.172737E-02 5 S, - E(RResiduas)2/d.f. 
3.672998D 02 9.531000E-01 9.581725E-01 -5.072534E-03 6 
3.943999D 02 1.015800E 00 9.602554E-01 5.554414E-02 7 

s - 5.535446E-02 

d.f. - 18 

to . 2.10 

a- 0.05 

95%Confidence Limits 95% Confidence Limits 
Temperature k .onIndividuals on the Mean 

(0 ) (W/c-OK) Lower Upper Lower Upper 

80. 1.95821E-01 2.86628E-02 6.49177E-02 3.26725E-01 -1.35630E-01 2.56013E-01 
90. 2.45083E-01 2.50787E-02 1.17465E-01 3.72701E-01 1.92417E-01 2.97748E-01 

100. 2.92705E-01 2.19815E-02 1.67630E-01 4.17779E-01 2.46543E-01 3.38866E-01 
110. 3.38688E-01 1.94199E-02 2.15497E-01 4.61878E-01 2.97906E-01 3.79469E-01 
120. 3.83031E-01 1.74399E-02 2.61154E-01 5.04909E-01 3.46408E-01 4.19655E-01 
130. 4.25736E-01 1.60669E-02 3.04694E-01 5.46778E-01 3.91996E-01 4.59477E-01
 
140. 4.66802 -01 1.52833E-02 3.46208E-01 5.87395E-01 4.34707E-01 4.98897E-01 
150. 5.06228E-01 1.50144E-02 3.8578E-01 6.26673E-01 4.74698E-01 5.37759E-01 
160. 5.44016E-01 1.51406E-02 4.23501E-01 6.64530E-01 5.12221E-01 5.75811E-01
 
170. 5.80164E-01 1.55259E-02 4.59434E-01 7.00894E-01 5.47560E-01 6.12768E-01
 
180. 6.14673E-01 1.60465E-02 4.93643E-01 7.35703F-01 5. 80975E-01 6.48371E-01 
190. 6.47543E-01 1.66036E-02 5.26182E-01 7.68904E-01 6.12675E-01 6.8241IF-01 
200. 6.78773E-01 1.7L264E-O2 5.57093E-01 8.00454-01 6.42808E-01 7.14739E-01 
210. 7.08365E-01 1.75669E-02 5.86408E-01 8.30323E-01 6.71475E-01 7.45256E-01 
220. 7.36318E-01 1.78968E-02 6.14149E-01 8.58487E-01 6.98735E-01 7.73901E-01 
230. 7.62632E-01 1.810242-02 6.40329E-01 8.84934E-01 7.24617E-01 8.00647E-01 
240. 7.87307E-01 1.81835E-02 6.64952E-01 9.09663E-01 7.49122E-01 8.25493E-01
 
250. 8.LO343E-01 1.81519E-02 6.88008E-01 9.32677E-01 7.72224E-01 8.48462E-01 
260. 8.31739E-01 1.80323E-02 7.09482E-01 9.53996E-01 7.93871E-01 8.69607E-01 
270. 8.51496E-01 1.78634E-02 7.29349E-01 9.73644E-01 8.13983E-01 8.89009E-01 
280. 8.696141-01 1.76999E-02 7.47572E-01 9.91657E-01 8.32445E-01 9.06784E-01
 
290. 8.86093E-01 1.76137E-02 7.64106E-01 1.00808E 00 8.49105E-01 9.23082E-01 
300. 9.00933E-01 1.76929E-02 7.78896E-01 1.022972 00 8.63778E-01 9.38089E-01 

310. 9.14134E-01 1.80353E-02 7.91876E-01 1.03639F 00 8.76260E-01 9.52008E-01 
320. 9.25697E-01 1.87371E-02 8.02974E-01 1.04842E 00 8.86349E-01 9.65045E-01 
330. 9.35620E-01 1.98780E-02 8.12108E-01 1.05913E 00 8.93876E-01 9.77364E-01 
340. 9.43903E-01 2.15093F-02 8.19192E-01 1.06861E 00 8.98734E-01 9.89073E-01
 
350. 9.50548E-01 2.36516E-02 8.24137E-01 1.07696E 00 9.00880E-01 1.00022E 00 
360. 9.55554E-01 2.62991E-02 8.26857E-01 1.08425F 00 9.00326E-01 L.01078E 00 
370. 9.58920E-ol 2.94319E-02 8.27265E-01 1.09057F 00 8.97113E-01 1.02073E 00 
380. 9.606482-01 3.30231E-02 8.25289E-01 1.09601E 00 8.91299E-01 1.03000E 00 
390. 9.60735E-01 3.704642-02 8.20860F-01 1.10061F 00 8.82938E-01 1.03853E 00 
400. 9.59186F-01 4.14776E-02 8.13929E-01 1.10444E 00 8.72083E-01 1.04629E 00 
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Table F-34 

THERMAL CONDUCTIVITY OF PO-3 GRAPHITE: POSTIRRADIATION RUNS 1 THRU 5 

Input Data Calculated Data Run Least Squares 

No. Fit Coefficients 
Temperature Thermal Cond Thermal Cond Residuals 

(OK) (W/cm-°K) (W/cm-'K) (input-calc)I • ~~k + CT+CTI =C 1 

1 k 1 2 + C3 T5.858908-02 -3.059085E-03 


9.2679990 01 6.362998E-02 6.839478E-02 -4.7647952-03 1 
9.7859990 01 7.397997E-02 7.404119F-02 -6.121397E-05 -2 C = -1.80915E-02 
L.008000D 02 7.1549952-02 7.728416E-02 -5.734205E-03 I 
1.2610000 02 1.0010OOE-O 1.063367E-01 -6.2366728-03 2 C 7.84610E-04 

8.348999D 01 5.553000-02 


= 

1.3450000 02 1.298000E-01 1.164363E-01 1.336366E-02 3 2 = 
1.4450000 02 1.461000E-01 1.287546E-01 1.734537E-02 4 
1.482000D 02 1.22800-01 1.333937E-01 -1.0593712-02 2 1.60295E-06C3
1.9114000 02 2.165999E-01 1.904418E-01 2.615809E-02 5 
2.034000D 02 2.025000E-01 2.078148E-01 -5.314767E-03 3 
2.23000D 02 2.3470002-01 2.365897E-01 -1.889765E-03 4 
2.522000D 02 2.652000E-01 2.817426E-01 -1.654267E-02 3 
2.777000D 02 3.044000-01 3.234099E-01 -1.900989E-02 4 
3.097598D 02 3.922000-01 3.787540E-01 1.344597E-02 . 5 
3.877798002 5.301000E-01 5.272053E-01 2.8947002-03 5 Statistical Terms 

a 4-S(Reslduals) 2 /d.f. 

a m 1.364975E-02
e 

d.f. . 12 

ta = 2.18 

a- 0.05 

95% Confidence Limits 95% Confidence Limits
 
Temperature k on Individuals on the Mean' 

(OK) (W/cm-°K) Lower Upper Lower Upper 

80. 5.49362E-02 7.31174E-03 2.117942-02 3.89966E-028.869282-02 7.08757E-02'
90. 6.55073E-02 6.32704E-03 . 3.27096E-02 9.830502-02 5.17144E-02 7.930026-02 
100. 7.63990E-02 5.504212-03 4.431432-02 6.439982-02
1.084842-01 8.83981E-02
 
110. 
 8.76113E-02 4.863342-03 5.602252-02 1.192002-01 7.70091E-02 9.82t33E-02
 
120. 9.91442E-02 4.42064E-03 6.78660E-02 1.30422E-01 8.95072E-02 1.08781E-01
 
130. 1.109982-01 4.17839E-03 7.98782E-02 1.01889E-01
1.42117E-01 1.201072-01
 
140. 
 1.23172E-01 4.116 32-03 9.20916E-02 1.54252E-01 1.14198E-01 1.32145E-01
 
150. 1.356662-01 4.19343E-03 1.04537E-01 1.66795E-01 1.26525E-01 1.44808-01
 
160. 1.48482E-01 4.36129E-03 1.17243E-01 1.79720E-01 1.38974E-01 1.57989E-01
 
.170. 1.61617E-01 4.57581-03 1.30233F-01 1.930012-01 1.51642F-01 1.71593E-01
 
180. 1.75074E-01 4.80323E-03 1.435292-01 2.06619E-01 1.64603E-01 1.85545E-01
 
190. 1.888512-01 5.02029E-03 1.57146E-01 1.77907E-01
2.205562-01 1.99795E-01
 
200. 2.02949E-01 5.21215E-03 1.71097E-01 2.34801E-01 1.91586E-01 2.143118-01
 
210. 2.17367E-01 5.37041E-03 1.85390E-01 2.49343E-01 2.05659E-01 2.29074E-01
 
220. 2.32106E-01 5.49147E-03 2.00031E-01 2.641802-01 2.20134E-01 2.440772-01
 
230. 2.471652-01 5.57570E-03 2.15022E-01 2.79308E-01 2.35010E-01 2.593202-01
 
240. 2.62545E-01 5.62713F-03 2.30359E-01 
 2.94731E-01 .2.50278E-01 2.74812E-01
 
250. 2.78245E-01 5-65315E-03 2.460382-01 3.10453E-01 2.659228-01 2.90569E-01

260. 2.94Z67E-01 5.66503E-03 2.62049E-01 2.819172-013.264842-01 3.06616E-01
 
270. 3.106088-01 5.67789E-03 2.783802-01 3.42836E-01 2.98230E-01 3.22986E-01 
280. 3.27271E-01 5.71109E-03 2.95015E-01 3.595272-01 3.14820E-01 3.39721E-01
 
290. 3.44254E-01 5.78744E-03 3.11933E-01 3.76574E-01 3.316372-01 3.56870E-01
 
300. 3.61557E-01 5.932082-03 3.291122-01 3.486252-01
3.94002E-01 3.74489E-01
 
310. 
 3.791812-01 6.16982E-03 3.465262-01 4.11836E-01 3.65731E-01 3.926312-01 
320. 3.97126E-01 6.522282-03 3.64147E-01 4.30L05E-01 3.82907E-01 4.113452-01
 
330. 4.15391E-01 7.00512E-03 3.81945E-01 4.48838E-01 4.00120E-01 4.30662E-01
 
340. 4.33977E-01 7.62712E-03 3.998902-01 4.680642-01 4.17350E-01 4.50604E-01
 
350. . 4.52884-01 8.39062E-03 4.17955E-01 - 4.87812-01 4.34592E-01 4.71175E-01 
360. 4.72111E-01 9.293502-03 4.361122-01 5.08109E-01 4.518512-01 4.92370E-01 
370. 4.91658E-01 1.03309E-02 4.543402-01 5.28977E-01 4.69137E-01 5.141802-01
 
380. 
 5.11527E-01 1.149722-02 4.72621E-01 5.50432E-01 4.86463E-01 5.36590E-01
 
390. 5.31715E-01 1.278632-02 4.909432-01 5.72488E-01 5.03841E-01 5.59590E-01
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Table F-35 

THERMAL CONDUCTIVITY OF PO-3 GRAPHITE: POSTIRRADIATION-ANNEAL RUNS I THRU 5 

Input Data Calculated Data Run Least Squares
 

No. Fit Coefficients
 

Temperature 
(0 K) 

Thermal Cond 
(W/cm-OK) 

Thermal Cond 
(W/cm-OK) 

Residuals 
(input-calc) k TM C1 + C2 T + C3T2 

8.1929990 01 5.631000-02 5.905038E-02 -2.740383E-03 1 

9.078999D 01 
9.7659990 01 

7.650000E-02 
9.441996-02 

7.200581E-02 
8.207011E-02 

4.494190E-03 
'I.234984E-02 

1 
= -5.94608E-02 

9.9939990 01 7.465994E-02 8.541387E-02 -1.075393E-02 2 
1.2900000 02 1.269000E-01 1.2819002-01 -1.290083E-03 2 c = l.43228E.3 
1.4160000 02 1.367000E-01 1.468282E-01 -1.012820E-02 3 2 
1.4870000 02 
1.4880000 02 
1.8297000 02 
2.1390000 02 

1.4880002-01 
1.705000E-01 
2.1930002-01 
2.458000E-01 

L.573550E-01 
1.575033E-01 
2.084109E-01 
2.548406E-01 

-8.554995E-03 
1.299667E-02 
1.0889112-02 

-9.040594E-03 

4 
2 
5 
3 

C = 1.73460E-07 

2.280000D 02 
2.607000D 02 
2.7959990 0? 

2.670000E-01 
3.372999E-01 
3.598000E-01 

2.761165-01 
3.257240E-01 
3.545653E-01 

-9.116530E-03 
1.157594E-02 
5.234659E-03 

4 
3 
4 

2.965498D 02 
3.7380980 02 

3.757000-01 
4.991000E-01 

3.805364E-01 
5.001783E-01 

-4.836380E-03 
-1.078367E-03 

5 
5 Statistical Terms 

- CE(Reeiduals)7/d.f.e 

S = 9.624582E-03 

d.f. - 12 

ta - 2.18 

a. 0.05 

95%. Confidence Limits 97Cofdne Limits 
Temp erature k o Individuals on the Mean 

(OK) ' (W/cm-OK) kLower Upper Lower Upper 

80. 5.62318E-02 5.19690E-03 3.23869E-02 8.00767E-02 4.49026E-02 6.75610E-02 

90. 7.08495E-02 4.48153E-03 4.77048E-02 9.39941E-02 6.10797E-02 8.06192E-02 

100. 8.55018E-02 3.89129E-03 6.28703E-02 1.08133E-01 T.7018E-02 9.39848E-02
 
110. 1.00189E-01 3.44078E-03 7.79069E-02 1.22471E-01 9.26880E-02 1.07690E-01 

120. 1.14911E-01 3.14021-03 9.28406E-02 1.369816-01 1.08065E-01 1.21756E-01'
 

130. 1.29667E-01 2.98721E-03 1.07698E-01 1.51636E-01 L.23155E-01 1.36179E-01
 

140. 1.444582-01 2.96157E-03 1.22506E-01 1.664115-01 1.380022-01 1.50915E-01
 
1.81281E-01 1.65888E-01
150. 1.59284E-01 3.029392-03 1.37288E-01 1U52680"-01 


160. 1.74145-01 3.153562-03 1.52066E-01 1.96224E-01 1.67270E-01 1.81019E-01
 
1.89040E-01 3.30247E-03 1.66858E-01 2.11222E-01 1.81841E-01 1.96239E-01
170. 


180. 2.03970E-01 - 3.45286E-03 1.81679E-01 2.26261E-01 1.96443E-01 2.11497E-01 
2.18935E-01 3.58931E-03 1.96541E-01 2.41328E-01 2.11110E-01 2.26759E-01
190. 


200. 2.33934E-01 3.70247E-03 2.11453E-01 2.56414E-01 2.25862E-01 2.42005E-01
 

210. 2.489682-01 3.78765E-03 2.26420E-01 2.71516E-01 2.40711E-01 2.57225E-0V
 

220. 2.64037E-01 3.84379E-03 2.41444E-01 2.86629E-01 2.55657-01 2.72416E-01
 

230. 2.791405-01 3.87306E-03 2.56523E-01 3.01757E-01 2.70697E-01 2.87583E-01 

240. 2.942782-01 3.88068E-03 2.716555-01 3.16901E-01 2.858182-01 3.02738E-01
 

250. 3.094515-01 3.87522E-03 2.86832E-01 3.32069E-01 3.01003E-01 3.17899E-01
 
3.47272E-01 3.33092E-01
260. 3.246585-01 3.86878E-03 3.020452-01 3.16224E-01 


270. 3.39900E-01 3.87734E-03 3.17280E-01 .3.62521E-01 3.314482-01 3.48353E-01
 

280. 3.55177E-01 3.92028E-03 3.32522E-01 3.77833E-01 3.46631E-01 3.63723E-01
 

"290. 3.70489E-01 4.01916E-03 3.47751E-01 3.93226E-01 3.61727E-01 3.79251-01
 

300. 3.85835E-01 4.19521E-03 3.62947E-01 4.08723E-01 3.76689E-01 3.94981E-01
 

310. 4.01216E-01 4.46621E-03 33.78085E-01 4.24347E-01 3.91480E-01 4.109522-01
 

320. 4.16632E-01 4.84399E-03 3.93142E-01 4.40121E-01 4.06072E-01 4.27191E-01
 

330. 4.32082E-01 5.33384E-03 4.08094E-01 4.56070E-01 4.20456-01 4.43710E-01
 

340. 4.47567E-01 5.93559E-03 4.22916E-01 4.722182-01 4.34627E-01 4.60506E-01, 
4.63087E-01 6.64566E-03 4.37589E-01 4.88584E-01 4.48599E-01 4.77574E-01350. 


360. 4.78641E-01 7.45891E-03 4.52096E-01 5.051865-01 . 4.62381E-01 4.94901E-01 
5.12477E-01370. 4.942305r01- 8.37023E-03 4.66424E-01 5.22036E-01 4.75983E-01 
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Table F-38 

THERMAL CONDUCTIVITY OF P0-3 GRAPHITE: IML RUN P6 WITH LN2 BATH 

Input Data Calculated Dat& Run Least-Squares
 

I No. Fit Coefficients 
Temperature Thermal Cond Thermal Cond Residuals 

(Ox) (W/cm-°K) (ticm-"K) (input-cal.) 
2 

k - C1 + C2T + C3TSI 
3.Z12990 01 5.64a0c02-02 6.451088E-02 -8.030884E-03 1 
9.0429990 01 8.427995E-02 7.534620E-02 8.433759E-03 I CI = -5.20326E-02
 
9.6500000 01 1.0761C0-01 8.408451E-02 2.352548E-02 I
 
9.9390000 01 7.148999E-02 8.799165E-02 -1.6501672-02 2
 
1.281300t) 02 1.3806CC2-01 1.2631052-O1 1.174951E-02 2 U
 
1.281400D 02 1.0277C01-01 1.2cfl37E-01 -2.355373E-02 3 2 1.46744E-03
 
1.465000D 02 1.9254002-01 1.5029292-01 4.2247122-02 2
 
1.511100D 02 1.2968002-01 1.5624882-01 -2.656883E-02 4 C -5.89585E-07
 
1.609300D 02 1.3917C0-01 1.688574E-O -2.968246E-02' 5
 
1.842000 02 2.0165C0E-01 L.9728902-01 4.360914E-03 3
 
2.1841000 02 2.8488C0E-01 2.403451E-01 4.453492E-02 3 
2.2670000 02 2.3639002-01 2.503346E-01 -1.3944632-02 4 
2.4516000 02 2.4846002-01 2.722878E-01 -2.382785E-02 5 
2.753999D 02 3.2021C0-01 3.073319E-01 1.282805E-02 4 
'3.0C73000 02 3.3038C06-01 3.359482E-01 -5.5682062-03 5 Statistical Terms 

= 4E(Residuabs) 
2 

.d-f. 

= 2.579747E-02 

d.f. = 12 

t= 2.18 

= 0.05 

95% Confidence,Limitg 95% Confidence Limits 
Temperature k on Individuals on the Mean 

(°K) (W/cm-°K) Lower Upper Lower UUpper 

80. 6.1588B9-02 1.507d66-02 0.0 . 1.26729F-01 2.87175E-02 9.44602E-02 
90. 7.52609E-02 1.240462-02 1.28588E-02 1.37663E-01 4.82190E-02 1.02303E-01 

100. E.88i51E-02 1.03294E-02 2.82360F-02 1.49394E-01 6.62571E-0Z 1.11333E-01 
110. 1.0225E-01 8.94t1)1-03 4.273032-02 1.61772E-01 8.275792-02 1.217452-01
 
120. 1.157CE-01 8.27262E-03 5.65104E-02 1.746292-01 9.75353E-02 1.33604-01
 
130. 1.287702-01 8.21935E-63 6.97460E-02 1.87794E-01 1.108522-01 1.466882-01
 
140. 1.418522-Cl 8.567352-03 8.259382-02 2.01111&-01 1.23176E-01 1.60529E-01 
150. 1.54817E-01 9.093,18E-03 9.51872E-02 2.144472-01 1.34994E-01 1.74640E-01 
16C. 1.676642-01 9.6329§E-03 1.07632E-01 2.27695E-01 1.46664E-01 1.88664E-01 
170. 1.80392E-01 1.00871E-02 1.200082-01 2.40777E-01 1.58402E-01 2.02382E-01 
180. 1.93003E-01 1.04034E-02 1.32364E-01 2.53642E-01 1.70324E-01 2.15683E-01

Lq0. 2.05496E-01 1.05622E-02 1.44727E-01 2.66266E-01 1.824712-01 2.28522E-01
 
200. 2.17871E-Cl 1.05691E-02 1.57096E-01 2.78646E-01 1.94830E-01 2.40912E-01 
210. 2.30122E-01 1.04554E-02 1.69446E-01 2.90810E-01 2.07335E-o1 2.529212-01
 
220. 2.42267E-01 1.02783E-02 1.81729E-01 3.02805E-01 2.198612-01 2.64674F-01
 
230. 2.542892-01 1.01303E-02 1.93869E-01 3.147082-01 2.32204E-01 2.76373E-01
 
240. 2.66192E-01 1.01409E-02 2.05764E-01 3.26619E-01 2.44085E-01 2.88299E-01
 
250. 2.77977E-01 1.046392-02 2.17289E-01 3.38666E-01 2.55166E-01 3.007882-01
 
260. 2.89645E-01 1.124o4P-02 2.282942-01 3.50995E-01 2.65128E-01 3.14162F-01
 
270. 3.01194E-01 1.258262-02 2.38623E-01 3.63766E-01 2.737641-01 3.28624E-01
 
280. 3.12626E-01 1.44974E-02 2.481152-01 3.77136E-01 2.81022E-01 3.44230E-01
 
290. 3.239402-01 1.696732-02 2.566272-01 3.91252E-01 2.869512-01 3.60928F-01
 
300. 3.35135E-01 1.9S4812-02 2.64045E-01 4.06226E-01 2.91649E-01 3.786222-01 
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Table F-39 

THERMAL CONDUCTIVITY OF P0-3 GRAPHITE: IML RUN P7 WITH LN2 BATH 

Input Data Calculated Data Run Least Squares 
No. Fit Coefficients 

Temperature 
(OK) 

Thermal Cond 
(W/es-OK) 

Thermal Cond 
.(W/cm-0K) 

Residuals 
(input-calc) 

k = C1+ C2T + C3T2 

8.2o0"Q0P 
9.046000D 

01 
01 

6.886995E--02 
P.762?q7F-C2 

7.05772 r-02 
8.26Qq46r-02 

-1.707256E-03 
4.c31509E-03 

I 
C = 

-
-7.81010E-02 

9.55300°D 
q~g0 6 089n 

1.2306000 
1.2M1o 

0 
0 

01 
0) 
C' 
0z 

i.o'qSOCF-C1 
0.00499PF-02 

1.404CCF-01 
1.77960CFrO1 

0.2 P857F-O2 
c.6;ft66F-02 

1.35607?F-01 
1.174 94E-01 

I.246142E-0? 
-6.331682F-03 

4.6427R5E-OA 
-Q.A34Q72E-o2 

1 

2 
3 

2 

02 l.98534E-03 

1.427700D 0? 
1fl46P0Of 02 
1.553800D 0' 

I.-? OnCE-01 
1.561100F-C1 
].'O07CCE-CI 

1.618n06=-01 
1.6PO23F-01 
1.79624 

7 
E-01 

2.16P-16E-02 
-1.1-7231E-02 
-1.69S471E-02 

? 
4 
5 

C3 = -2.10233E-06 

1.7500n00 02 2.04760CF-01 2.05n621F-01 -3.011''KE-04 
1.800700D 02 1.0749CE-01 2.12 0PF-01 -2.0480RI-02 6 

2.008400D 02 2.714400E-01 2.45-'1 -01 7.550970E-02 3 
2.151600n 02 2.A5ASCCE-01 2.517199-01 -6.0eo2F-03 4 
2.I0Rq0o 
2.6231900 

0 
02 

2.61 8800'-01 
3.21790CF-01 

2.682186F-01 
2.9R732PF-01 

-6.?3596E-03 
2..05716E-02 

5 
4 

Statistical Terms 

2.7687900 02 2.8140CF-Ct 3.1042o9F-01 -2.PC'09AE-02 6 

2.846500D 02 
3.4q61990 02 

3.3083OCE-C] 
'.5105q9E-0J 

3.166-13E-01 
3.900270F-01 

2.311870E-02 
-7.077038F-03 

5 
6 8e - ;esldul-)2/dofo 

se - 1.698424E-02 

d.f.  15 

ta - 2.13 

a - 0.05 

Temperature k SK 
95% Confidence Limits 

on Individuals 
95% Confidence Limits 

on the Mean 
(OK) (W/cm-K) Lower Upper Lower Upper 

0. 
90. 

100. 
110. 

- 6.7271'E-02 
9.15 08E-02 
q.q40q7E-02 
P.1484-E-01 

.97A-IF-03 
7.64382-01 
6.54319E-03 
5.70348F-03 

2.63527F-02 
4.38796E-02 
6.0641E-02 
7.66865F-02 

1.08190F-01 
1.23222E-01 
1.R178E-01 
1.53010E-01 

.81507E-02 
6.72699-02 
9.54727F-02 
1.02700E-01 

8.63919E-02 
9.98315E-02 
1.133476-01
1.26997F-01 

120. 1.2-0A6E-C1 9,t44572-03 q.20667E-02 1.67666E-01 1.18908E-01 1.10824E-01 

lO. 1.444640-01 4.861322-03 1.06835E-01 " 1.82093E-01 1.34109E-01 1.54818E-01 

14n. 1.58641E-01 4.81144P-03 1.?C041F-01 I.Q6741-01 1.48393E-01 1.68089E-01 

150. 1.723QE-01 4.07402P-01 1.4731F01 2.10064F-01 1.61907E-01 1.82888E-01 

360. 1.95734F-C1 8.12844F-03 1.47O44F-01 ?.73523F-01 1.74810E-01 1.96657E-01 

170. 1.0P6S0E-Ct 5.36707F-03 1.t071IF-01 2.365R6F-01 1.87228E-01 2.10071E-01 

180. 2.11142F-01 5.5R4688-01 1.73063E-01 2o40227E-01 1.9Q249E-01 2.23040E-01 

1q0. 
200. 

2.23220F-Cl 
2?4874E-Cl 

5.77113F-03 
5. 087-03 

I.250125-01 
1.96571E-01 

7.61427F-03 
2.73177E-01 

2.10027F-01 
?.22288E-01 

2.35512E-01 
2.47460E-01 

21D. ?.46109-01 5.9Q440P-03 2.07744E-01 2.R4471E-01 7.33339E-01 2.58876E-01 

'20. ?.5601E-01l 6.03376F-O 2.152V]F-01 2.99313E-01 2.44069E-01 2.6q773E-01 

230. 2.67314E-01 6.04007E-03 2.28q182-01 2.05710f-01 2.54449E-01 2.80179E-01 

240. 2.777P6E-01 6.0q566F-02 2.38294F-01 3.'15679F-01 2.64430E-01 2.90142E-01 

P50. 2.812322-01 F.05214F-03 2.42434E-01 3.25243F-01' 2.73947E-01 2.99729E-01 

260. ?.9570F-Cl 6.12902E-03 2.5710-E-01 3.34431E-01 z.8?ql3E-01 3.09027E-01 

270. 3.046F2F-01 6.?15152-01 2.66085E-01 3.41277F-01 2."1230E-01 3.18132E-01 

280. 3.12977E-Cl 6.65384 -03 ?.7411RE-01 3.Sl825E-01 7.98800E-01 3.27144E-01 

2Q0. 
300. 

3.2024F-01 
3.42q1F-01 

7.191-2F-03 
7.9224qr-03 

?.81564E-01 
?.s827,F-01 

A.60170E-01 
q68210F-01 

3.05544E-01 
1.11416E-01 

3.36139E-01 
3.45166F-01 

310. 3.35121F-01 8. 923?F-03 2.044"4F-01 ?.76145E-01 3.16401E-01 3.54240E-01 

320Z 3.412 C-0C 1.00571--02 2.002pRF-01 3.83972E-01 3.20507E-01 3.63351E-01 

330. 3.401175-01 1.1"20 -02 3.04-0'2-01 1.91733F-01 1.t?755E-01 3.72480E-01 
34n. 2.531P8-Cl I.3013r-02 3.02?IF-01 0.45O-01 3.26167E-01 3.81603E-01 

350.. 3.Sq3'r-ri 1.477212-02 3.112A7E-01 4.07178E-01 3.2776E-01 3.90697E-01 
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Table F-36 

THERMAL CONDUCTIVITY OF PO-3 GRAPHITE: fIML RUN P4 WITH LN2 BATH 

Input Data Calculated Data Run Least Squares 

No. Fit Coefficients 
Temperature

(K) 
Thermal Cond 

(W1/cm-K) 
-Thermal Cond 

(/cm-K) 
Residuals 

(input-calc) 

k =C 1 + C2 T + 
C3 T

2 

A.214n900 
0.240000 

01 
1 

A.'?30092-02 
7..07qnG9-02 

6.561165F-02 
7.651 61E-? 

-2.?75662F-03 
2.6122QF-03 

I 
C = -5.24246E-02 

0.7oo0n00 01 q.1Aq0CC(-r2 8.536077E-02 8.R023?-0 3 "j 

0.05600 01 

I.?P1100 02 
1.220l0n 0? 

t.1e4qgFF-C 

1.1775CCF-CI 
1.0980C-01 

a.ASqSl51-02 

1.24659qG-01 
1.147917F-01 

-6.-49193E-03 

-A.08536F-03 
2.862911F-04 

2 
3 
2 

C2 = 1.53496E-03 

1.4n71000 02 
1. 01 0000? 

J.A2'40CF-0I 
.44269SF-01 

l.494a 5-01 
I .1" 21 50'-O1 

1.275766F-02 
-5.945Q74F-01 

2 
4. C3 - 1.19182E-06 

1.qo'5n0P 0? .530CC8-C1 l.619772-01 -6.A07771F-03 5" 
I.R2800 0 1.8q6002F-CI 1.88q%502-01 -2.705041F-03 3 
1.0740OD 0? 2.151003%-Cl ?.04182Og-n 1.0q1200-0? 6 

2.2' "00 0' 2.44860qE-0] '.sq04IE-Ol 1.57582F-02 3 

1.74210n 02 ,.'3480CF-C12.31.~354F-01 -A.1554652-03 4 
7.414100D 0' ?.3861)CF-01 '.4Q671'F-0] -1.004183E-02 5 Statistical Terms 

?.76q290P 02 ?.P6490CF-Cl ?.817904F-01 5.2395462-0S 
3.0n600n 02 1.0OOCCF-C1 3.015R502-01 -1.G505CF-03 5 
3.j488000 
4.0aO0qn 

02 
02 

3.C6650C 1-01 
3.7608nC-01 

3.117425F-01 
3.73021AF-fl 

-6.0n'54PE-01 
2.15"344-03 

6 
6 a.= 4(RsSidUAls) /d.f. 

= 8.385058E-03 e 

d.f. - 15 

to  2.13 

a- 0.05 

95% Confidence Limits 95% Confidence Limits 

Temperature 

(OK) 
k 

(W/-.K) 
on 

Lower 
Individuals 

Upper 
on 

Lower 
the Mean 

Upper 

P0. 
.n. 

100. 
1,0. 

6.2 74 43 -0 2 
7.e0( 7q'-C2 
q.,57qF-r2 
1.0200n-01 

4,7R64F-0I ~......... 
1.274875-03 
?.3963P--03 

4.76"34F-02 
53E0 

6.-9780F-02 
8.3104iF-fl 

8.2795'-0? 
.. .962?7E-02 
1.0 12 

7 F 
-01 

1.20895E-01 

5.16308E-02 
6.81051 -02 
8.21774E-02 
9.58305E-02 

7.185782-02 
5.40306E-02 
9.61284E-02 
1.08169E-01 

i20. 
130. 

1.14608F-Cl 
1.26 

0 
7RE-C1 

7.61031r-03 
'.4?050F-03 

9.5o0?5F-02 
1.081--E-01 

1.33314E-01 
1.45568F-01 

1.09048E-01 
1.21922E-01 

1.20168E-01 
1.32134E-01 

140. 1.1-1105-Cl '."312-0' 1.?1577F-01 1.57643F-01 1.34161E-01 1.44058F-01 

150. .qln0C-1 2.fl5'?F-03 1.32' '-01 1.69526E-01 1.46093E-01 1.55913E-01 

160. 1.6565 P-01 7.14691 -03 1.441172-01 1.81204E-01 1.57660E-01 1.67656E-01 

170. ,740758-Cl 2.4258P-C03 1. 5492E-01 1. 5667E-01 1.689082-01 1.79242E-01 

IRO. 1.95251C-Cl '.5244A'-03 l.66601F-01 2.030055-01 1.79876E-01 1.90630E-01 

1-0. 1.06J-IC-Ci 2.628?0F-0I 1.'7476F-01 2.149102-01 1.905952-0 2.01791E-01 

200. ?.06F94F-0 .72717F-01 1.8R8132-01 2.25675F-01 2.01085E-01 2.12703E-01 

'I0. 7.17'57F-012.414979-03 1."9518E-01 2.36197E-01 2.113611-01 2.23353E-01 

'20. 2.27582E-Cl 2.8A840F-01 2.086-2F-01 2.46472P-01 2.21430E-01 2.33734E-01 

230. 7.3756RP-Cl ?.04615F-0I 2.186302-01 2.56499E-01 2.31293E-01 2.438442-01 

,40. '.4717-01 2.08c70-803 2.28355F-01 2.66278F-01 2.40q48E-01 2.53685E-01 

250. '. 6?8A2-CI 3,02153'-0' 1.37P42?F-01 2.75R1IE-01 2.50390-01 2.63262E-01 

260. ?.66CC-¢1 2.04618-03 2.470.5P-01 2.850OF-01 2.59609E-01 2.72586E-01 

270. 2.75'30F-01 1.07017--03 2.56111F-01 2.94150E-01 2.68591E-01 2.81670E-01 

280. 2.8305-Cl. 3.10195E-03 .648RF-01 3.0206RE-01 2.77318-01 2.90532E-01 

200. 2.021S-0t 3.15143F-03 2.7C0.IF-01 I.115612-01 2.85769E-01 2.99194E-01 

I0. .nl079 -01 3.1297-1-0? ?.81660F-01 3.1q038F-01 2.93920E-01 3.07679E-01 

310. .0s07q-CI 3.14847-03 2.09647F-01 3.28110E-01 3.01746E-01 3.16011E-01 

370. 3.16720F-01 3.5179SP-03 2.973 ]C-01 3.36088F-01 3.092262-01 3.24213E-01 

330. '.2432?r-CI 1.74687F-03 3.04760F-01 1.41885E-01 3.16342E-01 3.323032-01 

A40. 1.31687-0l 4.040O7F-01 3.118612-01 1.51513E-01 3.23080E-01 3.40294E-01 

190. 3.3PP13E-0 4.403205-03 3.186402-01 3.58986P-01 3.294342-01 3.481922-01 

160.- 1.45701E-Cl 4.814228-03 1.25095F-01 3.66316E-01 3.35404E-01 3.55997E-01 

370. 3.523"W--01 5.31796F-03 3.3118;F-01 3.73516F-01 3.40q9I-01 3.63709E-01 

'80. 
,. 

1.5876'F-01 
2.649'C.t 

q.8q74RF-05 
6.52545F-03 

3.36026F-01 
'.42'02F-01 

3.80596E-01 
1.9754 5-01 

3.461992-01 
1.51034E-01 

3.71322E-01 
3.78833E-01 

100. 2.70N688-C 7.?1452C-n 3.47306F-01 3.04429E-01 3.555012-01 3.86234E-01 

110. 1.Ty 6 UF-Cj 7.O6?555-13 3.51O5?2-01 4.01193E-01 3.59603E-01 3.935242-01 
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Table F-37 

THERMAL CONDUCTIVITY OF PO-3 'GRAPHITE: IML RUN P5 with LN2 BATH 

Input Data Calculated Data Run Least Squares 

No. Fit Coefficients 
Temperature Thermal Cond Thermal Cond Residuals 

(oK) (W/cm-OK) (W/cm-OK) (input-calc) 
T + C3 T

2 

k = 1 + C2

8.2130000 01 A.?40000F-C' A.30'ASF-O2 -5.Sq5fl0F-04 1
 

Q.n450qfl 01 7.P95o94F-02 7.51o169F-021 3.7AR65F-0 1 G = -6.80715E-02
 
0.7200q0D 01 9.42599Er-O? Q.404413t-02 .'1548F-03 I
 
q.0olqrqq 01 0.100PE-0? 8.793741F-02 -6.317437E-03 2
 

n
1.?71'0f C? 1.18170CF-C1 1.?66057F-n -P.42q?49F-0 	 C2 1.71298E-03 
1.277P000 01 1'47ICCE-C1 l.Z74O11C -01 -Q.j07R90F-o5 2
 
'.47000M 0' 1.AaZ2Cr-01 1.53'63'F-01 -7.543206E-03 4
 
1.4701000 0' 1.66129CF-1 1.n3Of5?E-1 1.2'1478E-02 2 03 l.4289 I06
 
1.56110 02 1 .6P1lhCF-01 I.6'6C4E-01 -6.A10437E-0' 5
 
1.81220n 01 1.8c750cE-01 1.05127AC-01 -%A7T7A7SF-03 I
 
i.0411.111 0? .1 767rcF.-l 2.1"q1tC-01 A.(1lIA4F-03 6
 
2.187700Q 0' 2.51970C0-01 7.30qq4r-oi 1.36P15qF-0-I
 
?.100o700 n, ?.'1]P20-Cl .90 0 7r-n -7.77170E-O0 4 
2.35°00n q' ?.tP30C -C] 2.56-'76-01 -P.!'2637E-n' q Statistical Terms
 
Z.70bqq6 0' 3.?1Iq0F-01 2.C000A8-0] l.317036r-0? 4
 
2.o?'03fl 0' 3.161O9E-01 3.107745E-01 4.P45440E-03 5
 

1. nO8 1.j412qqr-(q 	 -1.1"o11F-02? 3.2 ,.qq,-01 
I.Q771qOD 02 1.P717ncr-I 71 5.77747-04 s R= 2 d.f.... -01 	 4E(esiduals)
e 


a = 8.687984E-03 

d.f. = 15 

to = 2.13 

- 0.05 

95% Confidence Limits 95% Confidence Limits
 
Temperature k S- on Individuals on the Mean
 

(OK) /ci-OK) k Lower Upper Lower Upper
 

qQ 0flW'74q]0~r0 3.0031? -06115F-02 5.03471E-02 6.92.963F-02 
on. 7.4 221P-C2 3.07' 708-0 5.41607F-02 0.4783PF-02 &.62 11E-02 8.27734F-02 

I1c. P.PO 'ZF-Q2 3024r--3 4.00797F-02 1.09796F-01 	 9.61420F-026. 	 0.17324E-02 

110. 1.f0A48-CI ?.rPI53F-03 P.35001C-02 1.1263F-01 0.67113E-02 1.09421E-01 
120. l.lIr1 0 8-0.l 1.6A',I1-01 q.75404F-0? 1.36?770cO1 1.11l90E-01 I.?7629E-01 
1,P. ].sr-4 7r-Cj ?.4-116 -n, 1.11716 -01 °4lP-] i.?5161c-01 1.35773F-01 
140. 1.h'7'n'-C1 2.306A2-O0 t.2414'F-01 1.61935F-0l 3. 2634S-01 1.4qR44E-01 
150. 1.67?50-1 2.3 0A0=-0' 1.31s24r-o 1.75q15-01 1.51642E-01 1.61807E-01 
1A0. 1.o42qr-rc ?. 43 6 R 3-00 1 1.--644E-01 1.64234E-01 1.74615E-01J."0r-0I 

2.4 I.(060F-01170. 1.qiRor-0 .q~,ct-03 	 2.q1111-01 1.76460E-01 1.87219E-01 
1PO. 1. C63r-fl 2IC-	 2.13049-11 1.9957qF-01.. ... 1.74t"F-0l 1.88361g-01 
"00. ?.05P1IF-C1 1.7411 7r-nj 1.A64052l01 1.259216P-1 I .0970F-01 2.11651E-01 
'00. 2.]7'6-F-Cl .4 cl-0 1.07Pq9F-01 1.36940-01 2.11307E-01 2.23428E-01 

210. 	 2.20%?OC-01 '. '0te-0' 2.00l060-01 ?.4PI77F-01 2.22?872-01 2.34800E-01 
2n. A.'fl?4F.,C '.2i04IF-01 2.33215E-01 2.46034F-013.O0qn0C-p0 	 2.5Q20s8-o 
23 . 2. 0'2r-CI 3.0t67?r-02 2.2 8-01 1.69q4PP-01 2.43792E-01 2.56856E-01 
240. .An7'qF-Cj 3. 1007P-03 2.41P8r-1 2.Ro3q?-01 ?.54114E-01 2.67362E-01 
?5n. 1.7(,6F-C] '.14'0'4-0' ?.q1!8P-l1 P.qO5440-01 7.64173E-01 2.77558E-01 
'60. 2.-C70'r-CI 

2 
.16 

0 
q5P-q3 ,.61eio-01 3.00407F-01 2.73957F-01 2.37450E-01 

270. ?.-076-r-0l 2.2,P078-3 2.7044r-01 3.00006F-01 2.3344SE-01 2.97081E-01 
?AO... 0f-nR 0 2.1441F-0 2.707-?F-01 .1029- '.92625E-01 3.06446E-01 

29P. 3.0P2n0F-CI 7.21340r-l ?.8715F-01 3.2 326E-01 1.01461E-01 3.15578E-01 
300. 1.1720-01 '.42005r-03 2.0711?F-01 1.'7107r-01 '.000352-01 3.24504E-01 
jl0* '.6,- "-C1 1.q7640c--3 2.0'.21 -0| '.4564F-01 3.18015E-01 3.33251E-01 

,£n. '.271-01 3.70311r-Q' 3.13860F"-1 '.59953E-01 1.256RIE-01 3.41840E-01 
,a0. .41(02-c1 4*.7771r1-f 2.211608-01 1.6045P-01 3.32017E-01 3.50288E-01 

340 . .4q150-(1 4,424078-Q2 2.2AAl1r-19 1.69030F-01 3.39712F-01 3.58605E-01 
'50. 3.0AA2qF-m1 4.A'08-fl 3.352I30-Q' 3.771Q0F-01 1.46061E-01 3.66794E-01 

'60. 3.6341 FF-C] 5,27147 -0' 341 70-0j 1.95170F-01 3.519722-01 3.74854E-01 
'70. 	 '.71 18-01 C.048478-03 3.4768.0- 3.0?5102-01 3.57442E-01 3.82782E-01 
0QO. 1.7 6 929r-J S.9 4"1F-03 3.0320?8-3! 3.0075PF-01 3.62477E-01 3.90572E-01 

300. 2.76298-CI 7.3n0p'6-o' 3.59.708-0I 4.04814F-01 3.670052-01 3.98218E-01 

4.0. 	 0.flPAI8-'3 1.q04c3=-012.63213F-1 4.11773P-01 1.71270E-01 4.05717F-01 
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Table r-40 

THERMAL CONDUCTIVITY OF P0-3 GRAPHITS: 3M RUN P8 WITH ICE-WATER BATH 

input Data Calculated Data Run Least Squares 

Pit Coefficients
 
Tperature Thermal Cond Thermal Cond Residuals
 

No. 


(OK) (W/cmo-) (W/cm-oK) (inphlt- Ica) 
2

k = + C2T + C3T1 

2.70A11 fl 4,07A73Cr-, .Ol4&g'-A] -',744?3E-02 I C = 2.322139-0l 

,..1$,42O039E-0? 

C 3.31626E05 

0O.0P I) ' l ¢04Flcr-tI'A4' 1 C3' r-OA A 6.61229E-076Ct1 = 

1. 1. 3 A.I3,. 1. 46I1 37 1f757t4T-Pj lF-0) 

2'' 'O 0? 3 .4465FOr-QI A.14A7- F01 P.0'OGF0-04 4
 

n,.c7rF1 .5T4'TC-flI 1.1 74474C-02 A. StatiatfeaI Ters 

92 3,0740'F=1 'ASO-0 4 

4.A1AO. 01'.7o4I 01 4.712 fl0-01 4 

47.~n" 4.t7A4' 
1 

11l -4.2l3nC-0l4) 

,abke 3.S44rr 3,30fl40 d 
onth-MeTe0)16000 0? a, Z.150149E-O2 

ta 2.13A,'5000.l '.co~wcr-ci xflA,7l.r-O1 -2,?"'3'F-o 4.S3FO ',947-1 56F0 

"' A.rcO~a-CI~ ,3)7AQOOF.0 .27t4007E-O? A,77F , 0 -r 3 69E0 

a0.05 

7400.0 3.e470CFr-1 e. R3T :OI -A.015420-01 &.41p£O .ZTFO .49E 
95 CS.onfidence Limts - 95% Confidence Lb16itg* 

Temperature. k onIndividuals9 on the Mean . 
(ox) ' W/cm-OK) Lower perLowerupef 
,7,. '.o rrwF-r' l.141A .~~f0 .$3S5?F-0I 7.81164E-01 3.24577E-01 
)6P. '* O71'1F rl ."j1-' 2 4(F. 2.5411 pr-6 2.905g02-01 S.2412 7E-01 
,on. . ~.2 ?6l5O .5q73201 .AOP2E01 1.2560'7E01

1 
- '0.-'~~~F-1 ''jle'-f' .6071 ,.tAc.I ?040B26-01 3. 292632-01 

''P ~ t0741.A 1.745902-01 '.11050E-oy 3.41120E-01.e~4FC1 .75&lCr-01 

"0. '.'IU64F-r' 7,7l.e0 ?.OA11 0 .I902110-01 $ .t55379-01 5.47791E-01 
'4". '3:AS; ll4~vl )20OFfI 33?F-01 '3.194R7F-01 3,54365F-01 

'40. 'S.'20-C! 2,07Or01 1.7,2961F-01 3.60679E-01',Al0"'S~' -'.06F1-

1.AOAI..tA t.0~22~fl t73712-0l i.,q0012-01 1.66603E-01,,445.>IA 
4i(4-0! 4,92AA .3 .0'4nfif 4.010642-Q1 1.144565E.-01 3. 72446E-01 

'.4?)~-0 9iVS~-f' .0%80RF-1 4.017859-0I 3.40544E-01 3.1R444-01 
* '"4~Jl-C~ 46~''"3 1l4'4~01 4.]46102-01 '.46726F-01 3.83713F-01 

0 
* A'.,77414! , ~1t1.dl .?l ~~C' 4.2066!F-0l1 ',57787E-CI 3.897422-01 

4 

* ~ ,,7~qF91 4,2710A5'C1 3,98304F-01 3.96620E-01',~4f'C~9,c0t,~<,A 
42" '.'7'r-1 .445420' '.'4'-O1 4..1?1RE-01 3,6277I-01 4.04693E-01 

C 0',4-f1.2'~'' '.'5?'01 4.41q401-01l A,6t23?F-0l 4,14?35E-O1 

4403 ,0PO-4 13796rFl2n 3.4207)r..01 4,91750F-01 A.68320E-01 4.25317E.-O1 
440. aJtS-C .A0 Pnr-0? $.4S'flF-0l 4,60747F-01 '.69246E-01 4.37823e-VI 

"0O. 11.10'04P-0' j,)37404f1 b52e0 4.720'9C.C1 l.691056-01 4.5166PE-01 
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Table F-41
 

THERMAL CONDUCTIVITY OF PO-3 GRAPHITE: RIL RUN P10 WITH BOILING-WATER BATH.
 

Input Data Calculated Data 	 Run Least Squares
 

No. 
 Fit Coefficients' "
 

Temperature 
(OK) 

Thermal Cond 
(W/cm-OK) 

Thermal Goad 
(W/cm-OK) 

Residuals 
(input-calc 

Ik CI + C2T + C3 T2 

3.744299' 02 
t.9n43a09 02 

3.396000E-01 
4.04100F-01 

3.66?902F-01 
3.760573F-01 

-?.660019E-02 
2.885264F-0? 

I 
1 C = -l65345E-00 , 

3.820-990 0? 3.3826CCE-01 3.7862R4F-01 -4.036838E-02 2 
3.855898D 0? 
3.9401980 02 
4.00890qn 02 
4 .1713090 02 
4.30 392 02 

4.A163CCE-C1 
3.5070002-01 
3.097O0CE-C 
4.5452C00-01 
3.OS080Ce-C1 

3.P38574E-01 
3.q54q04F-01 
4.039416E-01 

- 4.201691-01 
4.297Q63F-01 

7.777262F-02 
-4.479045E-02 
-4.241645E-03 
3.435087E-0? 
-3.081638E-02 

1 
3 
2 
2 
a 3 

C2 = 

= 

9.10369E-03 

-9.90711E-06. 
4.6361gP 02 4.43670CF-C1 4.317347F-01 5.935311E-03 3 

Statistical Terms
 

aS - 4(Res'duals) 2 /d.f. 

s = 4.727940E-02
e 


d.f. - 6. 

ta - 2.45 

a= 0.05
 

957. Confidence Limits 957. Confidence Limits 
Temperature 	 kS on Individuals on the Mean' 

(°K) (WLom- 0 K) Lower Upper Lower Upper 

?.66541E-01' 4.507252-01370. ?.5P&3AF-C1 3.75A882-0? 2.10651E-01 5.06615E-01 
' 
 5.03883F-01 3.19697E-01 4.31035E-01
380. 3.75366F-01 2.27221E-0? 2.46e49F-01 


4.34331F-01390. A.qo9lqE-C1 1.80458P-02 2.661?33-0 5.14104E,01 3.45906E-0l 


400. 4.028O0F-£C 2.14807F-02 2.75661F-01 9.30120F-01 3.50262E-01 4.55518E-01
 
5.456112-01 3.50525E-01 4.76834E-01
410. 4.13679F-Cl- 2.57773F-02 ?.A1747E-01 


420. 4.22487F-C! 2.7932!F-02 2.2794RF-01 5.57026E-01 1.54054E-01 4.90921E-01
 
'430. 4.293142-Cl 2.82218F-02 2.044122-01 5.64215F-01 .60170E-01 4.98457E-01 

-

440, 4 341SE-C1 2.8226CF-02 2.092512-01 5.60065E 01 3.65005E-01 5.03312E-01
 

2.97987F-01 	 3.60126E-01 5.13919E-01
450. 4.3702?2-Cl 3.138619-02 	 5.76057E-01 
460. 4.37qC42-CI 4.07200F-02 2.85010E-01 5.00778E-01 3.38140E-01 5.17668E-01
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Table F-42 

T ERMAL CONDUCTIVITY OF PO-3 GRAPHITE: f4L RUNS P7, P8, AND PI1 

Input Data Calculated Data Run Least squares 
No. Fit Coefficients 

Temperature 
(0 K) 

Thermal Cond 
(W/cm-0K) 

Thermal Cond 
(W/cm- 0 K) 

Residuals 
(input-calc) 

8.3009900 01 6.937796E-02 8.050483E-02 -1.112688E-02 I k = 1 +.C 2 T + C3 

8.9469990 01 8.762699E-02 8.972120F-02 -2.094209E-03 1 
9.5539990 01 l.049500E-01 9.827685F-02 6.573141E-03 1 C = -4.81155E-02 
9.806q99D 01 9.005398F-02 1.0181302-01 -1.1758982-0? 2 
1.239600D 02 1.40340CE-01 1.369897F-01 3.350317-03 2 
1.251900D 32 1.278600E-01 1.386151E-01 -1.075512E-02 3 C2 = l.66336E-03 
1.4227000 02 1.834906E-01 1.6075692-01 2.273309E-02 2 
1.468300D 02 
1.750900D 02 

1.561100E-01 
2.04760C2-01 

1.665129E-01 
2.010562E-01 

-1.042289E-02 
3.701773F-03 

4 
3 

C33 
-1.37217E-06 

2.098400D 02 2.7144002-C1 2.4050332-01 3.093672E-02 3 
2.151600D 02 2.45650CE-01 2.462499E-01 -5.998611F-04 4 
2.6311990 02 3.21790OE-cl 2.945491E-01 2.724087F-02 4 
2-745398D 02 2.86609SE-01 3.0511952-01 -1.8509512-02 5 
2.764900D 02 3.13500C6-01 3.068888F-01 6.611228E-03 5 
2.780398D 02 2.876700E-01 3.0828732-01 -2.D6173TE-O2 6 Statistical Terms 
2.7826980D 02 3.38380C-01 3.0849432-01 2.988565b-0Z T 
2.8542990 02 3.18370CE-01 3.14865Q9-01 3.504038E-03 6 
2.876899D 02 2.90999SE-01 3.1684792-01 -2.584791E-02 7 I . 
,2.9216990 02 3.469300E-01 3.207350E-01 2.6194932-02 6 Se 4 L( Rsiduals)2/d.f. 
3.0511990 02 2.9861002-01 3.3166192-01 -3.3051912-02 8 
3.0979q8D 02 
3.294700D 02 

3.304000E-01 
3.67570CE-01 

3.554976F-01 
3.5096162-01 

-5.097568E-03 
1.660842E-02 

7 
7 s 2.27060E-02 

3.528399D 02 3.446800E-01 3.67Q5412-01 -2.327418-02 8 e 
3.7442q9 02 3.396000E-01 3.823206F-01 -4.272062E-02 9 
3.804399D 02 4.049100E-01 3.860922E-01 1.8817782-0? 9 
3.820999D 02 3.382600E-01 3.871164E-01 -4.885638E-02 10 d.f. 30 
3,855898D 02 4.616300E-01 3.892451E-01 7.238489E-02 9 
3.9401980 02 3.507000E-01 3.9424912-01 -4.3549122-02 11 
3.9495000 0? 3.8474992-01 3.947893E-01 -1.003-39E-02 8 to = 2.04 
4.0089990 02 
4.171399D 02 

3.99700CE-01 
4.54520CE-01 

3.q81887E-01 
4.069722F-01 

1.511335E-03 
4.75477SE-02 

10 
10 

4.308398D 02 3.989800E-01 4.138194E-01 -1.4839412-02 11 a- 0.05 
4.636199D 02 4.4367002-01 4.281116E-01 1.555842E-02 n1 

95% Confidence Limits 95% Confidence Limits 

Temperature k SI on Individuals on the Mean 
(oK) (W/cm.-K) Lower Upper Lower Upper 

90. 7.61713F-02 1.25341E-02 1.494442-02 1.373982-or 5.06016E-02 1.017412-01 
100. 1.04499F-01 1.02699F-02 4.50525E-32 1.63945E-01 8.35480E-02 1.254492-01 
120. 1.317292-01 8.561962-03 7.341899-02 1.900382-01 . 1.14262E-01 1.491952-01 
140. 1.57860E-01 7.45136F-03 1.00189E-01 2.15532E-01 1.42659E-01 1.730612-01 
160. 1.82894E-01 6.90739E-03 1.25506E-31 2.402832-01 1.68803E-01 1.96985E-01 
180. 2.06831r-C 6.79346E-03 1.49499E-01 2.641632-01 1.929722-01 2.206892-01 
200. 2.29670F-01 6.91373E-03 1.72277E-01 2.87062E-01 2.155662-01 2.43773E-01 
220. 2.51410E-01 7.09216F-03 1.939?8F-31 3.08893E-01 2.369422-01 2.65878E-01 
240. 2e72054r-C1 -7.20923E-01 2.1451IE-01 3.295972-01 2.57347E-01 2.86761E-01 
260. 
280. 

2.q]599F-01 
3.10047E-01 

7.19925E-03 
7.03960F-03 

2.34061E-01 
2.525912-1 

3.49137F-01 
3.67503E-01 

2.769132-01 
2.956862-01 

3.06286E-01 
3.244082-01 

300. 3.27397E-01 6.747222-03 2.70087E-01 3.84706E-01 3.13632E-01 3.41161E-01 
320. 3.43649F-01 6.386832-03 2.86512E-01 4.00786E-01 3.306202-01 3.566782-01 
340. 1.58804E-01 6.09049E-03 3.01801E-31 . 4.158062-01 3.46379E-01 3.71228E-01 
360. ?.72860E-01 6.07053E-03 3.158672-31 4.29854E-01 3.604772-01 3.352442-01 
380. 3.85P192-Cl 6.569962-03 3.28596E-01 4.43043E-01 3.72417E-01 3.99222E-01 
400. 3.976812-01 7.7344]E-03 3.39854E-01 4.555072-01 3.81902E-01 4.13459E-01 
-420. 4.084442-01 9.554482-03 3.49497E-0i 4.67392E-01 3.889532-01' 4.279352-01 
440. 4.15110C-01 1.194632-02 '3.57374E-01 4.788462-01 3.93740E-01 4.424802-01 
460. 4.266782-01 1.48301F-02 3.633522-01 4.900042-01 3.964252-01 4.56932E-01 
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Table F-43 

THERMAL CONDUCTIVITY OF P0-3 GRAPHITE: IML RUN P11 WITH LN2 BATH 

Input Data Calculated Data Run Least Squares 

I No. Fit Coefficients 
Temperature Thermal Cond (input-a)Thermal0Cond Residuals

(W/cm- K)
(W/cm-oK)
(OK) 
= 1 + Cg + C3 T2
 

Ik 

0 0 0 8. -3 90 01 7.025099F-02 9.049088E-02 -1.123089F-02 I 

8.717000P 01 1.082300F-P1 1.016005E-01 6.6295272-03 1 C = -5.39659E-02 
9.2000000 01 1.3320992-01 1.1021252-01 2.29q7442-02 I . 
9.446999D 01 9.439922-o2 1.146163C-01 -1.5176300-02 2 
1.167500D C2 1.6584CCE-01 1.5433002-01 1.150O95F-02 2 C2 1.78614E-03 
1.182600D 02 1.3P0ICCF-CI 1.5702OE-01 -1.901096F-02 3 
1.31R600n 02 2.2216CC2-CI 1.8125362-01 4.0O0643E-02 2 
1.373900D C2 1.6656992-01 1.9110512-01 -2.4535182-02 4 C3 = -1.73274E-08 
1.458400D 02 1.17110CF-01 2.061566E-01 -2.904660E22 5 
1.6217000 02 2.41880CE-C1 2.3523712-01 6.642878E-03 3 
1.912500D 02 3.2205CCF-C1 2.8700012-01 A.104q84E-02 3 
1.9765000 02 2.84250C2-01 2.0838222-01 -1.'13P?82-02 
2.134000D 02 2.P8H00CF-01 3.2640782-01 -2.7607862-02 5 
2.378400D 02 3.8543CC2-01 3.699056F-01 1.5924392-0? 4 
2.5R76080 02 4.02560(2-Cl 4.07C7352-01 -4.5135022-03 5 Statistical Terms 

Be= TJ(iesduals)/d.f. 

= 2.499143E-02 

d.f. - 12 

t, - 2.18 

a . 0.05 

95%Confidence Limits 95% Confidence Limits 
Temperature k ; .on Individuals on the Mean 

R) (W/cm-°K) kLower Upper Lower Upper 

80. 8.881462-02 1.417282-0? 2.618222 2 1,514472-01 5.79179E-02 1.19711F-01 
90. 1.066472-01 1.11737E-02 4.696782-02 1.663252-01 8.22878E-02 1.310052-01
 

100. 1.244752-Cl 9.09960F-03 6.64946E-02 1.824552-01 1.0463RE-01 1.443122-01 
110. 1.423002-C1 8.0682nF-03 8.50499F-02 1.995502-01 1.24711E-01 1.59889E-01 
120; 1.601222-Cl 7.967842-03 1.02 RE-01 2.17305F-01 1.427522-01 1.774912-01 
130. 1.77940E-Cl 8.432562-03 1.20441F-1 2.354392-01 1.595572-01 1.963232-01 
140. 1.95754F-Cl 9.08190F-03 1.37787E-01 2.53722E-01 1.75956E-01 2.15553E-01 
150. 2.135662-01 0.670012-03 1.59148F-01 2.71983E-01 1.92485E-01 2.34646E-01
 
160. 2.31373F-Cl 1.00730F-02 1.72632E-01 2.01140-01 2.09412E-01 2.533342-01 
170. 2.491782-Cl 1.024q62-0? 1.902922-01 3.080632-01 2.26833E-01 2.715222-01
 
180. 2.669762-Cl 1.02120 -02 2.061242-01 3.25832E-01 2.44716E-01 2.89240E-01 
190. 2.847762-Cl 1.003002-0? '2.260702-01 '.434812-01 2.629102-01 3.066412-01 
200. 3.025692-01 9.83918C-03 2.440182-01 3.611212-01 2.811202-01 3.24019E-01
 
210. 3.203602-Cl 9.854R2F-03 2.61796F-01 3.78924F-01 2.98876E-01 3.418432-01
 
220. 3.381472-Cl 1.034841-02 2.79179F-01 3.Q71142-01 3.155872-01 3.6C7062-01
230. 3.559302-Cl 1.156282-02 2.959002O-I 4.159602-01 3.307232-01 3.811372E-01 
240. 3.73710E-01 1.361152-02 3.11672E-01 4.35748E-01 3.44037E-01 4.033832-01 
250. 3.91487E-Cl 1.6478R-02 3.262282-D1 4.567462-01 3.555632-01 4.27411E-01
 
260. 4.092602-Cl 2.009042-02 3.393572-1 4.791632-01 3.654632-01 4.53057E-01 
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Table F-44 

THR AL CONDUCTIVITY OF P0-3 GRAPHITE: DL RUN P12 WITH L 2 1ATH 

Input Data Calculated Data Run "Leas Squares 

No. Fit Coefficients 
Temperature Thermal Cond Thermal Cond Residuals 

(OK) (W/c- 0 K) (W/cm- 0K) (input-oale) 

k=C1I+ C2T + C3T2 

$.OPOQOO 01' 7. e4Sn6F-C? o.41I4eF-02 -9.56171F-03 I 
%79OqDP 0l 1,C$5A0CF-O 1.014GOQt-01 7.08-139F-03 I C 1 = -7.50037E-02 
9,lj

n
ilon (1 1,334CCF-O1 I.102R6F-01 2.2663358-0' 

1 

0,44?0QCC 01 5.oioocr-C2 IIA740F-01 -1.66R40OP-02 2 
1.16OqnD 0' I.E 46qcF-C 1.5A610F-Ot 6.85ae4Te-O3 2 C2 - 211138E-03 
1.10 2Cm'qP 1.37R40CF-C1 l.AI?R1F-01 -2.?.4413T-0? 3 
1.110700D C? 2.2160CC-Cj1.8S70'37E.I)1 ?.456634F-O? 2?9523EO 
I .4401100 P? *Th4nqc;QF 10~q16rt01 -110697O5-0? 4 3=9.24E0 
1.6211001 02 2.412500f-C1 '.4222'1'-1l -

0
.316206E-04 3 

1.'11100' 02 3.?71Ccr-C' 2..3P?71F-01 ?.310254E-01 3 
2.*1 I, C2OU40C1O 35?C-01 -2.654523 E-O? 4~002 1.3' 

2,5650Q01 0? 4.C7A2CCr-r] 4.01 A61F-01 3.7NI0015-03 4 

Statistical Terms
 

S 4FY(Res'duals) /d'f.e 


a = 2,476342E-02 

d.f. = 9
 

ta - 2.26 

.= 0.05 

95%. Confidence Limits 95%. Confidence Limits 
Temperature k S- on Individuals on the Mean
 

(OK) (W/cm-'K) Lower Upper LowerUpper
 

Ps. P.70O61F-P? 1.42l97E-0' 2.1bIF-02 1.5?35BE-01 5.56470F-02 1.19965E-01 
A. 1,07?c0-Cl 1.11350r-o0 4.50A66F-7O? 1.666nl-o1 .213'42E-02 1.3?464E-01 

100 t.?A6Cr-cl 9.1 4 6A2r-D0 6.60410F-0 I.Rb26I-01 1.O930oW-l 1.47274F-01 
lie, 1.45714F-Cl 4.383R7P-A? R.65?s-0O2 '.04800C-011 1.26767F-01 1.64662E-01 
1n0, 1.64L35F-Cl 8.620 4F-0-i 1,0576r-Ol 2.21qq5V-01 1.4515%E-01 1.8411SF-01 
1'0. I q3(V6-CI 9.1735E-c- 1.23115F-01 2.41707F-01 1.6718?F-01 2.04550E-01 

'}0... .20?54r-Ct .llfl0C-A? l.1004 F-01 2.$I14SW-01 1.9545*E-01 2.45052E-01 
It's. 2.3P415r-C I.1474E-P7 h'.77lE-0l 3.0010AP-C1 2.1245W-01 2,64376E-01 
770. .5t3Psr-Cl l.7TIF-V I.IF-O1 3.A336e-01 2.2980OF-01 2.82956E-01 
Inn. 1.74160-C1 b.1',?r-oQ 2.1?144F-0l 3.6177fr-01 ?.474410-01 3.00680E-01 
100. ?.01147F-C1 1.1774SE-P 2.207.74E-01 3.5371RE-01 2.65134E-01 3.183600-01 
209. 3.00143F-01 ],177qnP-2 2.47170F-01 1.711160-OX .4?252r-01 3.357620-01 
71P. '.?A

3 . -?6%-C h20 qr- 2.640q8F-0l, 1.88600r-01 7.99089f-01 3.5360SE-01 
??. .41'&4F-CI 1.lP874"Fl?7 .S0?73F.O1 4.04454F-01 ?.14238E-01 3.7 489E-Ut 

NI0. .AOIpnr=Cl t.44704F-O2 ."5'6W-01 4.2nO000.01 3.27425G-01 3.92001E-ol 
74O. 3.76022F-Cl I 04-l .95EO .44588*-0l 1.38609E-01 4. 15034F-01 
250. '.93)65-01 2.n1 934-0? 3.?lf19f-O1 4.A5479C-01 3.47627E-01 4.38902E-01 
740. 4,r517F-I 7.47477C-07 1.311"F-01 4'.q7876F-01 3.54672E-01 4.64362E-01
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Table F-45 

THERMAL CONDUCTIVITY OF PO-3 GRAPHITE: Ifi RUN P13 WITH LN2 BATH 

Input Data Calculated Data Run Least Squares 

No. Fit Coefficients 
Temperature

(OK) 
Thermal Cond

(Z/cm-°K) 
Thermal Cond 

(W/cm-°K) 
Residuals 

(input-calc) 

I = C1 + C2T + 
C3 T

2 

8.087GOOD C1 
8.703q4q90 0? 

7.999Q99E-02 
L.0874C0E-01 

8.9261388-02 
1.01 6"qF-01 

-9.30?39]F-03 
7.0910912-03 

I 
I = -8.22670E-02 

9.184000n C1 I,3360CF-Cl 1.112342F-01 2.236575F-O? 1 
9.439000D 01 9.S2qg9CE-e 1.1629718-01 -1.616708C-02 2 
1.1663000 02 l.66670CF-01 1.59'4275-01 6.027252F-03 2 C2 - 2.22519E-03 
1.1771001) 02 l.?864n9E-01 1.612OIF-01 -2.'17011E-O2 3 
1.317200D C? 72.32h0or-01 1.8A4956E-01 3.4764415-07 2 
1.4'1100D 02 1.78O1CCE-Cl 2.1351q3F-01 -3A.208'8E-O2 4 C3 = -1.28753E-06 
1.610800D C2 z.4367"F-.1 2.4?7586E-01 .?21'090F-04 3 
1.8-7700D 02 3..G31CF-C1 2.nI601IF-01 3.667096F-02 3 
2.118Q000 02 3.02300CF-CI 3.3142108-01 -?.ot?098F-07 4 
2.5659qqD 0' 4.C8ARCCE-01 4.C393qqE-01 4.44006qE-03 a 

Statistical Terms 

s e C1(esiduals) 2/d.f. 

-, 2.614312E-02 

d.f.= 9 

ta = 2.26 

a- 0.05 

95. Confidence Limits 95% Confidence Limits 
Temperature

(or) 
k 

(W/cOK) 
S-

k 
on 

Lower 
Individuals 

Upper 
on 

Lower 
the Mean 

Upper 

n0. O.75077E-C? 1.90?F-0P 1.03?UAE-07 1.95649F-01 5.35613F-02 1.21454E-01 
qO. 1.075718-Cl l.174 0--n? 4.27c50F-02 3.72347E-01 P.10179F-02 1.34124E-01 
100. 
I,0. -

1.273768-Cl 
1.46524F-rl 

9. 6449A8- 0 1 
q.85?o-03 

6.440n6F-02 
8.tS"50F-0? 

1.-0352E-01 
2.09291F-OI 

).0558Of-01 
1.26o57E-01 

1.49173F-01 
1.66892E-01 

12o. 1.A6215F-0I Q.08557=-03 1.03665F-01 2.?4765F-0I I.45682F-01 1.86748F-01 
130. 1.°5?4qF-C1 Q.PS4?0F-0' 1.2208IF-01 2.49413E-01 1.62910-01 2.07586E-01 
140. 
150. 

2.04021E-Cl 
?.2242F-Cl1 

1.079AAF-01 
1.In

85 
7R 

-0
2 

1.41r93F-01 
1.57-17F-01 

2.67949E-01 
2.87166E-01 

1.79619E-01 
1.96359F-01 

2.28428F-01 
2,48724E-01 

160. 2.40807F-Cl 1.21375F-07 1.75f61-nl 3.05943F-01 2.13371E-01 2.68233E-01 
170. 2.5P80*S-Cl 1.2430OF-n 1.O3sOF-O 3.24210E-01 2.307068-01 2.86904F-01 
I8. 2.76551F-C1 1.?5101F-01 2.1105F-01 3.420508-01 2.48278E-01 3.04823e-01 
10. 
?00. 

2.94038E-Cl 
'.112692-01 

1.2468Cr-n? 
1.247P48-Y' 

?.2Pn7 r-0l 
2.490OOF-0l 

1.594988-01 
'.767'88-0J 

2.6585q9-01 
2.8'067E-0t 

3.222188-01 
3.39471E-01 

?In. 31.824F-C 1.?77RF-1? 7.6'117F-01 I.04007E-01 2.993608-01 3.57124E-01 
2?0. .44C57F-Cl 1.364618-0? 2.7R 0qF-01 4.1160nF-O1 '.14117E-01 3.75798r-01 
'30, '.61419F-Cl 1.S204ir-02 P.02O-3E-01 4.20S788-01 3.26828E-01 3.96003E-01 
?40.- 3.76160-0 1.7859CF-0? '.060&IF-C1 4.49171F-01 3.372538-01 4.1797qE-01 
2s0. '. 3 5F-C1 2.11076F-0? 3.17337E-01 4.697818-01 3.45404F-01 4.41714E-01 
160. 4.00244F-C1 '.55987' -n2 3.26 72E-0l 4.91917F-01 3.514188-01 4.6707WF-01 

350
 



Table F-46 

THERMAL CONDUCTIVITY OF P0-3 GRAPHITE: IML RUN P14 WITH BOILING-WATER BATH 

Input Data Calculated Data Run Least Squares 

No. Pit Coefficients 
Temperature 

(G/ 
--

Thermal Cond 
oWcmK) 

Thermal Cond 
(Wc-K) 

Residuals 
(input-caic) 

k =C I + C 2 T+ 3 T
2 

4.O$170D 02 
4.131109D 0' 
4.415O 0OP 

2.27640CF-Ct 
2.-O0209E-01 
3.05810CE-0I 

?.8 7 7127c-01 
?.896206F-01 
1.048'89E-01 

-7.373095E-05 
4.00305]E-04 
9.615097F-04 

I 
2 
I 

Cl = 7.34761E-02 

4.6527980 07 3.05460C0-0 3.087541F-01 -. ?A1?0E-O3 2 
4.0C38q9D 
5.]4759FD 

C2 
02 

3.4PfZCCE-Cl 
3.2265eCCE-0l 

3.201776E-01 
3.292144E-01 

4.542410E-03 
-?.564490E-03 

I 
2 

C2 = 6.62046E-04" 

C3 = -3.36089E-07 

Statistical Terms 

s a Jl(Residuals) 2 /d.f. 

se - 3.614691E-03 

d.f. = 3 

to - 3.18 

a= 0.05 

Temperatur'e 
(OK) 

k 
(W/cm-0K) 

u 
-Kon 

957%Confidence Limits 
Individuals

Lower Upper 

957 Confidence Limits 

on the MeanUpeLower j Upper 

2.84520P-Cl 3. 58967F-01 2.6SA20F-01 1.00720E-01 2.73105E-01 2. 95935F-01 
410. 
470. 
430. 
440. 

2.PR4JPE-01 
?.92249F-C 
2.96C 35-Ci 
?.9

0 
709E-Cl 

. 2.57996P-03 
2.05q?9;-03 
2. 015'7-03 
2.21893F-03 

*2.742Q6E-01 
2.79021E-01 
?.S285?F-01 
2.8.6222F-01 

3.02540C-01 
3.05477E-01 
3.0917 3E-01 
3.13197E-01 

2.80219E-01 
2.85704E-01 
2.89604F-01 
2.92653E-01 

2.96622E-01 
2.98794F-01 
3.0Z'Z2E-Ol 
3.06765E-O1 

450. 
460. '.06CIF-Cl 

23.O3'39-Cl2. 38174F-0 
2. 44409'-03 

2.P973F-0]
2.0 3025E-01 

3.17104F-01 
;.70776E-01 

2.95765E-01 
?.99129E-oI 

3.10912E-01 
3.14673E-O1 

470. '.10?5E-01 2.18317W-03 2.96627E-01 3,741642-01 1.02817E-01 3.l7974F-0 
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Table F-47 

THERMAL CONDUCTIVITY OF P0-3 GRAPHITE: IML RUN P15 WITH BOILING-WkTER BATH
 

Input Data Calculated Data Ru Least Squares 

No' Fit Coefficients, 
Temperature Thermal Cond Thermal Cond Residuals. 

(0K) (W/cm-oK) (W/cm-°K) (input-cal) 2
 

k CI.+ GTC 
3T 

3.8431980.02_ 4.L]4OCE-01 4.0045579-01 2.04315E-03 1 
3.9856980 02 4.0051ooE-01 4.75q027F-O1 -?. 39277E-02 2 C =. -1.47741E-00 
4.006099D 02 4.47650CE-01 4.?79446E-01 1.970536F-02 1 
4.029500D 02 4.162qOCE-Cl 4,301896F-01 -1.?8962E-02 3 
4.156609D 02 4.F1699SE-01 4.4C5890E-01 1.111099E-02 1 G2 = 8.53076E-03 
4.313?98D 02 4.3548CCF-C1, 4.4920R7E-01 -1.372868F-02 2 
4.3q2q80 -02 4.30659SE-01 4.518143E-01 -2.115434E-02 3 
4.616799D 02 4.6815g8-Cl 4.527419F-01 1.53O606E-02 2 = 9.42221E.06C3 
4.744900D 02 4.44910CF-01' 4.490783F-01 -4.118323E-03 3
 

Statistical Terms
 

S. =4S(Residual) 2 /d.f. 

2.520163E-02
 

d.f.= 6 

ta - 2.45 

a'- 0.05 

- .- 95% Confidence Limits 95% Confidence Limits. 
Tamprature on Individuals on the Mean 

SOK)- -/-° Lower Upper Lower Upper
 

380. 4.03713F-01 2.4377IF-02 . 3.17810F-01 .89616E-01 3.43989E-01 4.63438F-01 
390. 4.16471E-01 1.54447-02 3.44054E-01 4.89887E-01 3.78631E-01 4.54310E-01
 
400. 4.27342F-C 1.08597-02 3.60114F-01 4.Q4571E-01 4.00746E-01 4.53939F-01 

..410. 4.3633I-Cl 1.096988-02 3.689gIF-01 5.03670E-01 4.09455E-01 4.63207E-01 
420. 4.43433F-Cl 1.26549F-02 3.74342F-01 5.12524E-01 4.124288-01 4.1437E-1
 
430. 4.48652E-Cl 1.35q17F-02 3.78'01F-01 5.18803E-01 4.15353E-01 4.81952E-01 
440. - 4.5]C86-C! l.35037F-02 3.815378-01 5.22035E-01 4.18902E-01 4.85070E-01 
450. 4.5'437E-C . 1.29295'-02 3.P404!F-01 5.7"831F-01 4.21759E-01 4.851148-01 
460. 4.53C02E-C1 1.36669F-02 3.8?764F-01 5.23240E-01 4.19519E-01 4.86485E-01 
4'0. 4.50683E-Cl 1.8150o0-o? 3.74593F-01 5.26773F-01 4.06215E-01 4.99150E-01 
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Table F-48 

EFFECTIVE LORENZ RATIO OF ALUMINUM: PREIRRADIATION
 

Temp Lorenz Ratio, 95% Confidence Limits 95% Confidence Limits
 
(OK) (10-8 W-ohm/0K2) on Individuals on the.Mean
 

Lower Upper Lower Upper
 

80 2.210 1.996 2.424 2.129 2.291 

100: 2.206 2.021 2.391 2.154 2.258

126' 2.323- 2.064 2.400 2.A94 2.270 

140 2.272 2.115 2.429 2.237 2.307 

160 2.318 2.168 2.469 2.282 2.355 

*180 2.367 2.221 2.512 2.328 2.406 

200 2.414 2.273 2.556 2.374 2.454
 

220 2.460 2.322 2.597 2.420 2.500
 

240 2.501 2.367 2.636 2.463 2.540
 

-
260 2.539 2.407 2.670 2.501 2.577:
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Table F-49 

EFFECTIVE.LORENZ-RATIO OF ALUMINUM: POSTIRRADIATION
 

Temp Lorenz Rao 95 Confidence Limits 95% Confidence Limits
( (lQ_8 wLoR/OK2) on Individuals on the Mean.
 

Lower -Upper Lower Upper
 

80 2.253 - 1.957 2.549 2.158 2.349 

100 2.254 1.999 2.508 2.193 2.314 

120 2.283 .2.054 2.512 2.239 2.326 

140 2.325 2.112 :2.538 2.286 2.365. 

160- 2.374 2.172 2.576 2.333 2.415 

180 2.424 , 2.231 2.618 2.381 2.468 

200. 2.474 2.287 2.661 2.429 2.519,
 

220 2.522 2.341 2.703 2.377 2.566
 

240> 2.566 2.390 2.742 2.524 2.609
 

260 2.606 2.435 2.778 2.565 2.648
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Table F-50 

EFFECTIVE LORENZ RATIO OF ALUMINUM: POSTIRRADIATION-ANNEA.
 

Sn'Ratio 


Temp LorenzRai
 
(OK) (10-8 W-ohm/OK2) 


.
 

80- 2.227-


100 2.220 


120 2.244 


140' 2.283 


160 2.324 

180 
 2.377' 


200 2.425 


220 2.471 


240 2.513 


260 2.552 


95% Confidence Limits 


on Individuals 

Lower Upper 

2.'01§ 2.435 

2.041 2;399 

2.08i 2;407 

2.130 2.436 

2.183 2.475 

2.236 2.518 

2.288 2.562 

2.337 2.604 

2.383 2.644 

2.424 2.680 

95% Confidence Limits
 

on the Mean
 

Lower Upper 

2.148 2.306 

2.169 2.271 

2.207 2.281 

2.249 2.317 

2.293 2.364 

2.339 2.415 

2.386 2.464 

2.432 2.510 

2.476 2.551 

2.515 2.589 
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Table F-51
 

EFFECTIVE LORENZ RATIO OF NBS BERYLLIUM: PREIRRADIATION
 

95% Confidence Limits 95% Confidence Limits
 

(OK) (10o8 WRohm/oK2) on Individuals on the Mean
 

Lower Upper Lower Upper
 

80 2.922 2.749 3.095 2.850 2.993
 

90 2.836 2,683 2i990 2.788: 2.884
 

100 2.789 2.646 2.933 2.750 2.829
 

120 2.773 2.635 2.911 2.729 2.817
 

140, 2.809 2.669 2,950 2.757 2.861
 

150 2.831 2.688 2.974 2.777 2.885
 

160 2.848 2.703 2.994 2.793 2.904
 

356
 



Table F-52 

EFFECTIVE LORENZ RATIO OF NBS BERYLLIUM: POSTIRRADIATION
 

emp Lorenz Ratio 95% Confidence Limits 95% Confidence Limits 
(OK) (10-8 W-ohm/OK2) on Individuals on ehe Mdan 

Lower Upper Lower Upper
 

80 2.724 2.512 2.937 2.629 2.820
 

90 2.692 2.477 2.907 2.564 2.819
 

100 2.675 2.505 2.845 2.619 2.731
 

i16, 2.671 2.506 2.835 2.607 2.734
 

120 2.677 2.516 2.838 2.608 2.747
 

130 2.692 2.534 2.850 2.620 2.764
 

140 2.713 2.558 2.868 2.641 2.785
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Eable F-53
 

EFFECTIVE LORENZ RATIO OF NBS BERYLLIUM: POSTIRRADIATION-ANNEAL
 

Temp Lo z 
Temp Lorenz Ratio 

(oK) (10-8'W-ohm/0K2) 

80 2.947 


90 2.853 


100 2.802 


120 2.789 


140 :2.841 


;150 2.874 


160 :2.904 


95% Cbnfidence Limits 


on Individuals 


Lower Upper 


2.752 3.142 


2.681 3.025 


2.642 2.963 


2.634 2.944 

2.682 2999 

2.712 . 3.036 

2.738 3.070 

95% Confidnce Lhftis
 

on the Mean,
 

-Lower, Upper 

2.864 3.030 

2.797 2;909 

2.756. 2.848 

2.736 2.842 

2.777 2.1904 

2.807 2.941 

2.834 2.974 
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Table F-54 

EFFECTIVE LORENZ RATIO OF WANL BERYLLIUM: PREIRRADIATION
 

Temp Lorenz Ratio 95 Confideflce Limits 95% Confidence Limits
 
(OK) (10-8 W-ohm/0K2) on Individuals on the Mean
 

Lower Upper Lower Upper
 

•80 2.526 2.350 2.702 2.421 2.631
 

-90 2.527 2.384 2.670 2.472 2.582
 

100 2.533 2.391 2.675 2.470 2.596
 

110 2.544 2.403 2.686 2.477 2.612
 

120 2.558 2.418 2.697 2.493 2.622
 

130 2.569 2.427 2.710 2.501 2. 7
 

140 
 2.575 2.422 2.728 2.489 2.660
 

359
 



Table F-55
 

EFFECTIVE LORENZ RATIO OF WANL BERYLLIUM: POSTIRRADIATION
 

Temp Lorenz Ratio 95 Confidence Limits 95% Confidence Limits 

(OK) (108 W~ohn/OK2) on Individuals bn the -Mean 

Lower. Upper Lower Upper 

80 2.585 2.459 2.711 2.510 2.660
 

90. 2.573 2.470 2.676 2.532 . 2-.613 

100 2.570 2.468 2.672 2.523 2.617 

110 2.1575 2.475 2.676 2.526 2.625 

;20 2.584 2.486 2.683 2.538 , 2.631 

130; 2.592wo 2.493 2.692 2.544 2.641 

140 .. , 2.595 2.487 2.703 2.532 2.658 
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Table F-56 

EFFECTIVE LORENZ RATIO OF WANL BERYLLIUM! POSTTRRADTATTN-ANNAT.
 

Temp Lorenz Ratio 
- 8(OK) (10 W-ohm/OK 2 ) 

8o 2.531 


90 2.630 


100 2.674 


i0 2.686 


120 2.681 


130 2.672 


140 2.666 


95% Confidence Limits
95% Confidence Limits 
on the Mean
on Individuals 


Lower Upper Lower.. Upper
 

2.225 2.837 2.345 2.717
 

2.392 2.869 2.546 2.715
 

2.445 2.902 2.578 2.769
 

2.464 2.'907 2.585 2.786
 

2.470 2.893 2.587 2.776
 

2.463 2.882 2.573 2.772
 

2.451 2.881 2.551 2.782
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Table F-57 

EFFECTIVE LORENZ RATIO OF TITANIUM: PREIRRADIATION
 

Temp Lorenz Ratio 95% Confidence Limits 95% Confidence Limits
 

(OK) (10-8 W-ohm/OK2) on Individuals on -the Mean
 

Lower Upper Lower Upper
 

80 8.421 7.012 9.829 7.892 8.949
 

100 7.368 6.258 8.478 7.049 7.687
 

120 6.686 5.759 7.613 6.468 6.905
 

140 6.217 5.410 7.023 6.032 6.402
 

160 5.880 5.159 6.601 5.699 6.061
 

180 5.631 4.976 6.287 5.448 5.815
 

200 5.444 4.841 6.048 5.261 5.628
 

220 5.302 4.743 5.862 5.123 5.481
 

240 5.194 4.673 5.715 5.022 5.365
 

260 5.111 4.623 5.598 4.949 5.272
 

280 5.048 4.589 5.507 4.894 5.202
 

300 5.001 4.565 5.437 4.849 5.152
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Table F-58' 

EFFECTIVE LORENZ RATIO OF TITANIUM: POSTIRRADIATION
 

Temp Lorenz Ratio 95% Confidence Limits 95% Confidence Limits
 

(OK() l(08-Wohm/OK2) on Individials on the Mean
 

Lower Upper Lower Upper
 

80 8.314 5.731 10.896 7.067 9.560
 

100' 7.318 -5.326 9.311 6.551 8.086'
 

120" 	 6.675 5.028 8.321 6.19 7.211
 

'
140 6.233 4.803 '7.662 5.786 6.685 

160' 5.917 ''4.634 7;199 5.477 6.356'

180 5.685- 53510 5.860 5.612 5.758
 

200 5.512 4.424 6.601 5.067 5.,957
 

220' 5.383 4.367 6398 4.945 5..821 

240 5.286 4.334 6.237 4.862 5.709 

260 .5.214 4.319 6.108 4.810 5.617
 

280 5.162- 4.317 6.006- 4.776 5.547 

300 5.125 4.321 5.929 4.752 5.499 
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Table F-59 

EFFECTIVE LORENZ RATIO OF TITANIUM: POSTIRRADIATION-ANNEAL
 

Temp 95% Confidence Limits 95% Confidence Limits
 Lorenz Ratio2onIdvdalonteMn 
(OK) (10-8 W-ohm/OK2 ) onndividuals on the Mean
 

Lower Upper Lower Upper
 

80 '8.197 4.588 11.805 6.488 9.906
 

100 7.293 4.494 10.092 6.235 8.351
 

120 6.706 4.386 9.027 5.964 7.449
 

140 6.300 4.283 8318 5.672 6;929
 

160 6.007 4.196 7.817 5.396 6.617
 

180 5.787 4.129 7.445 5.169 6.404.
 

200 5.618 4.082 7.154 4.998 6.238
 

220 5.486 4.054 6.918 4.875 6.097
 

240 5.381 4.042 6.721 4.790 5.972
 

260 5.297 4.040. 6.554 4.733 5.862
 

280 5.228 4.044 6.413 4.690 5.767
 

30G 5.172 4.048 6.296 4.650- 5.694
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Table F-60 

EFFECTIVE LORENZ RATIO OF PO-3 GRAPHITE: PREIRRADIATION
 

Temp Lorenz Ratio 95% Confidence Limits 95% Confidence Limits
 
(OK) 0-8 W-ohm/OK

2) on Individuals on the Mean
 

Lower Upper Lower Upper
 

800- 569.0 104.6 1033.5 357.4 780.7
 

100- 651.8 310.9 992.7 526.0 777.6
 

120 681.5 416.1 946.9 601.7 761.2
 

140 683.3 467.2 899.4 625.8 740.8
 

160 669.7 488.1 851.3 621.8 717.7
 

186 647.5 .491.4 -803.6 604.0 691.0
 

206 620.7 484.5 756.9 580.4 661.0
 

220. 591.6' 471.4 711.8 554:.6 628.6
 

240 561;8 454.9 668.7 528.4 595.1
 

260 532.1 436.4 627.9 502.5 561.8
 

280 503;3 416.8 589.8 476.9 529.7
 

290 489.3 406.8 :571.8 464.2 514.4
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Table F-61
 

EFFECTIVE LORENZ RATIO OF PO-3 GRAPHITE: POSTIRRADIATION
 

Temp Lorenz Ratio 95% Confidence Limits 95% Confidence Limits 

(OK) (10-8 W-ohm/OK2) on Individuals on the Mean 

Lower Upper Lower Upper 

80 242.2 37.3 447.2 139-.7 344.8
 

100 267.0 113.7 420.4 205.8 328.2
 

120 285.3 162.7 408.0 244.9 325.8
 

140 299.4 196.6 402.3 267.6 331.3
 

160 310.4 221.4 399.3 281.4 339.4
 

180 318.7 240.3 397.1 290.9 346.5
 

200 324.8 255.1 394.4 298.2 351.3
 

210 327.0 261.2 392.8 301.3 352.7
 

220 328.7 266.5 390.8 303.9 353.4
 

240 330.5 275.0 386.0 308.0 353.1
 

260 330.3 280.8 379.9 310.1 350.6
 

280 328.1 283.8 372.5 309.8 346.4
 

290 326.3 284.2 368.3 308.7 343.8
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Table F-62
 

EFFECTIVE LORENZ RATIO FO PO-3 GRAPHITE: POSTIRRADIATION-ANNEAL
 

Temp Lorenz Ratio 95% Confidence Limits 95% Confidence Limits
 
(OK) (10-8 W-ohm/OK 2) on Individuals on the Mean
 

Lower Upper Lower Upper
 

80 224.6 86.0 363.2 158.6 290.6
 

100 269.1 165.5 372.7 230.1 308.1
 

120 296,8 213.9 379.8 271.0 322.6
 

140 315.0 245.3 384.6 294.4 335.5
 

160 327.1 266.8 387.5 308.3 346.0
 

180 335.3 281.9 388.6 317.2 353.3
 

200 340.6 293.0 388.3 323.4 357.8
 

220 343.9 301.1 386.8 328.0 359.9
 

240 345.7 307.0 384.4 331.2 360.3
 

260 346.3 311.2 381.5 333.2 359.5
 

280 346.0 313.8 378.2 333.8 358.3
 

290 345.6 314.6 376.6 333.5 357.7
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Table F-63
 

ELECTRICAL RESISTIVITY OF ALIJEINUM: PREIPhADIATION
 

Input Data Calculated Data Run Least Squares 

Temperature Resistivity Resistivity Residuals No. Fit Coefficients
 

(oK) ( _ohm-cm) (pohm-cm) (input-calc)
 

7.739oqcD 01 2.03379QF 00 2.023AI1F 00 1.548004F-02 0 P = C1 + 2 3 
8o.269190 01 2.16039CF 00 2.16658RE 00 -6.18A'932-03 I 
1.0164J0D 02 
1.2588000 02 
1.4040000 02 

2.30960C2 00 
2.60409qF 00 
2.77580C2 00 

2.316060F 00 
2.609514E 00 
2.785625F 00 

-6.465773F-03 
-5.414963E-03 
-Q.024753E-01 

2 
3 
4 

C 1 1.09321E-00 

1.886200D 02 3.37900CE 0 3.372271E 00 6.72Q126F-03 50 = 1.19710E-02 
2.139Q00 02 3.6910002 00 3.682030E 00 8.q70261E-03 6 
2.101o00D 02 3.75200CF 00 3.745247E 00 6.752968E-03 7 
2.2890000 02 3.26500CE 00 3.864431E 00 5.68389-F-04 8 3 =5.92796E-07 
2.450400D 02 
2.60379qQ 02 

4.0590qqF 
4.242000F 

00 
00 

4.0621782 00 
4.250407E 00 

-2.179192F-03 
-8.4075q3F-03 

o 
10 

Statistical Terms,
 

2
1d.f.
= -(Residuals)e 

s e = 9.305403E-03
 

d.f. = 8 

In = 2.31 

a = 0.05
 

95% Confidence Limits 95% Confidence Limits 
Temperature' P S on Individuals on the Mean 

(OK) (gohm-om) Lower Upper Lower Upper 

q0. 2.05469E 00 6.12848F-03 2.02P95E 30 2.080422 00 2.04053E 00 2.06884F 00
 
90. 2.17540E 00 4.96772F-03 2.15104E 30 2.19977E 00 2.16393E 00 2.18688E 00
 
100. 2.29624E 00 4.?5689E-03 2.272602 30 2.31988F 00 2.28641E 00 2.30607E 00
 
110. 2.41720E 00 4.00348E-03 2.39 7qE 0 2.44060E 00 2.40795E 00 2.42644E 00
 
120. 2.53827E 00 4.09839E-03 2.91478E 00 '.5i76F 00 2.52880E 00 2.54774E 00
 
130. 2.65046E 00 4.16876E-03 2.63571E 00 2.69321U 00 2.64937E 00 2.66955E 00
 
140. 2.780772 CO 4.67010E-03 2.7 672E D0 2.80462' 00 2.769Q82 00 2.79156E 00
 
150. 2.902202 00 4.01332E-03 2.B778q 00 2.92651F 00 24.9085E 00 2.91355E 00
 
160. 3.02?75E CO 5.05066E-03 2.99929E 10 3.048202 00 1.01208E 00 3.03541E 00 
170. 3.14541E 00 5.059qR-03 3.12094E 30 3.16088E 00 3.13372E 00 3.15710E 00
 
180. 3.26720E 00 4.q36532-03 3.24286E 30 3.29153E 00 3.25579E 00 3.27860E 00
 
190. 3.38910E CO 4.69170E-03 3.,36503E 10 3.413172 00 3.37826E 00 3.399942 00
 
200. .51112F 00 4.35813E-03 3.48738 00 3.53486E 00 3.50105C 00 3.52119E 00
 
210. 3.63326F 00 4.00409E-03 3.609R62 30 3.65666F 00 .3.62401F 00 3.64251E 00 
220. 3.75551F 00 3.75613E-03 3.73234E 30 3.77870P 00 3.74684E 00 3.76420E 00 
230. 3.87790E 00 3.90211E-03 3.854682 30 1.93112F 00 3.86912E 00 3.88668E 00
 
240. 4.00039E CO 4.309242-03 3.97671E 00 4.02408E 00 3.99044F 00 4.01035E 00
 
250. 4.12301E 00 5.11028F-03 4.09825E 30 4.14776E 00 4.11074E 00 4.13528E 00
 
260. 4.245742.00 6.73457E-03 4.21q212 90 4.272282 00 4.23018E 00 4.26130E 00
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Table F-64 

ELECTRICAL RESISTIVITY OF ALUMINUM: POSTIRRADIATION 

Input Data Calculated Data un Least Squares 

Temperature Resistivity Resistivity Residuals No. Fit Coefficients 
(K ) (I (pohm-cm) (input-calc) 

7.730999D 01 2.1860002 00 2.192357E 00 -6.3571932-03 0 1 2 3 
8.9099"90 01 2.340799- 00 2.324313F 00 1.64461T-02 1 
1.010000D 02 2.44959SE 00 2.458866F 00 -o.266853E-03 2 0I 1.32779E-00 
1.2340000 02 2.713300E 00 2.713076E 00 2.241135E-04 C 
1.416500n 02 2.196002 00 2.921082F 00 -1.488686E-03 4
 
1.852200D 02 3.41400CE 00 3.420967E 00 -6.967545E-03 5 C2 = 1.10762E-02
 
2.101300D 02 3.7O900CF 00 3.708831E 00 1.586004E-04 6 C 
2.1507000 02 3.7759 9E 00 3.766096E 00 9.002954E-03 7 

C32.2386000 02 3. 6700E 00 3.868140E 00 -1.140594E-03 8 = 1.21385E-06 
2.408 00D 9 4.070999E 00 4.066376E 00 4.623413E-03 q
 
2.5748000 02 4.254000E 00 4.260166F 00 -6.166458E-03 10
 

Statistical Terms
 

s e = EX;(Residuals) 2 /d.f. 

s = 8.715600E-03 e 


d.f. =8 

t, = 2.31 

a = 0.05 

I 95% Confidence Limits 957 Confidence Limits 
Temperature P S on Individuals on the Mean
 

(OK) (tohm-cm) Lower Upper Lower Upper
 

80. 2.22165E 00 5.7093n0-03 2.19759F 30 2.24572 00 2.208462 00 2.23484E 00
 
90. 2.33449F CO 4.62444F-03 2.31169E 10 2.157?72 00 2.32379E 00 2.34516E 00
 
100. 2.44795E 00 1.96611F-03 2.42543 00 2.46967E 00 2.43819E 00 2.45671E 00
 
110. 2.560866E 00 3.7365O-E03 2.53895E 00 7.55276E 00 2.55223E 00 2.56949E 00
 
120. 2.67441E 00 3.82756F-01 2.65242E 00 2.6Q6402 00 2.66557E 00 2.68325E 00
 
130. 2.78821E 00 4.07476'-03 2.75593F 30 2.81043F 00 2.77880E 00 2.79762E 00
 
140. 2.90225E CC 4.343632-03 2.87975E 00 2.q24742 00 2.89221E 00 2.91228E 00
 
150. 3.01653F 00 4.95239r-03 2.99392E 00 3.039252 00 3.00602E 00 3.027052 00 
160. 3.13106F 00 4.69804F-03 3.108232 00 3.15388E 00 3.12030E 00 3.14182E 00
 
170. 3.245822 00 4.64185-03 3.22301E 00 3.26863E 00 3.23510E 00 3.25655E 00
 
180. 3.36084F 00 4.502i2E-03 3.33817E 00 3.313502 00 3.35044E 00 3.37124E 00
 
190. 3.47609E 00 4.25467F-03 1.4536RE 30 3.498402 00 3.46626E 00 3.48592E 00
 
200. 3.5915qE G0 3.939442-03 3.56949F 00 3.61368E 00 3.58248F 00 3.60069E 00
 
210. 3.70732E 00 3.63752E-03 3.63551E 00 3.72914F 0-1 3.69892E 00 3.71573E 00
 
220. 1.82331E CO 3.49154 -03 3.80162E 30 3.844 09 00 3.91524E 00 3.83137E 00
 
230. '.93q53E CC 3.685786-03 3.917672 30 3.941192 00 3.93102E 00 3.94804 00
 
240. 4.056002 00 4.34036E-03 4,03351F 00 4.078492 00 4.04597E 00 4.066022 00
 
250. '.17271F 00 5.44228E-03 4.14897F 00 4.19644F 00 4.16014E 00 4.18528E 00
 
260. 4.28q66E 00 6.91552r-03 4.26396E 30 4.31536E 00 4.27369E 00 4.30564E 00 
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Table F-65
 

ELECTRICNL RESISTIVITY OF ALUMINM: POSTIRRADIATION-ANNEAL
 

Input Data Calculated Data Run Least Squares 

Temperature Resistivity Resistivity Residuals No. Fit Coefficients 

(OK) (gohm-cm) (pohm-cm) (input-cale) 
P = C1 + C2T + C3 T2 

1.2629516-02 0

7.739q990 01 2.04099SE 00 2.028370E 00 
8.025999D 01 2.1617qgE 00 2.171241E 00 -9.441376E-03 1 
1.0179000 02 2.32420CE 00 2.322428E 00 1.771927E-03 2 C 1 .10153E-00 
1.2586000 0? 2.607595E 00 2.613567E 00 -5.968094E-03 3 
1.4020000 02 2.7778006 00 2.787458E 00 -9.658813E-03 4 
1.8P86000 02 3.3840086 00 3.379993E 00 4.006386E-03 5 = 1.19124E-02C2 
2.1352000 02 3.7000088 00 3.681733E 00 1.8266686-02 6 
7.189900D 02 3.7400806 00 3.748797 00 2.021790E-04 7 
2.2890000 02 3.86700C 00 3.870412F 00 -3.417q69E-03 8 C3 = 8.04084E-07 
2.442600D 02 4.05600E 00 4.059237E 00 -3.237724E-03 9 
2.5991900 02 4.2470006 00 4.252134E 00 -5.134583E-03 10 

Statistical Terms
 

2

se = F,(Residuals) /d.f.
 

se = 9.867791E-03
 

d.f. - 8
 

ta = 2.31 

a = 0.05
 

imits
Tepeaur S795% Confidence Limits 95% Confidence 

Temperature p on Individuls I on the Mean
 

(OK) (Mhm-cm) Lower Upper Lower Upper
 

80. 2.05967E 00 6.50696E-03 2.03237E 00 2.086986 00 2.04464E 00 2.07470E 00 
90. 2.18016E CO 5.27034E-03 2.15432E 30 2.2060800 2.16799E 00 2.19234E 00
 
100. 2.30081E 00 4.51496F-03 2.27575E 00 2.3?588E 00 2.290386 00 2.31124E 00
 
110. 2.42163E OC 4.24855-03 2.39681E 00 7.44645E 00 2.41181E 00 2.43144E 00
 
120. 2.54260E CO 4.35324E-03 2.517606 30 2.56752E 00 2.53255r 00 2.55266E 00
 
130. 2.66374E 00 4.64334E-03 2.638546 00 2.68893E 00 2.65301E 00 2.67446F 00
 
140. 2.78503F 00 4.96469E-03 2.75951E 00 2.81055E 00 2.77356E 00 2.79650F 00
 
150. 2.90649E 00 5.22247P-03 2.88070E 0 2.93228E 00 2.89442E 00 2.91855E 00 
160. '.028106 CC 5.36620E-03 3.00216E 00 3.054056 00 3.01571E 00 3.04050E 00
 
170. 3.14988F 00 5.37271F-08 3.12393E 30 3.17584E 00 3.13747E 00 3.16229E 00
 
180. 3.27182E G0 5.23709E-03 3.246016 00 3.29763E 00 3.25972E 00 3.28392E 00
 
190. 1.39392E 00 4.q72028-03 3.368406 00 3.419456 00 3.382446 00 3.40541E 00
 
200. 3.51618E 00 4.61330E-03 3.49102E 30 3.541346 00 3.50552E 00 3.52684E 00
 
210. 3.636606 00 4.23545E-03 3.61380F 00 3.66341E 00 3.62882E 00 3.64839E 00
 
220. 3.76119E 00 3.97671E-03 3.73661E 30 3.78576E 00 3.75200E 00 3.770376 00
 
230. 3.983Q3E 00 4.040886-03 3.85930E 00 3.90856E 00 3.87459E 00 3.89326E 00
 
240. '.006836 CO 4.60312P-03 3.9q168F 30 4.03198F 00 3.996206 00 4.01746E 00
 
250. 4.129906 00 5.69259F-03 4.10358F 30 4.15621E 00 4.11675E 00 4.14305E 00
 
260. 4.25312E 00 7.23042E-03 Ota flfl A a2O lf . flAA 9C n 4.26982E 00 
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Table F-66
 

ELECTRICAL RESISTIVITY OF ALUMINUM: DATA TAKEN AT ZERO REACTOR POWER
 
AS A FUNCTION OF RADIATION EXPOSURE 

Input Data Calculated Data Run Least Squares 

Fluence 
(1017 n/em2 

) 
Resistivity 

(poin-cm) 
Resistivity 
(pohn-cm) 

Residuals 
(input-calk) 

No. Fit Coefficients 

0.0 2.037999E 00 2.045963E 00 -7.964134E-03 0 P 1I + 2 
1.462999D 00 2.099799E 00 2.087509E 00 1.2290002-02 I 
1.945999D 00 2.1010OOE 00 2.101226E 00 -2.2602081-04 2 1 
4.094999D 00 2.158999E 00 2.162253E 00 -3.253937E-03 3 0 = 2.04596E 00 
4.995999D 00 2.186999E 00 2.187840E 00 -8.411407E-04 4 

C2 = 2.83982E-19 

Statistical Terms 

e6 Fl(Residuals)2 /d.f. 

se - 8.675985E-03 

d.f.  3 

ta 3.18 

a - 0.05 

Fluence P ST on Individuals on the Mean 

m t017nILower . upper Lower Uper 

0.0 2.04596E 00 6.61284E-03 2.01127E 00 2.08065C 00 2.02493E 00 2.06699E 00 

1.000E-00 2.074366 00 5.03762E-03 2.04246E 00 2.10626E 00 2.05834E 00 2.09038E 00 

2.000E 00 2.10276E 00 4.02511E-03 2.07234E 00 2.13317E 00 2.08996E 00 2.11556E 00 

3.000E 00 2.13116E 00 4.02511E-03 2.10074E 00 2.16157E 00 2.118366 00 2.14396E 00 

4.0006 00 2.15956E 00 5.03762E-03 2.12765E 00 * 2.L91466 00 2.14354E 00 2.17557E 00 
5.000e 00 2.18795F 00 6.61284E-03 2.15326E 00 2.22264E 00 2.16692E 00 2.208982 00 
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Table F-67 

ELECTRICAL RESISTIVITY OF ALUMINUM:
 
CHANGE FROM PREIRRADIATION TO POSTIRRADIATION
 

95% Confidence Limits 95% Confidence Limits
(OK) (Aohm-cm) on Individuals on the Mean
 

Lower Upper Lower Upper
 

80 0.16696 0.13462 0.19929 0.14920 0.18471
 

90 0.15908 0.12846 0.18969 0.14469 0.17346
 

100 0.15131 0.12160 0.18101 0.13897 0.16364
 

120 0.13614 0.10661 0.16566 0.12425 0.14802
 

140 0.12148 0.09130 0.15165 0.10806 0.13489
 

160 0.10731 0.07660 0.13801 0.09274 0.12187
 

180 
 0.09364 0.06313 0.12414 0.07948 0.10779
 

200 0.08047 0.05071 0.11022 0.06802 0.09291
 

220 0.06779 0.03865 0.09692 0.05692 0.07865
 

240 0.05561 0.02561 0.08560 0.04261 0.06860
 

250 0.04970 0.01820 0.08119 0.03353 0.06586
 

260 0.04392 0.00998 0.07785 0.02339 0.06444
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Table F-68 

ELECTRICAL RESISTIVITY OF NBS BERYLLIUM: PREIRRADIATION 

Input Data Calbulated Data PAM Least Squares 

Temperature Resistivity Resistivity Residuals No. Fit Coefficients
 
(OK) (gohm-cm) (pohm-cm) (input-ah) 

3.359795E-03 0 p = I + 0 2 T + C3T2 
7.7399990 01 1.067200E 00 1.063840E 00 

.8.289999D 01 1.079499E 00 1.083917E 00 -4.417#19F-03 I 
9.8299990 01 1.165000E 00 1.164308 00 6.923676F-04 2 CI 1.26332E-00 
1.1700000 02 1.31049S2 CO 1.309829E 00 6.7043302-04 I 
1.395000D 02 1.55240C C0 1.554556E 00 -2.1562582-03 4 
1.494200D 02 1.69000CE O 1.686612E 00 3.387451E-03 5 C2 -8.39156E-03 
1.600500D 02 1.842992 00 1.8445312 00 -1.531602-03 6 

C3 = 7.51202E-05' 

Statistical Terms
 

°E(Residuals) 2 /d.f.e 

= 3.542623E-03
e
 

da. = 4 

t, =2.78
 

=0.05 

95% Confidence Limits 95% Confidence i~mits 
Temperature p ST on Individuals on the Mean 

(OK) (pon-cm) Lower Upper Lower Upper 

Bo. 1.07276E C0 2.40283F-03 1.06086E 03 1.08466E 00 1.066082 00 1.07944E 00 
85. 1.09278E 0 1.997158-03 1.081482 30 [.104098 00 1.08721E 00 1.09833E 00
 
90. 1.11655E 00 1.84135E-03 1.10545F 00 1.12765C 00 1.11143E 00 1.12167E 00 
95. 1.14408E 00 1.894978-03 1.1329B3 00 1.15524E 00 1.13R842 00 1.149322 00
 
100. 1.17537E 00 2.03003E-03 1.16401E 00 1.18672E 00 1.16972F 00 1.18101F 00
 
105. 1.210412 00 7.jq260F-03 1.19882E 00 1.22199E 00 1.20431E 00 1.21650E 0C
 
110. [.24920E 00 2.32315E-03 1.237438 00 1.26098F 00 1.24274E 00 1.255666 00
 
115. 1.29176E O 2.39680E-03 1.27986E 00 1.10365E 00 I.285092 00 1.298422 OC
 
120. 1.33806E 00 2.40313E-03 1.32616E 00 1.14996F.00 1.331382 00 1.3'474F 00
 
125. 1.38813E OC 2.34093E-03 1.376322 00 1.399938 00 1.38162F 00 1.39464E 00
 
130. 1.44195E 00 2.21927E-03 1.43033F 00 1.45357E 00 1.43578E 00 1.44812E 00
 
135. 1.49953E CO 2.060972-03 1.488132 00 1.510q22 00 1.493802 00 1.50525 00
 
140. 1.560862 CO 1.90959E-03 1.54967E 00 1.57205E 00 1.555552 00 1.566172 00
 
145. 1.625952 CO 1.84356F-03 1.61484E 00 1.63705P 00 1.62082F 00 1.63107F 00
 
150. 1.694792 CO 1.96195E-03 1.68353t 00 1.706052 00 1.68934F 00 1.70024F 00
 
155. 1.767392 00 2.32680E-03 1.755618 DO 1.77917E 00 1.76092E 00 1.773868 00
 
160. 1.84375E CO 2.927962-03 1.83097E 00 1.85653E 00 1.83561F 00 1.853892 00
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Table F-69
 

ELECTRICAL RESISTIVITY OF NBS BERYLLIUM: POSTIRhADIATION
 

Input Data Calculated Data Run Least Squares
 

No. Fit Coefficients
Temperature Resistivity Resistivity Residuals 

(OK) (tohm-cm) (pohm-cm) (input-cae) 

p = C1 + C2T + C3 T2 

7.739999D 01 1.84250CE 00 1.837568E 00 4.931450E-03 0 
8.2819990 01 1.852599E 00 1.8585562 00 -5.956650E-03 1 
9.714000D 01 1.933599E 00 1.934351E 00 -7.514954E-04 2 0 = 1.99923E-00 
1.1600000 02 2.08190CE 00 2.079217E 00 2.682686E-03 3 
1.400000D 02 

2=ff-7.65937E-032.33669S2 00 2.337598E 00 -8.9836122-04 4
 

7.19736E-05C3 -

Statistical Terms 

ae = 4,(Residuals)2 /d.f. 

s - 5.846769E-03 e 


d.f. - 2 

t- - 4.30 

, - 0.05 

95% Confidence Limits 95% Confidence Limits 
Temperature P S on Individuals on the Mean 

(OK) (Mohm-cm) Lower Upper 

80. 1.847112 00 4.01456E-03 1.81661E 00 1.877602 00 1.82984E 00 1.86437E 00 
85. 1.86819E 00 3.30055E-03 1.83932E 00 1.897062 00 1.85400E 00 1.88238E 00
 
90. 1.89287E 00 3.31606E-03 1.863972 00 1.92177E 00 1.87861E 00 1.90713E 00 
95. 1.92115E 00 3.70843E-03 1.89138 00 1.95092E 00 1.90520E 00 1.937092 00 

100. 1.953032 00 4.13798E-03 1.92222E 00 1.98383E 00 1.93523E 00 1.97082E 00
 
105. 1.98850S co 4.44039E-03 1.95693E 00 2.02007E 00 1.96941E 00 2.Co07602 00 
110. 2.02758E 00 4.55759E-03 1.99570E 00 2.05945E 00 2.00798E 00 2.04717E 00
 
115. 2.07025E 00 4.49166F-03 2.03855E 00 2.101952 00 2.05093E 00 2.08956E 00
 
120. 2.11652E CO 4.29551E-03 2.08532E 00 2.147722 00 2.09805E 00 2.13499E 00
 
125. 2.16639E CO 4.093718-03 2.13570E 00 2.19708E 00 ?.14879E 00 2.18400E 00
 
130. 2.21986E 00 4.11066E-03 2.18913E 00 2.25060E 00 2.20219E 00 2.23754E 00
 
135. 2.27693E 00 4.61718-03 2.24489E 00 2.308972 00 2.25708E 00 2.296782 00
 
,140. 2.337602 CO 5.75279E-03 2.302332 30 2.37287E 00 2.31286E 00 2.362'32 00
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Table F-70 

ELECTRICAL RESISTIVITY OF NBS BERYLLIUM: POSTIRRADIATION-ANNEAL 

Input Data Calculated Data un least Squares 

Temperature Resistivity Resistivity Residuals No. Fit Coefficients 
(OK) p(ohm-cm). (pohm-cm) (input-calc) 

1 + 2 + 021.072556E 00 -1.85585OF-037.739999D 01 1.0707002 00 
8.3030000 01 1.089000E 00 1.089603E 00 -6.036758E-04 I 
9.8439990 01 1.168300E 00 1.162925E00 5.374908E-03 2 C = 1.36661E-00 
1.171000D 02 1.30250CE 00 1.303984E 00 -1.483917E-03 3 1 
1.3840000 02 1.53200CE 00 1.534986E 00 -2.986908E-03 - 4 
1.6178000 02 1.875999E 00 1.874440E 00 1.55925.8E-03 5 C2 = -. 01633E-02 

- 8.22251E-05
C3 


Statistical Terms
 

2
Se = 4(R.esiduals) /d.f. 

se m 3.926538E-03
 

d.f. -3 

ta - 3.18 

a = 0.05 

95% Confidence Limits 957. Confidence Limits
 
Temperature P on Individuals on the Mean
 

(OK) (ofm-cm) Lower Upper Lower Upper 

80. 1.079782 00 2.66888E-03 1.06468E 30 1.09488F 00 1.07129E 00 1.08827E 00
 
85. 1.09680E 00 2.218882-03 1.08246E 00 1.11114E 00 1.08974E 00 1.103862 00
 

*90. 1.11793E 00 2.02915E-03 1.10387E 00 1.13198E 00 1.11148E 00 1.124382 00 

95. 1.1431?E 00 2.05612E-03 1.12908E 00 1.15727E 00 1.13663E 00 1.14q715 00
 
100. 1.17252E 00 2.20306E-03 1.158212 30 1.18684E 00 1.16552E 00 1.17953E 00
 
105. 1.20599E O0 2.38157E-03 1.19138E 00 1.22059E 00 1.19841E 00 1.213562 00
 
110. 1.24356E 00 2.537152-03 1.22870E 00 1.25843E 00 1.23550E 00 1.25163E 00
 
115. 1.28525E 00 2.64169E-03 1.27020E 00 1.30030E 00 1.27685E 00 1.29365E 00
 
120. 1.33105E 00 2.68441E-03 1.315922 00 1.34617E 00 1.32251E 00 1.33958E 00
 
125. 1.38096E 00 2.66530E-03 1.36587E 00 1.39605E 00 1.37248E 00 1.38943F 00
 
130., 1.43498E 00 2.59536E-03 1.42001E 00 1.44994F 00 1.42672E 00 1.44323E 00
 
135. 1.4931LE 00 2.49836E-03 1.47831E 00 1.50791E 00 1.48516E 00 1.50105E 00
 
140 1.55535E CC 2.41591E-03 1.54069E 00 1.57001E 00 1.54767E 00 1.56303E 00
 
145. 1.62171E 00 2.41124E-03 1.607052 00 1.63636E 00 1.61404E 00 1.62937E 00
 
150. 1.69217E C0 2.55873E-03 1.67727E 00 1.107082 00 1.68404E 00 1.70031E 00
 

155. 1.76675E 00 2.91271E-03 1.75120E 00 1.78229E 00 1.75748E 00 1.77601E 00
 
160. 1.84544E 00 3.485382-03 1.82874E 00 1.86213E 00 1.83435E 00 1.85652E 00
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Table F-71
 

ELECTRICAL RESISTIVITY OF NBS BERYLLIUM: DATA TAKEN AT ZERO REACTOR POWER 
AS A FUNCTION OF RADIATION EXPOSURE 

Input Data Calculated Data Run Least Squares 

Fluence Resistivity Resistivity Residuas No. Fit Coefficients
 
(1017 n/cm2) I(p(ohm-cm) (Input-cale) 

0.0 1.066000E 00 1.043020E 00 2.297974E-02 0 p - C + C20 
3.22L999D 00 1.254999E 00 1.273067E 00 -1.806736E-02 1 
4.2870000 00 1.332999E 00 1.349106E 00 -1.610661E-02 2 
9.020000D 00 1.684999E 00 1.687036E 00 -2.036095E-03 3 
1.100500D 01 1.841999E 00 1.828762E 00 '1.323700E-02 4 CI 1.04302E 00 

C2 - 7.13987E-19 

Statistical Terms
 

Se - (Re.id-as) 2/d.f. 

s e - 2.076282E-02 

d.f. - 3 

ta - 3.18 

= - 0.05 

Fluence 95% Confidence Limits 95% Confidence Limits
 
(1017n/cm 2 

S- on Individuals on the Mean
I (polt-cm) ILower Upper Lower Upper 

0.0 J.04302E 00 1.58253E-02 9.60003E-01 1. 12604E 00 9.92696E-01 Y.09334E 00 
..00E 00 1.11442E 00 1.40076E-02 1.03477E 00 1.19406E 00 1.06987E 00 1.15896E 00 
2.00E 00 1.18582E 00 1.23618E-02 L.10897E 00' 1.26266E 00 1.14651E 00 1.22513E 00 
3.0002 00 1.25722E 00 1.09658E-02 1.18255E 00 1.33188E 00 1.22234E 00 1.29209E 00 
4.00E 00 1.32861E 00 9.92543E-03 1.25543E 00 1.40180E 00 1.29705E 00 1.36018E 00 
5.000E 00 1.40001E 00 9.36001E-03 1.32759E 00 1.47244E 00 1.37025E 00 1.42978E O 
6.000E 00 1.47141E 00 9.35608E-03 1.39899E 00 1.54383E 00 1.44166E 00 1.50116E 00 
7.00E 00 1.54281E 00 9.91430E-03 1.46964E 00" 1.61598E 00 1.51128E 00 1.57434. 00 
8.000E 00 1.61421E 00 1.09490E-02 1.53957E 00 1.68885E 00 1.57939E 00 1.64903E 00 
9.000E 00 1.68561E 00 1.23410E-02 1.60880E 00 1.76242E 00 1.64636E 00 1.72485E 00 
1.000E 01 1,75701E 00 1.39839E-02 1.67740E 00 1.83661E 00 1.71254E 00 1.80147E 00 
1.100E 01 1.82841E 00 1.57996E-02 1.74544E 00 1.911376 00 1.77816E 00 1.8786SE 00 
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Table F-72 

ELECTRICAL RESISTIVITY OF NBS BERYLLIUM: 
CHANGE FROM PREIRRADIATION TO POSTIRRADIATION 

95% Confidence Limits 95% Confidence Limits
 
Temp AP on Individuals on the Mean
 
*(OK) (gohm-cm)
 

Lower Upper Lower Upper
 

80 0.77435 0.75572 0.79297 0.76385 0.78484
 

90 0.77632 0.75880 0.79383 0.76795 0.78468
 

100 0.77766 0.75936 0.79595 0.76775 0.78756
 

110 :0.77838 0.75942 0.79733 0.76729 0.78946;
 

120 0.77846 0.75962 0.79729 0.76758 0.78933
 

130 0.77791 0.70763 0.84818 0.70934 0.84647
 

140 0.77674 0.75710 0.79637 0.76453 0.78894
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Table F-73
 

ELECTRICAL RESISTIVITY OF WANL BERYLLIUM: PREIRRADIATION
 

Input Data Calculated Data Rm Least Squares 

Temperature Resistivity Resistivity Residuals No. Fit Coefficients
 
(OK) (pohm-cm) '(Pohm-cm) (input-calc) 

P - CI +-0 2 T + C3
 
7.7399990 01 6.788999E-01 6.796576E-01 -7.576942E-04 0
 
8..796999D 01 7.1200OOE-01 7.136934E-01 -1.693487E-0' 1
 
9.929999D 01 7.740000E-01 7.685375E-01 5.462468E-03 2 = 9.34264E-0l
C1

1.2376000 02 9.460000E-01 9.517179E-01 -5.717933E-03 3
 
1.377500D 02 1.09900CE 00 1.096292E 00- 2.707481E-03 4 C2 - -9..01688E-03
 

C3 - 7.39974E-05 

Statistical Terms
 

S = (Resdduals)2/df.e 

B 6.054159E-03
e 


d.f. "2 

t- - 4.30 

- 0.05 

Temperature p 957 Confidence Limits 95% Confidence Limits(TK) (Sohm-cm) on Individuals on the MeanLower I Upper Lower T Upper
 

80. 6.86497E-01 4.614302-03 6.53764E-31 7.19229E-01 6.66655E-01 7.06338E-01

85. 7.o02460E-Cl 3.65185E-03 6.7205R2-01 7.32862E-01 6.86757E-01 7.18163E-01

90. 7.22123E-01 3.58622E-03 6.91866E-31 7.52381E-01 7.06703E-01 
 7.37544E-01
95. 7.45486E-Cl 4.00661E-03 7.14269E-01 7.76704E-01 
 7.282582-01 7.62715F-01
 

100. 7.72549E-01 4.47539E-03 7.40176E-01 8.049232-01 7.53305E-01 
 7.91794F-01
 
105. 8.03312E-01 4.77991E-03 7.70144E-01 8.3648]E-01 7.82759E-01 8.238662-01

110. 8.37775E-01 4.84601E-03 8.04429E-01 8.71121E-01 8.16937E-01 8.58613E-01

115. 8.759392-01 4.674852-03 8.430482-01 9.088292-01 8.55837E-01 8.q6040-01
120. 9.17800E-01 4.33347E-03 8.85785E-01 9.49814E-01 
 8.99166E-01 9.36434E-01
 
125. 9.63363E-01 4.005322-03 9.321482-01 
 9.94577E-01 9.461402-01 9.80585F-01,

130. 1.01262E 00 4.042192-03 9.813222-01 1.043932 00 q.95242E-01 1.030002 00
135. 1.06559E 00 4.82627E-03 1.032292 00 1.09888F 00 1.04483E 00 1.O8634F 00
140. 1.12225E 00 6.43974E-03 1.084242 00 1.16025E 00 1.094562 00 1.149q4E 00 
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Table F-74
 
ELECTRICAL RESISTIVITY OFWANL BERYLLIUM: POSTIRRADIATION
 

Input Data Calculated Data Rn Least Squares 

Temperature- Resistivity Resistivity 
 Residuals No. Fit Coefficients
 
(K) ,(#ohm-cm) - (pohi-cm) (input-calc) 

C2T + C3
I + 


8.7750000 01 1.616500E 00 1.619233E 00 -2.733231E-03- 1
 
9.9219990 01 1.683200E 00 1.684998E 00 -1.797676E-03 2 C 1.72043E-00
 

7.739999D 01 1.577900E 00 1.575564E 00 2.335548E-03 0 P T
 

1.231800D 02 
 1.886100E 00 1.881300E 00 4.799843E-03 
 3 l2 
1.3596000 02 2.01600CE 00 
 2.018596E 00 -2.595901E-03 4 

C2 = -7.24401E-03 

C3 - 6.94105E-05 

Statistical Terms
 

e = (Residuals) 
2 /d.f. 

Be m 4.792396E-03
 

d.f. - 2
 

t - 4.30 

a - 0.05 

Temperature 95%. Confidence Limits 95% 'Confidence Limits-P ST on Individuals on the Mean t 
- pob-cm)" Lower Upper Lower - Upper 

80. 1.58514E 00 3.64618E-03 1.55924E 00 1.61103E 00 1.56946E 00. 1.60081E 0085. 1.60618E 00 2.88781E-03 1.58212E 00 1.63024E 00 1.59376E 00 1.61860E 00'90. 1.63069E 00 2.87365F-03 1.60666E 00 1.654726 00 1.61834E,00 1.64305E 0095. 1.65868E 00 3.23417E-03 1.633822 00 1.68354E 00 1.64477E'00 1.67259E-00
100o 1.69013E 00 3.60739E-03 1.66434F 00 1.71593E 00 1.67462E,00 1.70565E 00'105. 1.72506E 00 3.82727E-03 1.69869E,00 1.75143E,00 1.70860E-00 1.74152E 00110. 1.76346E 00 3.84184E-03 1.73704E 00 . 1.78987E 00 1.74694E 00 1.77998E 00
4115. 1.80532E 00 3.65888E-03 1.77940E 00 1.83125E 00 1.78959E 00 
 1.82106E,00

120. - 1.85066F 00 3.35436E-03 1.82551E 00 - 1.87581E 00 1.83624E 00 1.965C8E 00125. . 1.89947E 00 3.11860E-03 1.87488E 00 1.92405E-00 1.88606E'00 1.9128BE 00

130. 1.95175E 00 3.29308E-03 1.92674E 00 1.97675E 00 1.93758E 00 1.96591E 00135. 2.007492 00 4.16013E-03 
 1.98021E 00 2.03478E 00 .1.98961E 00 2.02538E 00140. 2.06671E 00 5.69826E-03 2.03470E 00 2.09873E 00 2.04221E 00 2.09122E 00 
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Table F-75 

ELECTRICAL RESISTIVITY OF WANL BERYLLIUM: POSTIRRADIATION-ANNEAL 

Input Data Calculated Data Run Least Squares 

Temperature Resistivity Resistivity Residuals No. Fit Coefficients
 

(OK) (ohm-cm) (gohm-cm) (input'calc) - 

7.7399990 01 6.87400CE-01 6.8745102-01 -5.1021582-05 0 1 + C2 + C 

8.8000000 01 7.2580002-0l 7.228940E-01 2.905965E-03 I
 
9.8390000 01 7.677000E-01 7.728583E-01 -5.158305E-03 2 C, . 9.04116E-01
 
1.2217000 02 . 9.480000E-01 9.439362E-01 4.063785E-03 3 -

1.367400D 02 1.085999E 00 - 1.087760E 00 -1.760483F-03 4
 

C2 = -8.20230E803 

C3 - 6.98063E-05 

Statistical Terms
 

s S (Residuats) 2 /d. f.e 

5.228236E-03
 e 


d.f. -2 

ta = 4.30 

a - 0.05 

-. 97 Confidence LimitsConfidence LimitsTemperature ". P " -S.957. on Individuals on the Mean 
CK) " (gohm-cm) Lower Upper Lower Upper 

80. 6.94693E-01 3.97993E-03 6.66439E-01 7.22947E-01 6.77579E-01 7.118062-01 
85. 7.11271-Cl 3.136912-03 6.85054E-01 7.37489E-01 6.971832-01 7.24760E-01 
90. 7.31340E-01 3.081912-03 7.05244E-01 7.57437E-01 7.180882-01 T.44593-01
 
95. 7.549002-01 3.448012-03 7.27970E-01 7.81830E-01 7.A00732-01 7.69726E-01 

100. 7.819502-C1 3.84641E-03 7.54034E-01 8.09865E-01 7.65401E-01 7.98498E-01
 
105. 8.12489E-01 4.09929E-03 7.83922--01 8.41057E-01 7.94862-01 8.30116E-01
 

'110. 8.46520E-01 4.139412-03 8.17845E-01 8.75194E-01 8.28720E-01 8.64319E-01
 
115. 8.84040E-01 3.97611-03 8.55796E-01 9.12284E-01 8.669432-01 9.011382-01
 
120. 9.25051E-01 3.68243E-03 8.97553E-01 q.52549-01 9.09217E-01 9.40885E-01 
125. 9.69553E-01 3.44257E-03 9.42635E-01 9.96470E-01 Q.54750f-01 9.843562-01 
130. 1.01754E 00 3.589232-03 9.90275E-01 1.0'481E 00 1.00211E00, 1.03?98 00 
135. 1.06903E 00 4.426762-03 1.03957F 00 1;098482 00 1.049992 00 1.088062 00 
140. 1.12400E 00 5.97096E-03 1.08987E 00 1.15812E 00 . 1.09832E 00 1.14967E 00 
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Table F-76 

ELSCTRICAL RESISTIVITY OF WANL BERYLLIUM: DATA TAMN AT ZERO REACTOR POWER 
AS A FUNCTION OF RADIATION EXPOSURE 

Input Data Calculated Data Rn Least Squares 

Fluence Resistivity Resistivity Residuals Np. Fit Coefficients 

-(1017 n/m) (hm-cm) (a-c) .(input-calc) ________________ 

0.0 6.f7l4000E-01 6.901602E-01 -1.276022E-02 0 P - C1 
+ 

C20 
3.8089990-00 9.579999E-01 9.531934E-01 4.065L9E-03 1 
5.0669990 00 1.055200E 00 1.040065E 00 1.513481E-02 2 
L.0660000 01 
1.3000000 01 

1.426999E 00 
1.580000E 00 

1.426294E 00 
1.587884E 00 

7.047653E-04 
-7.884026E-03 

3 
4 

C1 = 6.90160E-01 

C2 = 6.90557E-19 

Statistical Terms
 

s e (Residuals) 2 /d. f 

1.261801E-02
se .
 

d.f. - 3 

ta - 3.18 

a - 0.05 

101enc Pp ~ on Individuals on the Mean 
(gohm-cm) Lower Upper Lower Upper 

0.0 6.90160E-01 9.61894E-03 6.39705E-01 7.40615E-01 6.59572E-01 7.20748E-01 
1.000E 00 7.59216E-01 8.67794E-03 7.10517E-01 8.07915E-OL 7.31620E-01 7.86812E-01 
2.0002 00 8.28272E-01 7.80739E-03 7.81087E-01 8.75457E-01 8.03444E-01 8.53099E-01 
3.00E 00 8.97327E-01 7.03350E-03 8.51389E-01 9.43265E-01 8.74961E-01 9.19694E-01 
4.00E 00 9.66383E-01 6.39149E-03 9.21404E-01 1.01136E 00 9.46058E-01 9.86708E-01 
5.O00E 00 1.03544E 00 5.92438E-03 9.91111E-01 1.07977E 00 1.01660E 00 L.05428E 00 
6.000E 00 .10449E00 5.67551E-03 1.06050E 00 1.14849E 00 1.08645E 00 1.12254E 00 
7.O00E 00 1.17355E 00 5.67370E-03 1.12955E 00 1.21754E 00 1.15551E 00 1.19159E 00 
8.000E 00 1.24261E 00 5.91915E-03 1.19828E 00 1.28693E 00 1.22378E 00 1.261432 00 
9.00E 00 1.31166E 00 6.38341E-03 1.26669E 0O 1.356632 00 1.29136E 00 1.331962 00 
1.o000 01 1.38072E 00 7.02323E-03 1.33479E 00 1.42664E 00 1.358382 00 1.40305E 00 
1.100E 01 1.44977E 00 7.79549E-03 1.40261E 00 I.49694E 00 1.42498E 00 1.474562 00 
1.200E 01 1.51883E 00 8.66485E-03 1.47015E 00 1.56750E 00 1.49127E 00 1.54638E 00 
1.3002 01 1.58788E 00 9.60499E-03 1.53746E 00 1.63831E 00 1.55734E 00 1.61843E 00 
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Table F-77 

ELECTRICAL RESISTIVITY OF WANL BERYLLIUM:
 
CHANGE FROM PREIRRADIATION TO POSTIRRADIATION
 

95% Confidence Limits 95%Confidence Limits
 
Temp o- on Individuals on the Mean
 
(OK) (g1obm-cm)
 

Lower Upper Lower Upper
 

80 0.89864 0.87169 0.92558 0.88231 0.91496
 

85 0.90372 0.87868 0.92875 0.89079 0.91664
 

90 0.90856 0.88361 0;93352 0.89579 0.92134
 

100 0.91758 0.89083 0.94432 0.90158 0.93357
 

110 0.92568 0.89821 0.95315 0.90851 0.94285
 

120 0.93286 0.90659 0.95912 0.91768 0.94803
 

130 0.93913 0.91323 0.96502 0.92460 0.95365
 

135 0.94190 0.91399 0.96980 0.92403 0.95976
 

i40 0.94446 0.91214 0.97677 0.92027 0.96864
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Table F-78 

ELECTRICAL RESISTIVITY OF TITANIUM: PREIRRADIATION 

Input Data Calculated Data Run Least Squares. 

Temperature Resistivity Resistivity Residuals NO. Fit Coefficients
 
COK) . (oh-cm) (pohm-cm) (input-cale) 

P = CI + C2T + C3 T2 

7.7399990 01 1.388000E 02 1.3864182 02 1.581421E-01 0
 
8.9560000 01 1.4020002 02 1.401418E 02 5.818176-02 I = .28635E 02
 
1.023600D 02 1.4160008 02 1.416998E 02 -9.953308-02 2 C1
 
1.268200D 02 1.44500C0 02 1.4461582 02 -1.157837F-01 3
 
1.414000D 02 1.4610081 02 1.463163E 02 -2.163391E-01 4 C 1.34424E-01
 
1.907000D 02 1.519000E 02 1.518577E 02 4.232788E-02 5 2
 
2.1260000 02 1.544000E 02 1.5421582 02 1.841736E-01 6
 
2.3423000 02 1.56600C2 
02 1.564825E 02 1.175385E-01 7 -6.63180E-05
 
2.8572000 02 1.6150002 02 1.6162852 02 -1.284637E-01 8
 

C3 


Statistical Terms 

s e = 4-(Residuals) 2 /d.f. 

= l.655993E-01
Be
 

d.f. - 6 

t- . 2.45 

a=- 0.05 

95% Confidence Limits 95% Confidence LimitsTemperature p S; on Individuals on the Mean
(OK) - m- Lower upper Lower I Upper 

80. 1.38964E 02 1.06732E-01 1.38482E 02 1.394472 02 1.38703E 02 1.39226E 02
 
90. 1.40196E 02 8.851782-02 1.39736E 02 1.40656E 02 1.39979E 02 1.404132 02


100. 1.41414E 02 - 7.61470-02 1.40967E 02 1.41860E 02 1.41227E 02 1.41600E 02110. 1.426198 02 6.99563E-02 1.42178E 02 1.43059E 02 1.524482 02 1.42790E 02,
 
120. 1.43811E 02 6.915802-02 1.43371E 02 1.43641E 02 02
1.44250E 02 1.43980E
130. 1.44989E 02 7.193042-02 1.44547E 02 1.45431E 02 1.448139 02 1.45165E 02
140. 1.46154E 02 7.631362-02 1.45708E 02 1.46601F 02 1.45967E,02 1.46341F 02,

150. 1.473062 02 8.08476-02 1.46855E 02 1.47758E 02 1.471082 02 1.47504 02 
160. 1.48445E C2 8.46404F-02 1.47989E 02 1.48900E 02 1.48237E 02 1.48652E 02.170. 1.495702 02 8.721482-02 1.49112E 02 1.50029E 02 4.49357E 02 1.49784E 02 
180. 1.50682E 02 8.83811E-02 1.50222E 02 1.51142E 02 1.50466E 02 1.508992 02 
190. 1.51781E 02 8.81681E-02 1.513222 02 1.522412 02 1.51565E 02 1.519072 02
 
200. 1.52867E 02 8.681492-02 1.52409E 02 1.533252 02 1.52654E 02 1.530802 02-210. 1.539392 02 8.48017E-02 1.53483F 02 1.54395E 02 1.53731E 02 1.54147E 02 
220. 1.549982 02 8.29221E-02 - 1.54545E 02 1.55452E 02 1.54795E 02 1.55201E 02

230. 1.560442 02 8.23280E-02 1.55591E 02 1.56497E 02 1.558422 02 1.56246E 02'
240. 1.570776 02 8.44434E-02 1.56621E 02 1.57532E 02 1.56870E 02 1.57283E 02
250. 1.580962 02 9.06416E-02 1.57633E 02 1.585582 02 1.57874E 02 
 1.58318E 02
 
260. 1.59102E 02 1.01804E-01 
 1.586262 02 1.59578E 02 1.588522 02 1.59351E 02
 
270. 1.60095E 02 1.18121E-01 1.595962 
02 1.605932 02 1.598052 02 1.60384E 02
280. 1.61074E 02 1.39307E-01 
 1.60544E 02 1.616042 02 1.607332 02 1.61415E 02

290. 1.62040E 02 1.64918E-01 1.614682 02 1.616362 02
1.626132 02 1.62444E 02 
300. 1.62993E 02 1.94550E-01 1.62367E 02 1.625172 02
1.63619E 02 1.63470F 02
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Table F-79 

ELECTRICAL RESISTIVITY OF TITANIUM: POSTIRRADIA[
 

Input Data Calculated Data Rim Least Squares 

Temperature Resii sistvty Residuals No. Fit Coefficients 

(K) (pohm-cm) (ohm-cm) (input -oale) 

SP = C1I + CgT 
7.7399990 01 1.394000E 02 1.396672E 0? -2.671814E-01 0
 
1.411000D 02 1.465000E 02 1.466781E02 -l.78115PE-01 2
 
1.897500D 02 1.52900CE 02 1.520326E 02 8.6737062-01 3 C
 
2.8141991) 02 1.61700CE 02 1.621220E 02 -4.2CS71E-01 4
 

- +I.I0062E-01
C2 


Statistical Terms
 

S - 4F,(ReSiduals) 2 /df.e 

- 7.18862E-01s e 

d.f. -2 

to =4.30 

a 0.05 

957 Confidence Limits 95% Confidence Limits
Temperature p ST on Individuals on the Mean 

(ox) ph-Lower Upper Lower .Upper 

80. 1.39953E 02 5.72786F-01 1.36001E 02 1.43906E 02 1.374902 02 1.42416E 02 
90. 1.410542 02 5.360692-01 1.371982 02 1.449102 02 1.387492 02 1.433592 02 

100. 1.42155E 02 5.01312F-01 1.383862 02 1.45023E 02 1.39999E 02 1.44310E 02 
110. 1.43255E G2 4.68951E-01 1.39564E 02 1.46946E 02 1.41739E 02 1.45272F 02 
120. 1.44356E C2 4.395152-01 1.40733F 02 1.47070E 02 1.42466E 02 1.462462 02 
130. 1.45456E 02 4.13629E-01 1.41890E-02 1.4q0232 02 1.43678E 02 1.47235F 02 
140. 1.465572 C2 3.91998-01 1.43036F 02 1.500782 02 1.44871E 02 1.48243 02 
150. 1.476582 02 3.75357E-01 1.44171E 02 1.511452 02 1.46044E 02 1.49272E 02 
160. 1.48758F 02 3.64391F-01 1.45293E 02 1.522242 02 1.471912 02 1.501252 02 
170. 1.498592 02 3.5q6192-01 1.464032 02 1.533152 02 1.48313E 02 1.51405E 02 
180. 1.509602 02 3.6128S8-01 1.47500E 02 1.54419E 02 1.49406E 02 1.52513r 02 
190. 1.52060E 02 3.6-109E-01 1.48585F 02 1.555352 0 1.50472E 0? 1.53648C 02 
200. 1.531612 02 3.83284E-01 1.496582 02 1.556642 02 1.515-132 02 1.54802E 02
 
210. 1.54261E C2 4.025942-01 1.50719E 02 1.57R04E 02 1.525302 02 1.55993F 02
 
220. 1.55362E 02 4.265142-01 1.5176RE 02 1.58956F 02 1.535282 02 1.571962 02 
230. 1.56463E 02 4.54317F-01 1.52806E 02 1.60110F 02 1.545092 02 1.58416F 02 
240. 1.57563P 02 4.85336E-01 1.53834F 0? 1.612932 02 1.554762 02 1.596508 02 
250. 1.58664E 02 5.189952-01 1.548512 02 1.62476E 02 1.56432E 02 1.60896F 02 
260. 1.59764E 02 5.54812E-01 1.55860E 32 1.63669E 02 1.57379E 02 1.62150E 02 
270. 1.608652 02 5.923982-01 1.56860E 02 1.64871'E 02 1.58318E 02 1.63412F 02
 
280. 1.61966E 02 6.31437E-01 1.57851F 02 1.660802 02 1.59251E 02 1.64681E 02 
290. 1.63066F 02 6.71675E-01 1.588362 02 1.67?97E 02 1.60178F 02 1.65955F 02 
300. 1.64167E 02 7.129082-01 1.598142.02 1.685202 02 1.61101E 02 1.67232E 02 
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Table F-80
 

ELECTRICAL RESISTIVITY OF TITANIUM: POSTIRRADiATION-ANNEAL
 

Input Data Calculated Data Run Least Squares 

Teperature Resistivity Resistivity Residuals No'. Fit Coefficients. 
(oK) ( tohm-cm) (gohm-cm)" Cput-calc, 

8.8700000 01 1,399000E 02- 1.400636E 02 -1.636200E-01 I -
P = C1 +C2T + CT2 3 

1.0390000 02 1.423000E 02 1.420696E 02 2.303619E-01 2 
1.3695000 02 1.462000E 02 1.462428E 02 -4.283142E-02 3 C = 1.27268E 02 
1.9030000 02 1.524000E 02 1.524345E 02 -3.450012E-02 4 
2.8296000 02 1.616000E 02 1.6L58932 02 1.069641E-02 5 

C2 = 1.54737E-01 

C3 - -1.18196E-04 

Statistical Terms
 

s = (Resduals) 2 /d.f.e 


s = 2.036875E-01e 


d.f. - 2 

ta = 4.30 

a- 0.05
 

95% Confidence Liits ,95% Confidence Limits'

Temperature P ST on Individuals - on theMean 

(OK) - (Pohm-cm) -Lower Upper - Lower Upper 

80. 1.38891E 02 1.95t82-01 1.37678E 02 1.40104E 02 1.38052E 02" 1.39730E' 02 
90. 1.40237E O 1.56583E-0 1.39133E 02 1.41342E 02 L.39564E,02 1.40911E OZ. 

,100. 1.4L560E 62 1.28235E-01 1.40525E 02 1.42595E 02 1.41009E 02 1.42112E202,
110. 1.42859E 02 1.12280E-01 1.41859E02 1.43859E 02 1.42376E 02- 1.43342E 02. 
120. 1.44135E 02 1.08983E-01 1.43141E 02 1.45128E 02 1.43666E 02 1.44603E 02 
130. 1.45387E 02 1.15174E-01 1.44381E 02 1.46393E 02 1.44891E 02 1.45882E 02 
140. 1.46615E 02 1.26164E-01 1.45585E 02 1.47645E 02- 1.46072E 02 1.47157E 02 
150. 1.478202 02 1.38279E-01 1.46761E 02 1.48878E 02 1.47225E 02 1.48414E 02 
L60. 1.4900LE 02 1.49330E-01 1.47914 02 1.50087E 02 1.48358E 02 1.49643E 02 
170. 1.50158E 02 1.5816LE-01 1.49049E 02 1.51267E 02 1.49478E 02 1.50838E 02 
180. 1.512922 02 1.64222E-01 1.50166E 02 1.52417E 02 1.50585E 02 1.51998E 02 
190. 1.52402E 02 1.673332-01 1.51268E 02 1.53535E 02 1.51682E 02 1.53121E 02
 
200. 1.53488E 02 .1.67588E-01 1.52354E 02 1.54622E 02 L.52767E 02 1.54209E 02
 
210. 1.54551E 02 1.65348E-01 1.53423E 02 1.55679E 02 1.53840E 02 1.55262E 02
 
220. 1.55590C 02 1.61304E-01 1.54473E 02 1.56707E 02 1.54896E 02 1:562832 02
 
230. 1.56605E 02 1.56564E-01 1.55501E 02 1.57710E 02 1.55932E 02 1.57279E 02
 
240. 1.57597E 02 1.52815E-01 1.56502E 02 1.58692E 02 1.56940E 02' 1.58254E 02 
250. 1.58565E 02 1.52334E-01 1.57472E 02 1.59659E 02 1.57910E 02 1.59220E 02
 
260. 1.59510E 02 1.57736E-01 1.58402E 02 1.606182 02 1.58832E 02 1.601882 02 
270. 1.60431F 02 1.71234E-01 1.59287E 02 1.615752 02 1.596952 02 1.61167E 02 
280. 1.61328E 02 1.93935E-01 1.60119E 02 1.62538E 02 1.60494E 02 1.62162E 02 
290. 1.62202E 02 2.257676-01 1.60894E 02 L.63509E 02 1.61231E 02 1.63173E 02
 
300. 1.63052E 02 2.66012E-01 1.61611E 02 1.64493E 02 1.61908E 02 1.64196E 02 
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Table F-81 
ELECTRICAL RESISTIVITY OF TITANIUM: DATA TAKEN AT ZERO REACTOR POWER 

AS A FUNCTION OF RADIATION EXPOSURE
 

Input Data Calculated Data
 
Run Least Squares
 

Fluence Resistivity Resistivity Residuals 
 No. Fit Coefficients 
(0 17 n/cma2 ) (pobn-er) (Iohm-cm) (input-calo) 
0.0 1.386000E 02 1.385847E 02 1.524353E-02 
 01.4629990 	00 1.389000E 02 
 1.388043E 	02 9.565735E-02 I 1 l C 21.945999D 	00 1.388000E 02 
 1.388768E 02 -7.684326E-02 2
4.0949990 	00 
 1.3900OE'02 1.391994E 02 -1.993866E-01 34.995999D 	00 1.395000E 02 
 1.393346E 	02 1.653748E-01 
 4 	 C1 . 1.38585E 02
 

C2"= 1.50097E-18
 

Statistical Terms 

B - 4S(Residuals)2/d.f.e 

s - 1.657220E-01e 


d.f. - 3 

t, - 3.18 

a - 0.05 

Fluence p 95%0Confidence Liits 95%o ofidence Limits2)(1017 n/era (1ohm-cm) " ST on Indiviul 	 onth Mean 

0.0 1.38585E 02 1.26313E-01 1.37922E 02 1.39247E 02 1.38183E 02 1.38986E 	02
1.000E 00 1.38735E 02 9.62247E-02 1.38125E 02 1.39344E 02 1.38429E 02 .1.39041E 02
2.000E 00 1.38885E 02 7.68846E-02 1.38304E 02 1.39466E 	02 1.38640E 02 1.39129E 02
3.000E 00 1.39035E,02 7.68846E-02 1.38454E 02 1.39616E 1.38791E 02
02 	 1.39280E 02
4.000E 00 1.39185E 02 9.62247E-02 1.38576E 02 1.39795E 02 1.38879E 	02 1.39491E 025.000E 00 1.39335E 02 1.26314E-01 1.38673E 02 1.39998 1.38934E 02'02 	 1.39737E 02
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Table F-82
 

ELECTRICAL RESISTIVITY OF TITANIUM:
 
CHANGE FROM 

(OK) (Aohm-em) 


80 0.6220 


100 0.6620 


120 0,6890 


.
140 0.7,110 


160 0.7210. 


180 0.7220 


200 0.7120 


220 0.6930 


240 0.6630. 


260 0.6230 


280 0.5740 


300 0.5140, 


PREIRRADIATION TO POSTIRRADIATION 

95% 	Confidence Limits 95% Confidence Limits
 
on Individuals on the Mean,
 

Lower Upper Lower .Upper,
 

-0.6526 1.8966 -0.1759 1.4199
 

-0.4949 1.8189 0.0699 1.2540
 

-0.4409 41.8189 0.1517 1.2262
 

-0.4381 1.8601 0.1344 1.2875
 

-0.4561 1.8981 0.0903 1.3516
 

-0;4705 1.9145 0.0632 1.3807
 

-0.4769 1.9009 0.0597 1.3642
 

.-0.4809 1.8669 .0;0684 1.3175
 

-0.3067 1.8327 0.0461 1.2796
 

-0.5896 1.8356 0.0715 1.3175;
 

-0.7695 1.9175 0.3299 1.4779
 

-1.0758 2.1038 -0.7267 1.7547
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Table F-83 

ELECTRICAL RESISTIVITY OF PO-3 GRAPHITE: PREIRRADIATION 

Input Data Calculated Data Rm Least Squares
 

Temperature Resistivity Resistivity Residuals No. 'Fit Coefficients
 
(0 K) (/ohm-cm) (1ohm-cm) (input-al) 

• "i + C2T
T+GCT 2 

0 - CI 
2.338169E 03 2.330811E 00 

7.7399990,01 2.340500E 03 

8.9849990 01 .2.275300E 03 2.275972E 03 -6.721191E-01 1
 
1.238500D 02 2.115300E 03 2.118196E 03 -2.8962406 00 2 CI 2.77804E 03
 
'2.049000D 02 1.813200E 03 1.8134176 03 -2.165527E-01 3 C0
 
2.198000D 02 1.76800CE 03 1.768323E 03 -3.227539E-01 4
 
,2.598599D 02 1.6690006 03 1.663926E 03 5.073975E OD 5 ' -6.27515E-00
C2 

2.7318990 02 1.6351006 03 1.634632E 03 4.682617E-01 6
 
2.902200D 02 1.59740C6 03 1.601162E 03 -3.761719E 00' 7
 

- 7.64946E-03
C3
 

Statistica Terms 

B - 4 (Re~±dua1s2 /d.f.e
 

- 3.302686E-00
 e 


d.f. - 5 

to - 2.57 

a - 0.05 

95%Confidence Limits 95% Confldence Limits 
Temperature " P S. on Individuals on the Mean 

S(On . (golm-Lm) ower Upper Lower Upper 

80. 2.32498E 03 2.32601E 00' 2.31460E 63 2.33537E 03 2.31901E 03 2.33096E :03 
90. 2.27524E 03 1.99352F 00 2.26532E 03 2.28515E 03 2.27011E 03 2.28036E 03
 
100. 2.227026 03 1.7970ZE 00 2.21736E 03 2.23668E 03 2.22240E 03 2.23164E 03
 
110. 2.18033E 03 1.73081E 00 2.17075E 03- 2.18991E 03 2.17588E 03 2.18478E 03
 
120. 2.135176 03 1.76471E 00 2.12555E 03 2.14480E 03 2.13064E 03 2.139716 03
 
130. 2.09155E C3 1.85646E 00 2.08181E 03 2.10128E 03 2.086776 03 2.09632E 03 
140. 

2
.o0

49 
45E 03 1.96852E 00 2.03957£ 03 2.05933E 03 2.04439E.03 2.05451E 03 

150. 2.008886 03 2.07454E 00 -1.99886E603 2.01890E 03 2.00355E 03 2.014216 03 
160. 1.969846 03 2.15795E 00 1.95970E 03 1.97998E 03 1.964306 03 1.975396 03 
170. 1.93233E 03 2.20897E 00 1.92212E 03 1.942556 03 1.92666E 03 1.93801E 03 
180. 1.896366 C3 2.22225E 00 1.88612E 03 1.90659E 03 1.89064E 03' 1.90207E 03 
190. 1.86191E 03 2.19556E 00 1.85171E 03 1.872106 03 1.85626E 03 1.86755F 03 
200. 1.82899E 03 2.12931E 00 1.81889F 03 1.839096 03' 1.82352E 03 1.83446E 03 
210. 1.797606 03 2.026786 00 1.78764E 03 1.807566 03 1.79239E 03 1.802816-03 
220. 1.767746 03 1.89526E 00 1.75795E 03 1.77753E 03 1.762876 03 1.77261E 03 
230. 1.73941E 03 1.74855S 00 1.72981E 03 1.74902E 03 1.734926 03 1,74391E 03 
240. 1.71261E 03 1.61114E 00 1.70317E 03 1.72206E 03 1.708476 03 1.71675E 03 
250. 1.68734E 03 1.523146 00 1.67800E 03 1.69669E 03 1.683436, 03 1.69126E 03 
260. 1.66360E 03 1.53729E 00 1.654246 03 1.6729TE 03 1.659656 03 1.66755E 03 
270. 1.64140E 03 1.69714E 00 1.631856 03 1.65094E 03 1.637036 03 1.64576E 03 
280. 1.62072E 03 2.01162E 00 1.61078E 03 1.63065E 03 1.61555E 03 1.62589E 03
 
290. 1.60157E 03 2.461366 00 1.590986 03 1.612156 03 1.59524E 03 1.60789E 03
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Table F-85 

ELECTRICAL RESISTIVITY OF PO-3 GRAPHITE: POSTIRRADIATION-ANNEAL 

Input Data Calculated Data Run Least Squares 

Temperature Resistivity Resistivity Residuals No. Fit Coefficients
 
(OK) (pohm-cm) (pohm-cm) (input-cale) 

7.739999D 01 3.L97000E 03 3.201891F 03 -4.890625F 00 0 P - CI + C2 T + C 

8.979999D 01 3.17700CE 03 3.172219E 03 4.780518E 00 1 
1.2440000 02 3.091600E 03 3.089900E 03 1.699707E 00 2 
2.012000D 02 2.908500E 03 2.9096682 03 -1.168457E 00 3 3.38912E 03C1 

2.142000D 02 2.878100E 03 2.879500E 03 -1.3990022 00 4 
2.784600D 02 2.732800E 03 2.731819E 03 9.8046882-01 5 C -2.44147E-00 

- 2.90866E-04
C3 


Statistical Terms 

s (Residuals) 2 /d.f. 

s e = 4.240552E-00 

d.f. - 3 

to 3.18 

a 0.05 

95% Confidence Limits 95% Confidence Limits
Temperature, p S on Individuals on the Mean(0K) ( oi-cm) Lower Upper Lower Upper 

80. 3.19566E 03 3.01490E 00 3.17912E 03 3.21221E 03 3.18607F 03 3.20525F 03 
90. 3.17174E 03 2.56389E 00 3.15598F 33 3.18750E 03 3.16359E 03- 3.17989E 03
 

100. 3.14788E C3 2.31253E 00 3.13252F 03 3.16324E 03 3.14053E 03 3.15523E 03
 
110. 3.12408E 03 2.24777E 00 3.10881F 03 3.139342 03 3.116932 03 3.13122E 03
 
120. 3.10033E 03 2.318142 00 3.08496E 03 3.11570E 03 3.09296E 03 3.10770E 03
 
130. 3.07664E 03 2.45853E 00 3.06105F 03 3.09223E 03 3.06882E 03 3.08446E 03
 
140. 3.05301E 03 2.615962 00 3.03717E 03 3.06886F 03 3.04469E 03 3.06133E 03
 
150. 3.02944E 03 2.75607E 00 3.01336F 03 3.04552E 03 3.02068E 03 3.03821E 03
 
160. 3.00593E 03 2.85896E 00 2.089672 03 3.022192 03 2.q96842 03 3.01502E 03
 
170. 2.98247E 03 2.91458E 00 2.96611F 03 2.-q884F 03 2.97321F 03 2.99174E 03
 
180. 2.95908E 03 2.91944F 00 2.94271E 03 2.97545t 03 2.94979E 03 2.96836E 03
 
190. 2.93574E C3 2.87575E 00 2.91945F 03 2.9q203E 03 2.92659E 03 2.94488F 03
 
200. 2.91246F C3 2.79135E 00 2.896312 03 2.92P60F 03 2.9035PE 03 2.92133E 03
 
210. 2.88924E 03 2.68175E 00 2.87328F 03 2.90519E 03 2.88071E 03 2.89776E 03
 
220. 2.86607E 03 2.57293C 00 2.85030F 03 2.88184F 03 '.9578qE 03 2.87425E 03
 
230. 2.84297E 03 2.50441F 00 2.82731E 03 7.85863E 03 2.835002 03 2.85093E 03
 
240. 2.81992E 03 2.52800E 00 2.60422F 03 2.83562F 03 2.118E 03 2.82796E 03
 
250. 2.79693E 03 2.68518E 00 2.780q5E 01 2.81291F 03 '.788362 03 2.80550E 03
 
260. 2.77400E 03 3.03766F 00 2.75741E 03 2.705Q2 03 2.76434E 03 2.78366F 03
 
270. 7.75112E 03 3.55837F 00 2.73352F 03 2.76873E 03 2.739812 03 2.76244E 03
 
280. 2.72831E 03 4.242052 00 2.70924E 03 2.74733E 03 2.71482E 03 2.74180E 03
 
290. 2.70555E C3 5.06962E 00 2.68453E 03 2.726572 03 2.68943E 03 2.72167F 03
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Table F-84 

ELECTRICAL RESISTIVITY OF P0-3 GRAPHITE: POSTIRRADIATION 

Input Data Calculated Data.t S 
Temperature Resistivity Resistivity Residuals No. Fit Coefficients 

(OK) .(gohm-cm) (Atobxa-cm) (input-caic) 

+ +
7.739999D 01 3.526800E 03 3.531958E 03 -5.157959F 00 0 P C1 C2 T C3 T
2
 

9.214000D 01 3.512900E 03 3.509524E 03 3.375732E 00 
 1 
1.2303000 02 3.451500E 03 3.447113F 03 4.386963E 00 2
1.9340000 02 3.228700F 03 3.227094E 03 
 1.606445E 00 3 I 3.57185E 03
Cl 

2.111000D 02 3.148900E 03 3.154723E 03 
 -5.823486E 00 42.8948000 02 2.75360C6 03 2.751984E 03 1.615479E 00 5
 02 = 3.30119R-0l 

C3 = -1.09242E-02 

Statistical Terms
 

Se - .(Resduals)2/d.f. 

s m 5.667125E-00
 

d.f. - 3 

ta 3.18
 

a . 0.05 

Tmeaue95% Confidence Limits 95% Confidence Limits, )Temperature p S on Individuals on the Mean ' (OK) (o - Lower Upper Lower Upper 

80. 3.52835E 63 4.062762 00 3.55052E 033.50617E 03 3.51543E 03 3.54126E 03 
90. 3.51308E 03 3.45676E 00 3.49197E 03 3.53419E 03 
 3.50208E 03 3..52407E 03
100. 3.49562E 03 3.07233E 00 3.47512E 03' 3.51612E 03 3.48585E 03 3.505396 03110. 3.47598E 03 2.90866E 00 3.45572E 03 
 3.49624E 03 3.46673E 03 3.48523E 03


120. 3.45416E 03 2.92536E 00 3.43388E 03 3.47444E 03 3.44485F 03 3.46346E 03
130. 3.43015E 03 3.05585E 00- 3.40967E 03 3.45062E 03 
 3.42043E 03 3.43987E 03
140. 3.40395E 03 3.235746 00 3.38320E 03 3.42471E 03 3.39366E 03 
 3.41424E 03

150. 3.37558E 03 3.41793E 00 
 3.35453E 03 3.39662E.03 3.96471E 03 3.38644E 03

160. 3.34501E 03 3.572956 00 3.32371E'03 3.36632E 03 3.33365E 03 3.35637E 03
170. 3.31226E 03 3.68424E 00 3.2qO77E 03 3.33376E 03 
 3.30055E 03 3.32398E 03180. 3.27733E 03 3.74402E 00 3.25573E 03 3.29893E 03 3.26542E 03 3.28 24E 03

190. 3.24021E 03 3.75147E 00 3.21860E 03 3.26182E 03 3.22828E 03 
 3.25214E 03

200. 3.20091E 03 3.71182E 00 3.17937E 03 3.22245E 03 3.18910E 03 
 3.21271E 03


'210. 3.15942E 03 3.63686E 00 3.13801E 03 3.18083E 03 3.14786E 03 
 3.17099E 03

220. 3.11575E 03 3.54689F 00 3.09449E 03 3.13701E 03 3.10447E 03 
 3.12703E 03
230. 3.06989E G3 3.47255E 00 3.04875E 03 3.091036 03 3.05885E 03 3.08093E 03

240. 3.02185E 03 3.45576E 00 3.00074E 03 3.042962 03 3.01086E 03' 3.03284E 03250. 2.97162E 03 3.54616E 00 2.950366 03 2.992886 03 2.96034F 03 2.98290F 03
260. 2.91921E 103 3.78963E 00 2.89753E 03 2.94089C 03 2.9016E 03 2.9312'E 03
270. 2.86461E 03 4.21489E 00 2.84215E 03 2.88707E 03 2.85121E 03 
 2.87802F 03
 
280. 2.80783E 03 4.828616 00 2.78415E 03 2.83151E 03 2.79248E 03 2.82319E 03 
290. 2.74886F 03 5.62131E 00 2.72348E 03. 2.771,252 03 2.73099E 03 2.76674E 03 
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Table F-86 

DATA TAXEN AT ZERO REACTORPO-3 GRAPHITE: 

POWER AS "A FUNCTION OF RADIATION EXPOSURE
ELECTRICAL RESISTIVITYOF 

InputData 	 Calculated Dam Run Least Squares 
i oefcet
 

lue/ce Resistivity Resistivity 1Residuals O 

(1017 n/ra 2 ) , (feet=-=) (pohm-em) (input-cale) 

Y 
2 .315937E 03 -4.83374'0E 01 01 

2.3276100E 103
0.0 13.207259F 03 1.1244L4E 021.221999D 00 3 3 9700F 01 

3.378800E 03 3.387472E 03 -8.671875E 00 24.2870000 00 

-1.435281E 02 

9.0200000 00 3.-4164COE 03 3.69926E 03 	 3 

8.810474E 01 41.10o500D 01 3.5293602 03 3.441195E 03 	
C2 - 3.24754E-15 

C3 - -2.07139E-33 

Statistical Terms 

1.473389E 02
 

d.f. -2 

t=4.30 

S0.05 

957 Confidenoe Limits
957 Confidence limits-

Fleu.P 	 9y on ndividuss on the Me = 

3.25966E 03 1.75985E 03 Z.99203E 03 
00 2.37594E 03 1.43276E 02 1.49222E 03 	

2.23005E 03 3.12991E 03 
1.04635E 02 1.90291E 03 3.4570"5 03 

2.67998 03 	 03
1.000E 00 	 2.56141E 03 3.323772 

03 .86474 01 2.20320E 03 3.681982 03 

2.000E 00 2.942596 	 2.77206E 03 3.55549E 03 
2.41890E 03 3.90865t 03 

3.O00E 0 3.16378E 03 9.109652 01 	 3.77389E 034.109433 03 2.91317E 03 
03 1.00084E 02 2.57763E 03 

5.0005 n0 3.48186E 3.11146C 03 4.O04606E 03 
4.00E 00 3.34353E 	 3.02140E 03 3.94232E 03 

03 1.07084E 02 	 2.69865E 03 4.26507E 03 


2.79151E D3 
 4.366012 03 

03 1.08674E 02
6.000E 00 3.57876E 	 4.08344E 03
3.18503E 03
2.85759E 03 4.410882 03 


7.000e 00 3.63423E 03 1.04466E 02 	 4.064072 0303 3.23249E 03 
8.000E 00 3.64828E 03 9.66947E 01 2.89047E 03 

4.01502F 03 
4.40609C 
4.36704E 03 3.22678E 03 


9.OOOE 00 3.62092E 03 9.1655ZE 01 2.87476E 03 	
3498321E 034.30842F 03 3.12097E 032.78576E 03
1.00261E OZ1.0005 O 3.55209F 03 	 Z.88123E 03 4.002486 034.28784 032.59586E 03
1.30378E 02
3.44185E 03
1.100E OL 
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ELECTRICAL 
CHANGE FROM 

em AP. 
(eKp -e 


(OK) (pjohm-cem). 

80 1203.3 


100 1268.6 

7 
120 1318.9 


O 1354.5 


160 1375.1 


IM0 1380.9 


200 1371.9 


220 1348.0 


240 1309.2 


260 1255.6 


280 1187.1 


Table F-87 

RESISTIVITY OF PO-3 GRAPHITE:, 
PREIRRADIATION TO POSTIRRADIATION 

95%. Confidence Limits-
on Individuals 


Lower 


185.9 


1252.4 


1302.9 


1338.1 


1358.3 


1363.9 


1355.0 


1331.4 


1293.0 


1239.2 


1169.4 


Upper 


1220.7 


1284.7 


1334.9 


1370.8 


1392.0 


1397.9 


1388.8 


1364.5 


1325.4 


1271.9 


1204.7 


95% Confidence Limits 
on the Mean
 

Lower Upper
 

1193.3 1213.4
 

1260.9 1276.2
 

1311.5 1326.4
 

1346.2 1362.7
 

1366.0 1384.2
 

1371.5 1390.4
 

1362.7 1381.1
 

1339.5 1356.5
 

1301.4 1317.0
 

1247.4 1263.7
 

-1176.6 1197.5
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Table F-88 
ELECTRICAL RESISTIVITY OF PO-3 GRAPHITE: RML RUN P4 WITH LN2 BATE 

Input Data Calculated Data
 
Run Least Squares 

Temperature Resistiistiv ity stivity Residuals No. Fit Coefficients
 
(OK) (gohm-cm) (pohm-cm) (input-calc) 

7.7399990 01 3.194200E 03 3.197891E 03 -3.691406E 00 0 P C C2T + C3T2 
1

8.9859990 01 3.167700E 03 3.165743E 03 1.957275E 00 1 
1.2550000 02 3.078700E 03 3.074326E 03 4.373779E 00 2
1.7740000 02 2.941000E 03 2.942631E 03 -1.631104E 00 3 3.39978E 03C1 .
2.171100D 02 2.841300E 03 2.843012E 03 -1.12158E 00 4 
2.339000D 02 2.801100E 03 2.801189E 03 -8.959961E-02 5 =
3.0587990 02 2.624700E 03 2.623904E 03 7.956543E-01 6 -2.63273E-00
C2 


C3 - 3.14469E-04
 

Statistical Terms
 

Se = 4,(Residuals)2fd.f. 

as 3.271864r-00
e 


d.f. - 4 

ta - 2.78 

a 0.05 

TemperatureTrtr("K) (he- )P S 95% Confidence Limits 95% Confidence Limitson Individuals on the Mean 
Lower Upper Lower Upper
 

80. 3.19117E 03 2.29171E 00 3.18007E 03 3.20228E 03 
 3.18480E 03 3.19755E 03

90. 3.16538E 03 1.97497E 00 3.15476E 03 3.17601E 03 3.15989E 03 3.17087E 03


100. 3.13965E 03 1.75159E 00 3.14997E 03
3.12934E 03 3.13478E 03 3.14452E 03
 
110. 3.113992 03 1.62330E 00 
 3.10383E 03 3.12414E 03 3.109472 03 3.118502 03

120. 3.088382 03 1.57965E 00 3.07828E 03 3.098482 03 
 3.083992 03 3.09277E 03
130. 3.06284E 03 1.59866 00 3.05272E 03 
 3.07296E 03 3.05840E 03 3.06728E 03
140. 3.037362 03 1.65425E 00 3.02717E 03 3.047552 03 3.03276E 03 3.04196E 03

150. 3.01195E 03 1.72377E 00 3.00167E 03 3.02223E 03 3.00715E 03 3.01674E 03

160. 2.98659C 03' 1.79080E 00 2.97623E 03 2.98162E 03
2.99696E 03 2.99157E 03

170. 2.96131E 03 1.84480E 00 2.95086E 03 
 2.971752 03 2.95618E 03 2.96643E 03

180., 2.93608E 03 1.879862 00 2.92559E 03 2.94657E 03 2.930852 03 2.94130E 03

1904 2.91091E 03 1.89346E 0 2.90041E 03 2.92142E 03 
 2.90565E 03 2.91618E 03
200. 2.88581e 03 1.88604E o0 
 2.87531E 03: 2.89631E 03 2.88057E 03 2.69106E 03
 
210. 2.86078E 03 1.86088E 00 2.85031E 03 2.85560E 03
2.87124E 03 2.86595E 03
 
220. 2.83580E 03 1.82447E 00 2.82539E 03 2.84622E 03 2.83073E 03 2.84087E 03
230. 2.81089E203 1.78724E 00 2.800522 03 2.821252 03 2.80592E 03 
 2.81586E 03
 
240. 2.78604E 03 1.76430E 00 2.775712 03 2.79637E 03 2.78113E 03 2.79094E 03

250. 2.76125E 03 1.77486E 00 2.75091E 03 2.77160E 03 2.75632E 03 2.76619E 03

260. 2.73653E 03 1.84008E 00 2.72609E 03 2.73141E 03
2.74697E 03 2.74164E 03
270. 2.711812 03 1.97809E 00 2.722502 03
2.70124E 03 2.70637E 03 2.71737 03
280. 2.68727E 03 2.199292 00 2.67631E 03 2.68116E 03
2.69823E 03 2.69339E 03
 
290. 2.66274E 03 2.50547E 00 2.65128E 03 2.67419E 03 03
2.65571 2.66970E 03

300. 2.63826E 03 2.89254E 00 2.62612E 03 2.65041E 03 
 2.630222 03 2.64631E 03

310. 2.61386E 03 3.35425E 00 
 2.600832 03 2.62688E 03 2.604532 03 2.62318E 03
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Table F-89 

ELECTRICAL RESISTIVITY OF P0-3 GRAPHITE: IML RUN P5 WITH LN2 BATH 

TInpt Data Calculated Data Run Least Squares; 
Temperature Resistivity Resistivity Residuals No. Fit Coefficients 

(OK) (Qohm-cm) (pom-cm) (inputrcalc) 

0 P - C1 + C2T + C3 T
2 

03 3.193742E 03 1.057861E 00
7.739999D 61 3.194800E 
8.9859990 01 3.161500S 03 3.160919E 03 5.805664E-01 1 
1.2550000 02 3.066500E 03 3.068439E 03 -1.939209E 00' 2 
1.7744G0002 2.934600E 03 2.9373882 03 -2.788330E 00 3 C - 3.40333E 03t 
2.171100D 02 2.841800E 03 2.840Z722 03 1.527588E 00 4 

C2
2.3390000 02 2.802800E 03 2.799945E 03 2.854980E 00 5 - -2.77120E-00 
3.058799D 02 .2.631000E 03 2.632291E 03 -1.291260E 00 6 

- 8.18904E-04C3 


Statistical Terms
 

.. F.Resduls )2 /d.f. 

B 2.507151E-00
e 


d.f. -4 

- 2.78t a 

a - 0.05 

95% Confidence-Lits. 95%.Confidence Liits, 
Temperature P on Individuals on the Mean 

(K) (1 ohm-cm) Lower Upper Lower Upper 

80. 3.18687E 03 1.756088 00 3.17836E 03 3.19538E 03 3.18199E 03 3.19175E 03
 
90. 3.16055E 03 1.51339E'00 3.152412 03 3.16869E 03 3.15634E 03 3.16476E 03
 

100. 3.13440E 03 1.342242 00 3.12649E 03 3.14230E 03 3.13066E 03 3.13813E 03 
110. 3.10840E 03 1.24394E 00 3.10062E 03 3.11618E.03 3.10495E 03 3.1Mf186 03
 
120. 3.08258E 03 1.21050E 00 3.07484E 03 3.09031E 03 3.079212 03 3.08594E 03
 
130. 3.05691E 03 1.22505E 00 3.04915E 03 3.06467E 03 3.05350E 03 3.06032E 03
 
140. 3.03141E '03 1.26764E 00 3.02360E 03 3.03922E 03 3.027892 03 3.03493E 03
 
150. 3.00607E 03 1.32089E 00 2.99819E 03 3.01395E 03 3.00240E 03 3.009 4E 03
 
160. 2.98090E 03 1.372242 00 2.97295E 03 2.98884E 03 2.977082 03' 2.984712' 03
 
170. 2.95589E 03 1.41360E 00 2.94789E 03 2.963892 03 2.951962 03 2.959822 03
 
180. 2.93104E 03 1.44046E O 2.92301E 03 2.93908E 03 2.92704E 03 2.935052 03
 
190. 2.90636E 03 1.450868 00 2.89831E 03 2.914412 03' 2.90233E 03 2.91039E 03
 
200. 2.88184E 03 1.44516E 00 2.87380E 03 2.88989E 03 2.877832 03 2.88586E 03
 
210. 2.85749E 03 1.42589E 00 2.84947E 03 2.865512 03 2.85352E 03 2.861452 03,
 
220.* 2.83330E 03 1.39796E 00 2.82532E 03 2.84128E 03 2.82941E 03 2.83718E,03
 
230., 2.809272 03 1.369482 00 2.801332 03 2.817212 03 2.805462 03 2.813082 03
 
240. 2.78541E 03 1.35187E 00 2.77492 03 2.79333E 03 2.78165E 03 2.78917E 03
 
250. 2.76171E 03 1.35996E 00 2.75378E 03 2.769642 03 2.757932 03 - 2.76549E.03 
260. 2.73817E 03 1.40995E 00 2.73018E 03 2.74617E 03 2.7342SE 03 2.74209E.03
 
270. 2.714802 03 1.515712 00 - 2.706662 03 2.722952 03 2.71059E 03 2.71901E 03 
280. 2.69159E 03 1.68523E 00 2.68319E 03 2.699992 03 2.686912 '03 2.696282 03 
290. 2.668552 03 1.91986E 00 2.65977E 03 2.67733E 03 2.66321E 03- 2.67389E.03
300. 2.64567E 03 2.21649E 00 2.63637,03 2.65497E 03 2.63951E 03 2.65183E,03
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Table F-90 
ELECTRICAL RESISTIVITY'OF P0-3 GRAPHITE: IML RUN P6'WITH'LN2 BATH 

Input Data - Calculated Data 
________________________________________ "Run .Least Squares 

Temperature 
(TK) 

Resistivity 
(oln-m) 

Resistivity 
(gohm-cm) 

Residuals 
(input-cale) 

No. Fit Coefficientd 

P CT4 C3 2 

7.7399990 01 
8.9689990 01 
,1.2468000 02 
'l.7666000 02 

3.204400E 03 
3.133000E 03 
3.026100E 03
2.871100E 03 

3.192310E 03 
3.147556E 03 
3.026910E 03 
2.866175E 03 

1.209033E 01 
-1.455640E 01 
-8.100586E-01
4.925049E 00 

, 
0 
1 
23 C1 

3 

-3.50256E 03 
2.1774000 02 2.755400E 03 2.754784E 03 6.154785E-01 4 
4i.356 0 0o0 02 2.708400E 03 2.710662E 03 -2.262207E 00 5 C = -4.32498E-00 

= 4.09085E-03C3 


Statistical Terms
 

= 4F(Residuals) 2 /d.f.e
 

s= 1.137941E 01
 

d.f. -3 

3.18
 

a 0.05 

95% Confidence ULimts 95% Confidence LimitsTeperature PsT on Indivial*,(O) (pohm-cm) 	 Lower Upper Loweron the Me an Upper 

80'. - 3.18274E 03 8.41236E 06 3.13774E 03 3.22774E 03 3.15599E'03 3.20949E 03
90.. 3.14644E 03 6.85719E 00 3.10420E 03 3.18869E03 3.12464E 03 3.16825E 03 

100." 3.11097E 03 6.30546E 00 3.06960E 03 3.15234E 03 3.09092E 03 3.13102E 03.110. 3.07631E 03 6.55849E 00 3.03454E 03 3.11807E 03 3.05545E 03 3.09716E 03
120. 3.04247E 03 7.19729E 00 2.99965E 03 3.08528E 03 3.01958E 03 3.06535E-03 
130o. 3.00944E 03 7.88124E 00 2.96543E 03 3.05346E 03 2.98438E 03 3.03451E 03
140 '2.97724E 03 8.42190E 00 2.93222E 03 3.02226f 03 2.95046E, 03 . 3.00402E, 03 
150: 	 2.94585E 03 8.72933E 00 2.90025E 03 2.99146E 03 2.91809E 03 2.97361E 03 

2.91528E .03 2.86960E 032160. 8.767460E 00 	 2.96097E 03 2.88740E 03 2.94316E'03

.170. 2.88553E 03 8.53490E 00 2.84030E 03 2.93077E 03 2.85839E 03 2.91268F 03180. 	 2.85660E 03 8.06423E 00. 2.81225E'03 2.90095E.03 2.83096E 03 2.88225E 03
 
190. - 2.82849E 03 7.43677E 00 2.78526E 03 2.87,172E 03 2.80484E 03 2.85214E 03
20z. 2.80119E 03 6.82099E 00 2.75900E 03 2.84338E 03 2.77950E. 03 2.82288E 03
210. 	 2.77472E 03 6.52178E 00 2.73301E 03 2.81642E 03 2.75398E 03 2.79546E 03
 
220. 	 2.74906E 03 6.93878E 00 2.70667E 03 2.79144E 03 2.72699E 031 2.77112E 03

230. 	 2.72422E 03 8.31677E 00 2.67940E 03 2.76904E 03 2.6977E 03 2.75066F. 03

240. 	 2.76019E 03 1.06009E 01 
 2.65074E 03 2.74965E 03 2.66648E03 2.73390E,03
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Table F-91
 

ELECTRICAL RESISTIVITY OF P0-3 GRAPHITE: IML RUN P7 WITH LN2 BATH
 

Input Data Calculated Data Run Leadt Squares 

Temperature Resistivity Resistivity Residuals No. Fit Coefficients 
(OK) . (pohm-cm) (pohm-cm) (input-calc) 

P 0C1 + C2T + C3 T2 

8.9009990 01 3.112400E 03 3.113576E 03 -1.1T62 OE 00 L 
1.2144000 02 
1.7004000 02 

2.998900E 03 
2.833800E 03 

2.997422E 03 
2.832708E 03 

1.478271E 00 
1.091309E 00 

2 
3 CI - 3.45807E 03 .-

2.083700D 02 2.711200E 03 2.710719E 03 4.809570E-01 4 
2.2364000 02 2.660900E 03 2.664065E 03 -3.165527E 00 5 
2.6885990 '02 2.533700E 03 2.532407E 03 1.292969E 00 6 C2 = -4.08175E-00 

C3 - 2.37611E-03 

Statistical Terms
 

s e = E(Residuals) 2 /d.f. 

Se 2.358212E-00
 

d.f. - 3 

ta = 3.18 

a - 0.05 

95% Confidence Limits 95% Confidence Limits
Temperature S-- on Individuals on the Mean 

-(K) (uzohm-cmS)Lower . Upper Lower Upperj 
180. 3.14673E 03 2.49126E 00 3.13583E 03 3.15764E 03 3.13881E 03 3.15466E 03
 
90. 3.10996C 03 2.05054E 00 3.10002E 03 3.11989E 03, 3.10344E 03 3.11648E 03 

100. 3.07365E 03 1.1032E 00 3.06439E 03 3.08292E 03 3.06821E 03 3.07909E 03 
110. 3.03783E 03 1.48078E 00 3.02897E 03 3.04668E 03 3.03312E 03 3.04253E 03 
120. 3.60247E 03 1.36143E 00 2.993812"03 3.01113E 03 2.99814E 03 3.00680E 03 
1,30; * 2.967602 03 1.33244E 00 2.958982' 03 2.97621E 03 2.96336E 03 2.97183E 03 
140.- 2.933192 03 1.359282 00 2.92454E 03 2.94185E 03 2.92887E'03 2.93752E 03 
150- 2.89927E 03' 1.40745E 00 2.890532 03 2.90800E 03 2.894792 03 2.90374E 03 
160' 2.86582E 03 1.45168E 00 2.85701E 03 2.874622 03 2.86120E 03 2.870432 03 
170. 2.83284E 03 1.47674E 00 2.82399E 03 2.84169E 03 2.82814E 03 2.83754E 03
 
180. 2.800342 03 1.47515E 00 2.791492 03 2.80918E 03 - 2.79565E 03 2.80503E 03 
190. 2.76831E.03 1.44567 00 2.75952E 03 2.77711 03 2.76372E 03 2.77291E 03
 
200. 2.73676E, 03 1.392952 00 2.72805E 03 2.74541E 03 2.732332 03 2.74119E'03
 
210. 2.70569E- 03 1.32921E 00 2.69708E 03 2.71429E 03 2.70146E 03 2.709912.03
 
220. 2.675092 03 1.27689E 00 2.666562 03 2.683612 03 2.67103E 03 2.679152 03
 
230. 2.64496E 03 1.27024E'00 2.63644E 03 2.65348E 03 2.64092E 03 2.649002 03
 
240 2.615312 03 1.34905E 00 2.606672 03 2.62395E 03 2.611022 03' 2.61960E 03
 
250. 2.58614E 03 1.54120E 00 2.57718E 03 2.595102 03 2.58124E 03' 2.59104E 03 
.260. 2.55744E 03 1.85103E bO 2.54790E 03 2.56697E 03 2.55155E 03 2.563322 03 
270. 2.52921E 03 2.26742E 00 2.51881E 03 2.539622 03 2.52200E 03 2.53642E 03
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Table F-92 

ELECTRICAL RESISTIVITY 4OF P0-3 GRAPHITE: i RUN, P8 WITH ICEWATER BATH 

Input Data 'Calculated Data Run Least Squares 

No; Fit Coefficients
T p rture( Resistivity ResidualsK-- ResistiVity 

("K (ph.-cmu) (tohm-cm) (zpt-cic
 

V P C +CT + CT2 

2.7314990 02 2.518900E 03 2.522401E 03 -3.501221E 00 0 1 2 3 
2.7625000 02 2.517600E 03 2.514458E 03, 3.142334E -00 . 1 
2.8499000 02 2.493100E 03 2.492154E 03 9.460449E-01 2 I3 
3.088098D 02 2.431700E 03 2.432061E 03 -3.6108402-01 3 3.28972E 
3.5079980 02 2.327900E 03- 2.328595E 03 -6.955566E-01 4 
3.7087990 02 2.280700E 03 2.280230E 03 4.699707E-01 5 C2 = -3.05306E-00 

8.92957E-04
C3 -

Statistical Terms
 

se = 4(Residuals) 2 /d.f. 

B 2.820332E-00
e 


d.f. 3
 

t= 3.18
 

a = 0.05 

- - 95%-Confidence Limits 95% Confidence Limits.Temperature '-S I . on Individuals on the Mean 
- (OK) • (pohim-cm) e Upper Lower Upper- - j 

270. 2.53049E, 03 2.25381E 00 2.51901E 03- 2.54197E 03 2.52332E203- 2.53766E 03
 
280. 2.50487E 03 1.50244E 00- 2.49471E'03 2.51503E 03 2.50009E 03. 2.50965E 03
 
290.. 2.47943E 03 1.53710E'00 2.46922E 03 2.48965E 03 2.47454E 03. 2.48432E.03
 
300. 2.45417E 03 1.92856E,00 2.44330E 03 2.46503E,03 2.44804E 03 2.46030E 03
 
310, 2.42908E 03 2.26526E 00 2.41758E 03 2.44059E 03 2.42188E 03 2.43629E 03
 
320. 2.40418E '03 2.41951E 00 2.392362'03 2.41600E '03 2.39649E-03, 2.41187E 03
 
330. 2.37945E 03- 2.37191E 00 2.36774E 03 2.39117E 03, 2.37191E 03 2.38700E 03
 
340. 2.35491E 03 2.15563E 00 2.34362E 03 2.36619E'03 2.34805E 03 2.36176E 03
 
350. 2.33054E 03' 1.89135E 00 2.31974E,03 2.34134E 03 2.32452E'03- 2.33655 ,03
360. 2.30635E 03 1.88538E 00 2.29556E 03 2.31713E 03 2:30035E 03 2.31234E 03
 
370. 2.28233E 03 2.49457E 00 2.27036E 03 2.29431E 03 2.27440E 03 2.29027E 03
 

39:7
 

http:2.48432E.03


Table F-fl 
ELECTRICAL RESISTIVITY OF PO-3 GRAPHITEs ILRUN P9 WITH ICE-WATER BATH 

Input Data Calculated Data Rin Least Squares
 

'Temperature Resistivity Resistivity Residuals No. Fit Coefficients 
(.K) (Vohm-cm) (Mohm-cm) (input-cale) 

p - + C2 TCI 

5.581055E-01 02.731499D 02 2.364500E 03 2.363942E 03 

3.0554980 02 2.280700E 03 2.281719E 03 -1.019043E 00 1 
,3.4475000 02 2.182700E 03 2.182239E 03 4.614258E-01 2 CI 3.05713E 03 

C2 = -2.53775E-00 

Statistical Terms
 

se -(esiduals) 2 /d.f. 

s . 1.250136E-00e 


d.f. - I 

to- 12.71 

a - 0.05 

95% Confidence limits 957 Confidence Limits 
Temperature p S- on Individuals on the Mean
 

(OK) (tIohm-m) Lower Upper Lower Upper
 

270. 2.37194E 03 1.L?909E 00 2.35009E 03 2.39378E 03 2.35695E 03 2.38692E 03 
280. 2.34656E 03 9.95637E-01 2.32625E 03 2.36687E 03 2.33390E 03 2.35921E 03
 
290. 2.32118E 03 8.44926E-01 2.30200E 03 2.34036E 03 2.31044E 03 2.33192E 03 
300. 2.29580E 03 7.47049E-01 2.27729E 03 2.31431E 03 2.28631E 03 2.30530E 03
 
310. 2.27043E 03 7.23768E-01 2.25207E 03 2.28879E 03 2.26123E 03- 2.27962E 03
 
320. 2.24505E 03 7.81775E-01 2.22631E 03 2.26379E 03 2.23511E 03 2.25498E 03
 
330'. 2.21967 03 9.05582E-01 2.20005E 03 2.23929E 03 2.20816E 03 2.23118E 03
 
340. 2.19429E 03 1.07264E 00 2.17336E 03 2.21523E 03 2.18066E 03 2.20793E 03
 
350. 2.16892E 03 1.26594E 00 2.14630E 03 2.19153E 03 2.15283E 03 2.18501E 03
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Table P-94
 
ELECTRICAL RESISTIVITY OF P0-3 GRAPHITE: IML RUN P0 WITH BOILING-WATER BATH
 

Input Data Calculated Data 
_____________I__Calculated________Data __ Run Least Squares 

Teerature 
(OK) -

Rsistivity 
(pom-cm) 

Resistivity 
(gohm-cm) 

Residuals 
(input-Cale) . 

No. Fit Coefficients, 

3.7314990 02 2.1148000E'3 2.112496E 03 2.304199E 00 0 P I + 2T + T9 

3.8000980 02 2.093500E 03 2.D9TO4TE 03 r3.546631E 00 1 
3.9961"D 
4.2881980 

0z 
02 

2.049600E 03 
1.9616OE. 03 

2.G48063E 03 
1.961693E 03 

1.536621E 00 
-2.934570E-01 

2 
3 

' 
1- .6363E 

03 

C2 = 4.74021E-0 

- -9.28399E-03
C3 


statistical Terms 

a - 4.509459E-00e 


d.f. - I 

tu - 12.71 

. - 0.05 

95% Confidence Limts 95% Confidence LimitsTemperature on Individuals on the Mean -I 
(OK) o -Lo) -( Inwer Upper 'Loder Upper 

370. 2.11930E 03 5.00516f 00 2.03367E 03 2.20492E 03 2.O556SE 03 2.18291E a3

380. 2.0970Te 03 2.89034E 00 2.02899E 03 2.16515E 03 2.06033E 03 2.13381E 03 
390. 2.07298E 03 3.56826E 00 1.99990E 03 2.14607E 03 2.02763E 03 2.11834E 03 
-400. 2.04704E 03 4.25494E 00 -1.96824E 03 2.12584E 03 1.94296E 05 2.10112E 03 
-410. Z.01924V 03 4.34128E 00 1.93969E 03 2.09880E 03 1. %407E 03 2.OTZE 03420. 1.98959E 03 3.83742E 00 1.91433E 03 2.06405E 03 1.94082E 03 2.03836E 03
430. 1.95808E 03 4.94080E 00 1.87306E 03 2.04310E 03 1.89528E 03 2.020886 03 
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Table F-95
 

ELECTRICAL RESISTIVITY OF PO-3 GRAPHITE: IM RUN P1I WITH LN2 BATH
 

Input Data Calculated Data mm Least Squares 

Temperature Resistivity Resistivity Residuals No. Fit Coefficients
 
( 0K) (pohm-cm) (ptohm-cm) (input-caic) 

pl C+2T + C3T
 
P - C1 + 2 32.959522E 03 1.782227E-01
8.6469990 01 2.959700E 03 


1.1316000 02 2.839200E 03 2.839617E 03 -4.167480E-01 2
 
1.5475000 02 2.666400E 03 2.665963E 03 4.367676E-01 3 C 3.39344E 03
 
1.8762000 02 2.539800E 03 2.540086E 03 -2.866211E-01 4 1
 
2.0230000 02 2.487200E 03 2.487111E 03 8.911133E-02 5
 

C = -5.41971E-002 

4.64460E-03
C3 


Statistical Terms
 

e 4 f(Residuals) 2 /d.f. 

s - 4.931027E-01
 e 


d.f. - 2 

t= - 4.30 

a - 0.05 

95% Confidence Limits 95% Confidence Limits
Temperature P S on Individuals on the Mean 

(K) hm Lower Upper. Lower Upper 

80. 2.98958E 03 5.66408E-01 2.98636E 03 2.99281E 03 2.98715E 03 2.99202E 03 
90. 2.94328E 03 4.13225E-01 2.94052E 03 2.94605 03 2.94151E 03 2.94506E 03 

100. 2.89791E 03 3.30966E-01 2.89536E 03 2.90046E 03 2.89649E 03 2.89933E 03 
110. 2.85347E 03 3.19509E-01 2.85094E 03 2.85599E 03 2.85209E 03 2.85484E 03 
120. 2.80995E 03 3.46927E-01 2.80736E 03 2.81255E 03 2.80846E 03 2.81145E 03 
130. 2.76737E 03 3.78620E-01 2.76469C 03 2.77004E 03 2.76574E 03 2.76900E 03
 
140. 2.72571E 03 3.96388E-01 2.72299E 03 2.72843E 03 2.72401E 03 2.72742E 03
 
150. 2.68498E 03 3.93384E-01 2.68227E 03 2.68770E 03 2.68329E 03 2.68667E 03 
160. 2.64518E 03 3.692766-01 2.64254E 03 2.64783E 03 2.64360E 03 2.64677E 03
 
170. 2.60631E 03 3.303246-01 2.60376E 03 2.60887E 03 2.60489E 03 2.60774E 03
 
180. 2.56837E 03 2.95385E-01 2.56590E 03 2.57085E 03 2.56710E 03 2.56964E 03
 
190. 2.53136E 03 3.03387E-01 2.52887E 03 2.53385E 03 2.53006E 03 2.53267E 03
 
200. 2.49528E 03 3.89557E-01 2.49258E 03 2.49798E 03 2.49360E 03 2.49695E 03
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Table r-96 

ELECTRICAL RESISTIVITY OF PO-3 GRAPHITE:- IML RUN P12 WITH LN2 BATH -

Input Data 	 Calculated Data Run Least Squares 

Temperature Resistivity Resistivity Residuals No. Fit Coefficients 
(oK) (pobm-cm) (pohm-cm) (input-cale) 

p = + C2 T + C3 T2 + C4T3 
c I 

7.729q000 03 ?.1O10F C ?.oC0R16F 03 -4.16503qE-01 0 
2 

0.6100qn 01 2.Ce1500F 0 2.O60Q F 03 e.7675782-01 I 

11.13200o 0? ?.P43500C 03 2.84,R5? 03 -3.62S48PF-01 2 C = 3.26341E 03 
t.547-00q o? ?.6647nOF 03 7.6645746 0' I.2A207E-01 I 

2.00710 nn9' 2.49120C0 0 - '.4q1?7? 0 1 -2.lO7Z6AF-0? 4 C2 = -2.35980E-0O 

C3 - -1.76936E-02 

C4 = 5.12308E-05. 

Statistical Terms 

~~vy~ oU4(R=-O esidualO)2 ldf. 
8e 

= 	 .827933E-01L 

d.f. - I 

ta 	 - 12.71 

= 0.05 

Temperature p 
957. Confidence Limits 

on Individuals 
95% Confideice Limits 

on the gea 

Lower OnLtheMea 
O01) (pohm-cm) Sp .oe UpeonweIndvidal 

PO. ?.QP761F r,1 A.9OSCW-0 2..72412 33 3.00162F 01 2.97923E 03 2.9960GE 03 

0O. ?.14501F (! (n.4004?-0 .031460 03 2.95865F 03 2.q3738F 03 2.95273E 03 

200o 2.0017w C0 7. 5 45 7 -0 3-
7.8R060 03 '.016482 01 2.SQ2132 03 2.91131W '63 

I 1.R791F ' .!?01r280 ?.4?7lr 03 2.8731ES 0' 2.°4764E 03 7.86821E 03 
120. ?.8I 

3 
7c C- 7.7066qr-01 2.7000RF 03 2.82887E 11 2.80418E 03 2.8237TE 03 

.. 77-17F C1 7.I ' r-01 2.75576F 03 7.78458F 0 2.76112F 03 2.77921F 03 

140. c.?sl03 .?060 -01 2.712322 03 '.74130S 0 2.71766E 03 2.73598F 03 
ISO. '.69,215 03 3.14C25;-! 2.6AFP7F 03 2.40951F 03 2.67388E 03 2.69459E 03 

iAO. 
170. 
Ion. 
)0f. 

2 o6 477 C, 

2 .oRri0 
'.164lqF 0' 
2.5277nF C1 

.1477-01 
1.S0jjjr_.) 

Q.'79I1F-01 

2.62630F 03 
.558A-r 03 

7.5450C-QJ?54764F 03 
'.S1241F n2 

2.69q07E O 
'.61q53r 01 
2.58067F 03 
7.5429qW 03 

2.63085F 03 
2.58991F 03 
2.55203E 03 
7.51731F 03 

2.65461E 0' 
2.61528E 03 
2.57627e 03 
2.53809E 03 

20. 2.4C-1 5 P ( 3 0.9450.0 2.o70*A 03 2.509?22 qu 2.4262F 03 2.50448 03 

710. 7.482elU C' j.50457L 00 2.3?20 .4941AF 03 2.44230E 03 2.48113E 33 

220. ?.41.. q 03 2.7?4088 00 2.'06SF 03 2.4607PP 03 2.3 87F 03 2.46801E 03 
302.407q02 

'40. ?.S63?R 
c 

Ol 
0 

4.45,AO 
. .70o7?r 

00 
o0 

2.350282 03 
2.'0014F 03 

2.46570W 03 
2.47214F 03 

2.3151382 03 
2.10084E 03 

2.46459F 03 
2.47140E 03 

...9. O..F .. .Sq5360 00 .?461AF 03 2.41890 O 2.246q0F 03 2.489282 03 
PA3.98621 0' nO~j01 .19002 03! 1.51959F 0' 2.189202 03 ?.51921F 03 

270.. 1.34470F 03 1.71016F Ol ?.12711r 0 2.56244F 01 2.12740E 03 2.56215E 03 
,.A. '.'4011V C3 2.I|53-' 01 2.0607F 0' '.61934E 0' 2.06110W 03 2.61q01E 03 

200. 
unn. 

2.340q00 
.69pC 

C3 
03 

1.7qA41C 
u.4059C 

01 
nl 

1.o,971S 
1.03OF 

03 
03 

2.6012PF 
2.779252 

02 
03 

1.989QIF 03 
1.q1349E 03 

2.69110E 03 
2.77q11E 03 

401'
 



Table F-97
 

ELECTRICAL RESISTIVITY OF PO-3 GRAPHITE: IML RUN P13 WITH LN2 BATH
 

Input Data Calculated Data Run Least Squares 

Temperature Resstivity Resistivity Residuals No. Fit Coefficients 
(OK) (gohm-cm) (pohm-cm) (input-calc) 

+ C2T + C3 T2 
p - C1 

8.6340900) 01 2.067 5002, 03 2.062169F O 8.t002E-01 1 
1.1355000 0' ?.A417109 03 2.$207q6 01 1°.00809F00 2 
1.517400f n' 2.67090C2 C3 2.67923E 03 -1.4'3096E 0 3 C1 - 3.40083E 03 
2.008A00 02 ?.49'IOCE 03 ?.4%61r 03 3.PF6305E-01 4 

C2 - -5.51232E-00 

- 5.03305E-03
C3 


Statistical Terms
 

- JflE(siduals) 2 /d.f. 

w Se - 2.558723E-00 

~ %V3d.f. - 1 

ta - 12.71 

- 0.05 

95% Confidence Limits 95% Confidence Limits 
Temperature " on Individuals on the Mean 

(oKC) (pl-cm) Lower Upper Lower Upper 

80. 
00* 

1.A0709 
2.,4940F 

0 
CA 

2.Q6?AOF 
?.15002 

'0 
o 

2.042302 03 
2.9001E 0A 

'.041RIj 01 
7.Q97q7E 03 

2.95440E 03 
2.9181SE 03 

?.02971E 
?.97282F 

03 
03 

100. 
110. ?.-1537F 

C 
0' 

1.Pe.n$1,71 74,r 
1.66&61 

)o 
o0 

?.6076F 03 
2.PIfR6F 03 

,Q0Q3092 
2.P04]Pr 

01 
03 

2.87810E 03 
2.83419E 03 

2.2175E 03 
2.87655E 03 

120. 
10. 

2. CA]8" i?577F n0 ?.773P 03 
7.7602R, CA n.01100'00 2.7 

0
7?F 03 

2.R5178F. 03 
'.A106'E 03 

2.78862E 03 
2.74372F 03 

2.83503E 
2.79484F 

03 
03 

140. 
150. 

7.72775F 
?.A472?2 

C' 
£3 

.3?Q00r 00 
2.1975000 

2.A8'45F 03 
2.64470F O? 

2.770050 03 
2.7?966F 03 

2.70070E 03 
2.65996E 03 

2.75480E 
2.71449E 

03 
03 

10. 2.64771F C3 2.06913' 00 ?.60-A9F 03 P.60852E 03 2.42142E 03 2.67399E 03 
170. 2 06,o10r0n 

= 
00 2.q3061r2.6bl8F 0' ?.65000 03 '.58453E 03 2.63384E 03 

Inn. 
J0O. 
'0. 

7.5716RE C3 
7.53'190 0' 
7.4 -'0rCA 

1.060q1 
l.q0 404r 

.472P60 

nO 
00 
00 

7.5'1472 n3 
2.401q42 03 
2.45146F 02 

?.611890 03 
2.q76420 03 
2.94491E 03 

2.54803E 03 
2.50q82E 03 
7.46826E 03 

2.59533E 03 
2.56053E 03 
2.53112 03 

?I1'. 2.4t'701 CA I.'044'S 00 1.112l-F 0a 1.51821F 03 2.42132E 03 2.50707E 03 

'20. ?.4117'F C3 4.40374C 00 '.366a n3 2.4q645 03 2.37574E 03 2.48769E 03 

230. 2,-1249 CA 5,754or O0 2.31c-1F 03 2.4702qF 3 ?.32.10 03 2.47239E 03 

240. 2.367770 C3 7.3 7 7 3 O9 00 2.26019; 03 7.46616C 01 2.27471E 03 2.46084F 03 

25n. 2.33711F 03 A.01i0,2 00 '.217?2F 03 '.45736F 03 7.22175E 03 2.45287E 03 
760. 1.307P4 C3 1.105602 0! ?.16'6? 03 2.45200r 03 2.16734E 03 2.44838E 03 

170. 
'A0. 

2.77041F 
2.7510 

7 F CA 
( 

1.121(),r 
1.5551W 

o 
01 

2.10P3 E 03 
?.5lAfF 03 

2.4R043' 01 
7.4572E 02 

2.11151E 03 
2.05431E 03 

2.44731E 
2.44Q63E 

03 
03 

P.O. 27p59' £A k.-07A0' 1 1.00,41r 'A ?.49760E 03 t.-qA76F 03 2.45531E 03 

'On. ?.,00n11 3 2.07P'I02 01 1.039qF 0? 2.466312 03 1.93588F 03 2.46433E 03 
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Table F-98
 

ELECTRICAL RESISTIVITY OF P0-3 GRAPHITE: fL RUN P14 WITH BOILING-WATER BATH
 

Input Data Calculated Data Run Least Squares 

Temperature Resistivity Resistivity Residuals No. Fit Coefficients 
(-K) (gohm-cm) (pohm-cm) (input-cale) 

P CI + C2T + C3 T
2 

3.731400D OZ 2.03250GF V3 2.032546F 03 -4.565430F-02 0 
4.5377q1 02 I.PSI8OF 03 1.951191F 03 4.091797F-01 1 
4.693qqD. 02 1.82820CE 03 1. 82A563F 03 -3.632813E-01 2 C= 2.87092E 03 

C2 -2.24675E-00
 

Statistical Terms
 

Be-FlResiduals) 2 /d.f. 

fs 5.490770E-O1 
e 


d.f.-1
 

t= 12.71 

a 0.05 

Temperature 95% Confidence Limits 95% Confidence Limits
T on Individuals on the Mean 

(K) oLower Upper Lower Upper 

'70. ?.n03622 o0 5.67.84c-01 2.02959F 03 2.04966F 01 2.03241E 03 2.04683E 03
 
340. 2.01716E C' 5.04942F-01 2.007ARE 03 2.02463F 03 2.01074E 03 2.02357E 03 
'.0. 1.0046-1 03 4.46573F-01 1.9q569E 03 2.003682 03 1.98901E 03 2.00036E 03 
40. 1.97222F C3 3.C5450Q-01 1.96362C 03 1.q8082E 03 "1.96719E 03 1.97725E 03 
410. 1.0497qE C3 3.5946r-O1 1.05806E 03 1.94525E 03 1.95426E 03
I.Q4 14qF 03 

420. 1.027205 01 3.27024E-01 I.01916F 03 1.91541F 03 1.92313F 03 1.93144E 03 
41q. 1.0f482E C3 3.17022E-01 1.89676F 03 1.91288F 03 1.90079E 03 1.90885E 03 
440. t.R2234E C' '.ZQ47F-01 J.R7423E 03 1.89047E 03 1.878212 03 1.88649E 03
 
450. 1.ASR-E 03 1.5236q-0] 1.8515-F 03 1.96818F 03 1.855402 03 1.86436E 03
 
46n. 1.P174?E S? 3.q27T12-01 1.8288AF 03 1.84600F 03 1.83242E 03 1.84241E 03
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Table F-99
 

ELECTRICAL RESISTIVITY OF PO-3 GRAPHITE: fL RUN P15 WITH BOILING-WATER BATH
 

Input Data Calculated Data Run Least Squares 

Temperature Resistivity Resistivity Residuals No. Fit Coefficients 
(OK) ( _ohm-cm) (gohm-cm) (input-calc) 

1.7314M§D 02 1.a84500E C3 i.0825568 03 1.9440928 00 0 1 2 
3.9Q9000 0? 1.92060CF 01 l.925074F 03 -4.&74365E 00 1 
4.3016990 01 
4.387200D 02 

1.265PC08 03 
1.839300F 01 

1.8604408 03 
1.842170 

F 
03 

5.3596108 00 
-2.829346F 00 

2 C = 2.78171E 03 

= -2.14163E-00C2 

Statistical Terms
 

. F(Rsiduals) 
2 /d.f.s e 

se - 5.501369E-00 

d.f. - 2 

ta - 4.30
 

a - 0.05 

95%. Confidence Limits 95%. Confidence Limits 
Temperature ( ST on Individuals on the Mean 

(OK) Gzolncm) Lower Upper Lower Upper 

370. 1.989108 C3 5.1026F nO 1.957048 03 2.02157E 03 1.96736E 03 2.011248 03 
380. 1.967808 C0 4.24765F 00 1.9AP00F 03 I.qq7778 03 1.949628 03 1.986158 03
 
100. I.q46478 03 3.507178 00 1oA1P42C 03 1.974528 03 1.931398 03 1.96155E 03
 
400. 1.q2505F C1 2.96SOF 00 1.89817E 03 1.qSlq38 03 1.91228 03 1.93782E 03
 
410. 1.90364C C3 ?.751 4 00 1.87710E 03 1.9300qF 03 1.89181E 03 1.q1547E 03
 
420. 1.PR2228 03 2.92q208 00 1.RS542F 03 l.0q0? 03 1.869628 03 1.894828 03


0

430. I.P60O08 03 3.44140F 00 1.812 F 03 I.RA87IE 03 1.84601E 03 1.875608 03
 
440. 1.PR303 C? 4.16619- 00 1.80Q71F 03 I.P6906F 01 1:82147E 03 1.857308 03
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Table F-100 

SPECIMEN TEMPERATURE AND ELECTRICAL RESISTIVITY VS NEUTRON FLUENCE
 

Reactor Specimen Temperaturea and Electrical Resistivity 
Run Date Time Power Exposure Aluminum NBS Be WANL Be Graphite Titanium 
No. (1967) _ (MW) MW-h nvt~x 1018 OK gfl-cm OK Al-cm OK fn-cm OK /Ln-cm OK fLn-cm
 

PRE5 Oct 12 0720 0 
 0 77.42 2.037 77.42 1.064 77.40 0.6752 77.40 2325.6 77.41 138.32
 
PRE4 Oct 12 2110 0 0 77.42 2.039 '77.42 1.070 
 77.40 0.6785 77.40 2319.4 77.43 138.65
 
PREI Oct 13 0625 0 0 77.41 2.037 77.42 1.066 77.40 0.6787 77.40 2337.9 77.42 138.70
 

1 Oct 13 1852 6.95 1.242 .00027-.o00 110.59 113.37 109.61 117.69 
 161.88

2 Oct 13 1905 6.95 2.748 .00059-.001 112.37 113.91 . 110.13 118.98 169.02 
3 Oct 13 1910 6.95 3.327 .00072-.001 112.53 114.32 110.31 119.08 
 170.11
 
4 Oct 13 1940 6.95 6.802 .0015-.0038 112.71 114.93 111.00 120.13 171.90
 

5 Oct 13 2007 5.0 9.573 .0021-.0054 105.84 106.59 103.61 110.55 154.86
 
6 Oct 13 2020 5.0 10.656 .0023-.0060 105.50 106.94 103.78 110.33 
 151.80
 
7 Oct 13 2037 5.0 12.073 .0026-.0068 105.21 106.40 103.63 109.98 150.69
 
"8 Oct 13 2101 5.0 14.072 .0Q30-.0079 105.01 106.20 103.44 109.77 
 150.32
 

9 Oct 13 2110 5.0 14.822 .0032-.0083 104.94 2.345 106.20 1.225 103.40 0.8238 109.74 2175.9 149.90 146.72 
10 Oct 13 , 2140 5.0 17.322 .0037-.0097 104.91 2.335 106.20 1.266 103.40 0.8188 109.74 2190.8 149.90 146:55o 11 Oct 13 2320 5.0 25.656 .0055-.014 105.41 2.341 106.57 1.245 103.80 0.8302 110.76 2244.0 150.02 146.52


tLn 12 Oct 14 0040 4.4 32.446 .0070-.0i8 105.07 106.44 103.97 110.74 150.14
 

13 Oct 14 0115 4.90 34.814 .0075-.020 
105.27 106.77 103.89 110.89 150.43
 
14 Oct 14 0210 4.90 39.306 .0085-.022 105.22 106.72 103.94 110.97 150.32
 
15 Oct 14 0304 4.90 43.716 .0094-.025 105.16 2.331 106.52 1.235 104.05 111.12 2330.9 150.32 145.98
 
16 Oct 14 0408 4.90 48.942 .011-.028 105.10 106.57 104.22 10.49 50.30
 

17 Oct 14 0501 4.90 53.271 .011-.030 105.07 106.74 104.05 11.29 50.18
 
18 Oct 14 0554 4.90 57.599 .012-.032 105.06 106.91 104.15 10.58 50.69

19 Oct 14 0700 4.90 62.989 .014-.035 104.84 2.339 106.57 1.225 103.99 0.8532 10.53 2418.7 49.94 146.84

20 Oct 14 0800 4.8 67.789 .015-.038 104.84 106.65 103.93 10.91 50.02
 

21 Oct 14 0900 4.8 72.589 .016,.040 104.90 106.89 L04.24 10.31 49.93

22 Oct 14 1000 4.8 77.389 .017-.044 105.19 2.346 106.78 1.243 04.99 0.8489 10.63 
 2474.7 149.78 146.72
 
23 Oct 14 1400 4.8 91.776 .020-.051 104.72 2.342 106.66 1.230 04.39 0.8557 I0.76 2531.4 50.12 146.71
 
24 Oct 14 1500 4.8 96.576 .020-.054 104.56 2.345 106.66 1.255 03.97 0.8503 10.71 2551.4 49.51 146.82
 

25 Oct 14 1600 4.8 101.38 .022-.057 04.59 07.07 104.12 11.06 49.55
 
26 Oct 14 1700 4.8 106.18 .023-.060 
 04.54 06.86 04.10 10.97 49.45
 
27 Oct 14 1800 4.8 110.98 .024-.062 04.44 06.61 04.17 10.83 48.86
 
28 Oct 14 1900 4.8 115.78 .024-.065 04.22 2.345 06.31 1.254 03.94 0.8746 10.70 2614.3 48.78 146.53
 

aTemperatures were taken from T/C 2 on each specimen.
 
bMinimum and maximum neutron fluence for all specimens.
 



Table P-100 (Cont'd)
 

Reactor Specimen Temperaturea and Electrical Resistivity

Run Date Time Power Ex osure Aluminum NBS Be WANL Be Graphite Titanium
 
No. (1967) _ (MW) MW-h nvt x 1018 OK pfl-cm OK OKK-cm 41-cm OK t4-cm OK 41-cm 
29 Oct 14 2000 4.8 120.58 .026-.068 104.10 106.33 104.02 110.71 
 148.33
30 Oct 14 2100 4.8 125.38 .027-.070 104.58 106.88 104.45 111.56 148.97
31 Oct 14 2200 4.8 130.19 .028-.073 104.46 106.65 
 104.39 111.51 
 149.12
32 Oct 14 2300 4.8 134.98 .029-.076 104.53 2.344 106.79 1.275 104.56 0.8829 111.78 
 2701.5 149.73 147.59
 

33 Oct 15 0007 4.7 139.93 .030-.079 104.92 106.88 
 104.54 111.56 148.79
34 Oct 15 0120 4.7 145.64 .031-.082 104.51 107.15 104.48 
 111.65 148.47
35 Oct 15 0220 4.7 150.34 .032-.085 104.73 107.09 
 104.86 111.95 
 148.39
36 Oct 15 0320 4.7 155.04 .033-.089 105.00 2.336 107.55 1.245 105.05 
 0.8958 112.35 2724.2 148.68 146.87
 

37 Oct 15 0420 4.7 159.74 .034-.090 104.57 107.16 
 104.82 112.19 149.63
38 Oct 15 0525 4.7 164.84 .036-.093 104.80 107.26 105.09 112.34 149.84
39 Oct 15 0625 4.7 169.54 .037-.095 104.64 107.48 104.99 
 112.30 149.69
40 Oct 15 0725 4.6 174.20 .038-.098 104.16 2.330 106.36 1.287 104.24 0.8960 111.86 
 2773.1 148.40 146.25
 

41 Oct 15 0825 4.6 178.80 .039-.10 104.03 106.40 104.42 
 111.77 148.18
P. 42 Oct 15 0925 4.6 183.40 .040-.10 103.93 106.69 104.31 111.78 147.93
0 43 Oct 15 1025 4.6 188.004 .040-.11 104.30 107.91 104.68 112.14 148.40a' 44 Oct 15 1125 4.6 192.60 .042-.11 104.28 2.342 107.05 1.252 104.70 0.9041 112.21 2812.1 148.28 147.03
 
45 Oct 15 1230 4.6 197.59 .043-.11 104.40 107.05 104.64 
 112.27 148.60
46 Oct 15 1325 4.6 201.80 .044-.11 104.14 106.89 104.76 
 112.33 148.20
47 Oct 15 1425 4.6 206.40 .045-.12 104.24 107.18 104,82 112.71 
 148.77
48 Oct 15 1525 4.6 211.00 .046-.12 104.40 2.351 107.03 1.275 104.78 0.9233 -.12.49 
 2848.1 148.67 146.69
 

49 Oct 15 1625 4.6 215.60 .047-.12 104.27 107.09 104.82 112.86 
 148.72
50 Oct 15 1725 4.6 220.20 .048-.12 104.42 107.26 
 104.93 112.98 148.69
51 Oct 15 1825 4.6 224.80 .049-.13 104.46 107.22 105.01 112.99 
 148.77
52 Oct 15 1925 4.6 229.40 .050-.13 104.44 2.370 107.35 1.258 105.04 
 0.9414 112.89 2881.3 148.72 146.23
 

53 Oct 15 2025 2.3 233.69 .050-.13 93.27 94.70 
 93.18 98.47 120.72
54 Oct 15 2125 2.3 235.99 .051-.13 92.70 94.37 
 92.70 97.67 
 18.26
55 Oct 15 2225 4.6 240.06 .052-.13 103.38 106.18 104.15 
 111.66 146.65
56 Oct 15 2323 4.6 244.50 .053-.14 102.14 2.351 104.75 1.300 103.05 0.9293 110.67 2915.7 145.60 
 145.94
 

57 Oct 16 0030 4.6 249.64 .054-.14 103.77 106.41 104.57 
 12.25 47.42
58 Oct 16 0133 4.6 254.47 .055-.14 103.50 106.61 
 104.60 12.35 
 47.48
59 Oct 16 0235 4.6 259.23 .056-.15 R03.78 
 06.62 L04.61 12.57 147.71
60 Oct 16 0335 4.6 2083 .A97,-.I 104.08 .2.352 I06 67. .11 104-61 0f9955 119 -J 9Q131 I4l Zs 1A7 go
aTemperatures were taken from T/C 2 on each specimen.

b Minimum and maximum neutron fluence for all specimens.
 



Table F-100 (Cont'd) 

Run 
No. 

Date 
(1967) 

Time 
Reactor 
Power 
(MW) 

Ex osure 
MW-h nvt x 1018 

Aluminum 
PR 41-cm 

Specimen Temperaturea ,and Electrical Resistivity
NBS Be I ' - WANL Be Graphite 

"OK gil-cm OK Afl-cm 6K gn-cm 
Titanium 

°K fn-cm 

61 
62 
63 
64 

Oct 16 
Oct 16 
Oct 16 
Oct 16 

0438 
.0534 
0534 
0630 

4.6 
4.6 
4.6 
4.6 

268.66 
272.95 
272.95 
277.24 

.058-.15 

.059-.15 

.059-.15 

.060-.16 

104.17 
104.15 
104.05 
103.96 2.331 

107.16 
107.39 
106.85 
107.03 1.302 

104.93 
105.17 
105.13 
104.96 

113.32 
113.31 
112.91 

0.9535 113.04 

148.50 
148.74 
148.20 

2967.8 148.11 146.40 

65 
66 

Oct 16 
Oct 16 

'0730 
6832 

4.6 
4.6 

281.84 
286.59 

.061-.16 

.062-.16 
103.89 
104.14 

107.03 
107.13 

104.96 
105.22 

113.21 
113.56 

148.33 
148.50 

67 
68 

Oct 16 
Oct 16 

'0931 
1030 

4.6 
4.6 

291.12 
295.64 

.063 .16 

.064-.17 
104.10 
103.97 2.354 

107.27 
107.48 1.288 

105.13 
104.98 

113.42 
0.9716 1,13;63 

148.33 
2992.7 148.28 146.89 

69 
70 
71 
72 

bct 16 
Oct 16 
Oct 16 
Oct 16 

1130 
1330 
1540 
1550 

-4.6 
4.7 
7.2 
7.2 

300.24 
309.44 
321.91 
323.09 

.065-.17 

.067-.17 

.069-.18 

.070-.18 

104.02 
104.33 
115.42 
115.74 

107.45 
107.85 
120.72 
121.06 

105.19 
105.64 
117.61 
118.04 

113.56 
114.03 
130.51 
1-30.59 

148.44 
148.86 
176.50 
176.70 

73 
74 
75 
76 

Oct 16 
Oct 16 
Oct 16 
Oct 16 

1600 
1635 
1705 
1732 

7.2 
7.2 
7.2 
7.2 

314.73 
328.38 
331.91 
335.15 

.07P-.18 

.071-.18 

.072-.19 

.072-.19 

115.82 
116.18 
116.61 
115.75 

120.81 
121.83 
122.49 
122.26 

117.87 
118.58 
118.95 
119.18 

130.80 
131.45 
132.52 
132.31 

177.55 
178.90 
179.97 
179.72 

77 
78 
79 
80 

Oct 16 
Oct 16 
Oct 16 
Oct 16 

1800 
1901 
2005 
2100 

7.2 
7.2 
7.2 
7.2 

338.51 
345.83 
353.51 
360.11 

.073-.19 

.075-.19 

.076-.20 

.078-120 

116.53 
116.61 
116.61 
116.81 

2.500 

2.554 

121.57 
122.54 
122.10 
122.49 

1.494 

1.439 

118.82 
119.30 
118.91 
118.99 

1.097 

1.114 

132.04 
132.61 
132.28 
132.62 

179.99 
2898.6 179.97-

179.41 
2918.5 179.49 

150.10 

150.21 

81 
82 
83 
84 

Oct 16 
Oct 16 
Oct 17 
Oct 17 

2205 
2300 
0030 
0130 

7.2 
7.2 
7.2 
7.2 

367.91 
378.11 
385.31 
392.51 

.079-.21 

.082-.21 

.083-.22 

.085-.22 

116.72 
113.39 
116.76 
117.03 2.511 

112.15 
120.81 
122.47 
121.90 1.436 

119.19 
118.73 
119.50 
119.09 1.121 

132.65 
132.00 
132.83 
132.84 

180.00 
178.35 
180.23 

2940.7 180.03 150.13 

85 
86 
87 
88 

Oct 17 
Oct 17 
Oct 17 
Oct 17 

0230 
0330 
0430 
05j0 

7.2 
7.2 
7.2 
7.2 

399.71 
406.91 
414.11 
421.31 

.086-.22 

.088-.23 

.089-.23 

.091t,24 

117.03 
117.31 
117.28 
117.20 2.513 

122.16 
122.16 
123.14 
123.22 1.474 

119.68 
119.46 
119.84 
120.02 1.133 

133.36 
133.24 
133.56, 
133.66 

180.78 
180.03 
180.12, 

2968.0 180.01 150.30 
89 
90 
91 
92 

Oct 17 
Oct 17 
Oct 17 
Oct 17 

0630 
0730 
0830 
0930 

7.2 
7.2 
7.2 
7.2 

428.51 
435.71 
442.91 
450.11 

.093-.24 

.094-.24 

.096-.25 

.27.5 

117.07 
117.22 
117.28
11 7 . 04 

122.99 
123.15 
123.54 
122.85 

11.77 
120.11 
119.47 
119.36 

133.62 
134.12 
134.62 
133.75 

180.60 
180M6 
181.48 
180.85 

aTemperatures were'taken-from T/C 2 on each specimen.
 
bMinimum and maximum neutron fluence for all specimens.
 



Table F-100 (Cont'd)
 

Reactor Specimen Temperaturea and Electrical Resistivity
Run Date Time Power Ex osure Aluminum NBS Be WANL Be Graphite Titanium
No. (1967) (MW) MW-h nvtbx 1018 OK tfl-cm OK cO-cm OK IpS-cm OK IOK tl-cm 
93 Oct 17 1030 7.2 457.31 .099-.26 117.04 2.522 122.88 1.483 119.19 1.154 134.09 2985.8 180.96 150.48
94 Oct 17 1130 7.2 464.51 .10-.26 117.27 123.07 
 119.50 134.41 180.94

95 Oct 17 1230 7.2 471.71 .10-.27 117.22 123.15 119.89 
 134.49 181.35

96 Oct 17 1330 7.2 478.91 .10-.27 117.30 2.514 
123.26 1.477 119.84 1.178 134.80 3006.4 181.27 150.93
 

97 Oct 17 1430 7.2 486.11 .10-.27 117.14 123.32 119.75 134.52 181.27
98 Oct 17 1600 7.2 495.58 .11-.28 116.51 121.92 119.85 
 133.61 179.40
99 Oct 17 1700 7.2 502.78 .11-.28 117.04 122.91 120.59 135.13 180.29
100 Oct 17 1800 7.2 509.98 .11-.29 117.35 123.69 120.93 135.83 
 181.69
 

101 Oct 17 1900 7.2 517.18 .11-.29 116.98 2.528 123;08 1.497 120.61 1.188 134.97 3024.9 180.73 150.15
102 Oct 17 2000 7.2 524.38 .11-.29 117.24 123.52 121.26 
 135.84 181.18
103 Oct 17 2104 7.2 532.06 .11-.30 117.39 123.57 121.46 
 135.81 181.28
104 Oct 17 2200 7.2 538.78 .12-.30 117.39 123.90 121.29 
 136.33 181.78
 

105 Oct 17 2330 7.2 549.31 .12-.31 117.05 123.71 
 120.98 135.61 180.92
106 Oct 18 0030 7.2 556.51 .12-.31 117.07 123.76 120.88 135.86 181.29
 
c 107 Oct 18 0130 7.2 563.71 .12-.32 117.06 2.536 123.67 1.530 121.19 1.216 135.98 3044.7 181.59 150.64


10 Oct 18 0230 7.2 570.91 .12-.32 117.28 124.18 121.34 136.49 181.65
108 


109 Oct 18 0330 7.2 578.11 .12-.32 117.42 124.33 121.54 136.90 
 382.04
110 Oct 18 0430 7.2 585.31 .13-.33 117.41 124.19 121.71 
 137.11 182.03
Il Oct 18 0530 7.2 592.51 .13-.33 117.55 2.531 124.26 1.531 
121.78 1.237 137.18 3061.8 182.42 150.84
112 Oct 18 0630 7.2 599.71 .13-.34 117.71 124.87 121.76 
 137.31 182.15
 

113 Oct 18 0730 7.2 606.91 .13-.35 117.72 124.37 121.93 137.49 
 182.23
 
114 Oct 18 0830 7.2 614.11 .13-.35 117.30 124.37 121.92 136.65 
 181.59
115 Oct 18 0933 7.2 621.31 .14-.35 117.58 2.593 124.81 1.524 
121.79 1.260 137.37 3076.3 182.04 151.11
116 Oct 18 1030 7.2 628.51 .14-.36 117.67 124.59 122.49 138.13 182.65
 

117 Oct 18 1132 7.2 635.95 .14-.36 117.12 123.79 121.79 136.98 180.98
118 Oct 18 1230 0 639.19 .14-.36 80.80 
 81.21 81.21 138.63 84.71

119 Oct 18 1330 5.0 642.35 .14-.36 104.73 2.388 109.35 1.423 
 107.71 1.125 117.97 3157.6 149.96 147.21

120 Oct 18 1430 5.0 647.35 .14-.36 105.19 109.89 108.51 
 118.75 151.10
 

121 Oct 18 1530 5.0 652.35 .14-.37 105.44 110.16 108.39 
 119.19 152.18
122 Oct 18 1630 5.0 657.35 .14-.37 105.67 110.51 108.76 119.46 152.10
123 Oct 18 1736 5.0 662.34 .14-.37 106.17 2.421 110.82 
 1.457 109.34 1.174 120.32 3150.3 153.22 147.51
124 Oct 18 1830 5.0 667.35 .14-.38 112 -421 110.76 109.31 119.99 153.22
 

aTemperatures were taken from T/C 2 on each specimen.
 
b Minimum and maximum neutron fluence for all specimens.
 



Table F-l00 (Cont'd)
 

Run 
No. 

Date 
(1967) 

Time 
_ 

Reactor 
Power 
(MV) 

Ex osure 
MW-h . nvtbx 1018 

Aluminum 
OK fl-cm 

Specimen Temperatures and Electrical Resistivity 
. NBS Be WANL Be Graphite 

OR 4)-cm OK gO-cm OK gO-cm 
Titanium 
OK PD-cm 

125 
126 
127 
128 

Oct 18 
Oct 18 
Oct 18 
Oct 19 

1930 
2035 
2130 
0100 

5.0 
0.0 
0 
0 

672.35 
674.14 
674.14 
674.14 

.14-.38 

.15-.38 

.15-.38 

.15-.38 

105.97 
77.58 
77.49 
77.48 2.089 

110.95 
77.55 
77.52 
77.49 1.255 

109.22 
77.48 
77.40 
77.43 0.9562 

120.19 
77.48 
77.40 
77.33 3325.1 

153.28 
77.24 
77.82 
77.69 138.82 

129 
130 
131 
132 

Oct 19 
Oct 19 
Oct*19 
Oct 19 

0637 
1007 
1345 
1730 

0 
0 
0 
0 

674.14 .15-.38 
174.14.15-.38 

674.14 '15-. 38  

674.14 .15-.38 

77.48 
77.32 
77.48 
77.48 

2.091 
2.088 
2.090 
2.141 

77.47 
77.48 
77.47 
77.47 

1.263 
1.254 
1.253 
1.249 

77.42 
77.41 
77.41 
77.41 

0.9594 
0.9603 
0.9577 
0.9564 

77.32 
77.33. 
77.34P 
77.34 

3326.6 
3333.4 
3324.3 
3289.0 

77.65 
77.60 
77.59 
77.59 

139.33 
138.72 
138.83 
138.60 

133 
134 
135 

136 

Oct 19 
Oct 19 
Oct 20 

Oct 20 

2230 
2330 
0030 

0130 

7.2 
7.2 
7.2 

7.2 

686.98' 
694.18 
698.94. 

705.94 

.15-.39 

.15-.39 

.15-.39 

.15-.40 

114.79 
115.44 
115.14 

115.,78 

122.19 
122.82 
122;48 

123.07 

119.99 
120.39 
120.12 

121.18 

135.27 
136.18 
135.29 

136.78 

176.02 
177.35 
178.29 

178.29 

0 

137 
138 
139 
140 

Oct 20 
Oct 20 
Oct 20 
Oct 20 

0225 
0330 
0430 
0530 

7.2 
6.7 
6.7 
6.7 

712.54 
719.84 
726.54 
733.24 

.15-.40 

.15-.40 

.16-.41 

.16-.41 

115.93 
114.72 
114.54 
114.41 

2.509 
122.88 
121.85 
121.82 
121.39 

1.545 
121.27 
118.85 
118.97' 
118.88 

1.259 
136.76 
134.06 
133.79 
134.01 

178.52 
3136.8 173.56 

174.21 
174.26 

149.77 

141 
142 
143 
144 

Oct 20 
Oct 20 
Oct 20 
Oct 20 

0630 
0730 
0830 
0930 

6.7 
6.7 
6.7 
6.7 

739.94 
746.64 
753.34 
760.04 

.16-.42 

.16-.42 

.16-.42 

.16-.43 

114.78 
114.80 
114.92 
114.51 

2.531 
122.04 
122.42 
122.26 
122.11 

1.563 
119.65 
119.81 
119.91 
119.68 

1.281 
134.68 
134.89 
135.31 
134.63 

174.63 
3148.8 174.98 

175.05 
174.34 

149.25 

145 
146 
147 
148 

Oct 20 
Oct 20 
Oct 20 
Oct 20 

1130 
1242 
1530 
1730 

7.2 
7.0 
%0 
7.0 

770.69 
779.45 
782.91 
789.14 

.17-.43 

.17-.44 

.17-.44 

.17-.44 

113.74 
113.21 
11183 
112.20 

2.471 120.64 
120.53 
119.17 
119.19 

1.574 118.98 
118.50 
117.15 
117.46 

1.258 133.98 
133.36 
131.54 
132.25 

3141.1 173.10 
171.79 
168.34 
168.91 

149.33 

149 
150 
151 
152 

Oct 20 
Oct 20 
Oct 20 
Oct 20 

1830 
1930 
2030 
2130 

7.0 
7.0 
7.0 
7.0 

795.745 
802.54 
809.34 
816.14 

.17-.45 

.17-.45 

.17-.46 

.17-.46 

112.84 
113.09 
113.36 
113.59 

2.492 

120.74 
120.50 
120.94 
120.87 

1.534 

118.39 
118.86 
118.94 
119.00 

1.283 

133.27 
133.79 
134.29 
134.38 

170.64 
170.64 

3164.0 171.27 
172.24 

149.52 

aTemperatures were taken from T/C 2 on each specimen.
 
kMinimum and maximum neutron fluence for all specimens.
 



Table F-100 (qont'd)
 

Reactor Specimen Temperaturea and Electrical Resistivity

Run 
No. 

Date 
(1967) 

Time 
__ 

Power 
Ml 

Exposure 
MW-h nvP x 1018 

Aluminum 
OK f-cm 

NBS Be 
OK l-cm 

WANL Be 
-cm 

Graphite 
OKOK fl-cm 

Titanium 
OK pf-cm 

153 Oct 20 2230 7.0 822.94 .18-.46 113.59 120.91 118.97 134.42 172.32 
154 
155 
156 

Oct 20 
Oct 21 
Oct 21 

2330 
0030 
0030 

7.0 
7.2 
7.2 

829.74 
836.64 
843.64 

.18-.47 

.18-.47 

.18-.47 

113.32 
114.34 
114.33 

2.519 
120.94 
121.92 
121.86 

1.599 
119.22 
120.23 
120.33 

1.325 
134.42 
136.22 
136.12 

172.41 
3180.5 174.74 

174.52 
149.99 

157 
158 

Oct 21 
Oct 21 

0230 
0330 

7.2 
7.2 

850.64 
857.64 

.18- 48 

.18-.48 
114.35 
114.34 

121.99 
121.88 

120.36 
120.43 

136.36 
136.32 

174.71 
174.52 

159 Oct 21 0430 7.2 864.64 .19-'.49 114.42 2.519 122.36 1.597 120.49 1.343 136.34 3190.3 174.94 150.09 
160 Oct 21 0530 7.2 871.64 .19-.49 114.37 122.02 120.40 136.59 174.74 

161 Oct 21 0630 7.2 878.64 .19-.49 114.53 122.07 120.36 136.79 174.69 
162 
163 
164 

Oct 21 
Oct 21 
Oct 21 

0730 
0830 
1030 

7.2 
7.2 
0 

885.64 
892.64 
896.84 

.19-.50 

.19-.50 

.19-.50 

114.67 
114.38 
77.47 

2.542 
122.47 
121.61 
77.49 

1.623 
120.55 
120.33 
77.45 

1.348 
136.93 
136.10 
77.45 

175.00 
3188.5 174.22 

77.70 
149.90 

165 
166 
167168 

Oct 21 
Oct 21 
Oct 21Oct 22 

1235 
1800 
2200
0200 

0 
0 
0
0 

896.84 
896.84 
896.84
896.84 

.19-.50 

.19-.50

.19-.50 

.19-.50 

77.45 
77.44
77.42 
77.41 

2.103 
2.096
2.101 
2.106 

77.47 
77.44
77.43 
77.43 

1.332 

1.336 
1.332 

77.43 
77.4077.40 
77.40 

1.050 
1.0491.049 
1.055 

77.40 
77.3677.35 
77.37 

3385.5 
3375.83376.0 
3376.7 

77.59 
77.5077.47 
77.47 

138.83 
138.74138.79 
138.92 

169 Oct 22 0530 0 896.84 .19-.50 77.41 2.101 77.43 1.332 77.40 1.073 77.36 3379.8 77.45 138.84 

170 
171 
172 

Oct 22 
Oct 22 
Oct 22 

0633 
0730 
0830 

7.2 
7.2 
7.2 

900.80 
907.64 
914.84 

.19-.50 

.20-.51 

.20-.51 

113.48 
115.16 
116.03 

121.82 
123.17 
124.07 

120.62 
121.75 
122.65 

137.37 
139.08 
140.39 

175.81 
177.38 
178.94 

173 
174 

Oct 22 
Oct 22 

0930 
1035 

7.2 
6.7 

922.04 
929.60 

.20-.52 

.20-.52 
116.33 
114.84 

2.540 124.70 
122.88 

1.645 123.22 
121.77 

1.394 140.75 
138.88 

3183.1 179.85 
176.26 

150.30 

175 Oct 22 1135 6.6 936.24 .20-.53 114.28 121.97 120.71 137.19 173.99 
176 Oct 22 1235 6.5 942.84 .20-.53 114.04 121.58 

177 
178 
179 
180 

Oct 22 
Oct 22 
Oct 22 
Oct 22 

1330 
1430 
1530 
1630 

6.5 
6.5 
6.5 
6.5 

945.76 
952.26 
958.76 
965.26 

.20-.53 

.21-.54 

.21-.54 

.21-.54 

113.48 
113.62 
113.53 
113.86 

2.514 121.51 
121.31 
121.80 
121.86 

1.635 119.93 
120.21 
120.18 
120.63 

1.357 136.27 
136.74 
136.83 
137.12 

3192.6 171.34 
173.20 
172.76 
173.54 

152..08 

181 Oct 22 1730 6.5 971.76 .21-.55 i13.53 2.531 121.80 1.642 120.34 1.368 136.88 3195.3 173.12 150.02 
182 
183 
184 

Oct 22 
Oct 22 
Oct 22 

1830 
1930 
2030 

6.5 
6.5 
6.5 

978.26 
984.76 
991.26 

.21-.55 

.21-.55 

.21-.56 

113.45 
113.37 
113.57 

121.16 
121.38 
121.33 

119.87 
119.99 
120.55 

136.41 
136.41 
137.45 

172.61 
172.29 
173.25 

aTemperatures were taken from T/C 2 on each specimen.
 
bMinimum and maximum neutron fluence for all specimens.
 



Table F-100 (Cont'd) 

Run 
No. 

Date 
(1967) 

Time 
Reactor 

Power 
(MW) 

Exposure 
MW-h nvtbx 1018 

, 
Aluminum 

OK gf-cm 

Specimen Temeraturea and Electrical Resistivity
NBS Be WANL Be Graphite 

OK gfl-cm OK gfl-cm OK pfl-cm 
Titanium 

OK An-em 

185 
186 
187 
188 

Oct 22 
Oct 22 
Oct 22 
Oct 23 

2130 
2230 
2330 
0030 

6.5 
6.5 
6.5 
7.2 

997.76 
1004.3 
1010.8 
1017.6 

.21-.56 

.22-.56 

.22-.57 

.22-.57 

114.42 
114.30 
113.96 
116.88 

2.533 122.56 
122.75 
122.17 
125.81 

1.667 121.17 
120.95 
121.05 
124.49 

1.396 138.70 
138.46 
137.92 
143.02 

3223.4 174.50 
174.74 
173.88 
181.82 

150.49 

189 
190 
191 
192 

Oct 23 
Oct 23 
Oct 23 
Oct 23 

0130 
0230 
0330 
0430 

7.2 
7.2 
7.2 
7.2 

1024.8 
1031.8 
1038.8 
1045.8 

.22-.58 

.22-.58 

.22-.58 

.23-.59 

116.23 
116.04 
116.36 
115.96 

2.549 124.80 
124.52 
125.12 
124.82 

1.696 123.63 
123.72 
123.83 
123.58 

1.446 141.96 
141.45 
142.14 
141.67 

3200.5 180.12 
179.54 
180.45 
179.40 

150.61 

193 
194 
195 
196 

Oct 23 
Oct 23 
Oct 23 
Oct 23 

0530 
0630 
0730 
0830 

7.2 
6.6 
6.6 
6.6 

1052.8 
1059.6 
1066.3 
1071.5 

.23-.59 

.23-.60 

.23-.60 

.23-.60 

115.89 
114.67 
114.67 
114.25 

2.550 124.77 
123.08 
123.04: 
122.49 

1.690 123.37 
121.78 
121.97 
121.25 

1.437 141.45 
139.00 
139.19' 
138.52 

3216.2 179.44 
175.99 
176.17 
173.40 

150.65 

197 
198 
199 

Oct 23 
Oct 23 
Oct 23 

0930 
1030 
1130 

6.6 
6.6 
6.6 

1078.2 
1084.9 
1091.6 

.23-.61 

.23-.61 

.24-.61 

114.64 
115.37 
115.07 

2.533 
123.10 
124.12 
123.92 

1.687 
122.03 
122.22 
122.16 

1.415 
139.40 
139.66 
139.50 

3219.6 
176.19 
176.44 
176.17 

150.28 

200 Oct 23 1245 6.4 1099.8 .24-.62 113.78 122.62 120.62 137.19 173.93 
201 
202 
203 
204 

Oct 23 
Oct 23 
Oct 23 
Oct 23 

1330 
1430 
1530 
1630 

6.4 
6.4 
6.4 
6.4 

1104.6 
1110.9 
1117.4 
1123.8 

.24-.62 

.24-.62 

.24-.63 

.24-.63 

113.84 
113.71 
113.52 
113.30 

2.531 
122.61 
122.50 
1122.05 
122.00 

1.687 
120.89 
120.88 
120.48 
120.24 

1.431 
137.44 
137.29 
136.75 
136.82 

3243.1 
174.08 
173.71 
173.07 
172.83 

149.51 

205 
206 
207 
208 

Oct 23 
Oct 23 
Oct 23 
Oct 23 

1730 
1830 
1935 
2030 

6.4 
6.4 
6.4 
6.4 

1130.2 
1136.6 
1143.5 
1149.4 

.24-.64 

.24-.64 

.25-.64 

.25-.65 

113.40 
113.32 
113.37 
113.21 

2.508 
121.95 
122.07 
122.01 
121.77 

1.706 
120.35 
120.40 
120.46 
120.49 

1.451 
136.75 
136.63 
137.03 
136.79 

3244.2 
172.69 
172.66 
172.71 
172.54 

150.32 

209 
210 
211 
212 

Oct 23 
Oct 23 
Oct 23 
Oct 24 

2130 
2230 
2330 
0030 

6.4 
6.4 
6.4 
6.4 

1155.8 
1162.2 
1168.6 
1174.9 

.25-.65 

.25-.65 

.25-.66 

.25-.66 

113.43 
113.58 
113.16 
113.23 

2.515 
122.23 
122.00 
122.09 
122.72 

1.712 
120.45 
120.64 
120.78 
121.32 

1.452 
137.13 
137.26 
137.00 
136.98 

3249.1 
172.81 
173.00 
172.92 
173.12 

150.16 

aTemperatures were taken from T/C 2 on each specimen.
 
bMinimum and maximum neutron fluence for all specimens.
 



Table F-1OO (Cont'd)
 

Run 
No. 

Date 
(1967) 

Time 
Reactor 
Power 
(MW) 

Exposure 
MW-h nvtbx 1018 

S ecimen Temperaturea and Electrical Resistivity 
Aluminum NBS Be WANL Be Graphite 
OK gfl-cm OK I ofl-cmok p°K-cm OK Ancm 

Titanium 
OK 'A-cm 

213 
214 
215 
216 

Oct 24 
Oct 24 
Oct 24 
Oct 24 

0130 
0230 
0330 
0430 

6.4 
6.4 
6.4 
6.4 

1181.4 
1187.8 
1194.2 
1200.6 

.25-.66 

.26-.67 

.26-.67 

.26-.68 

113.31 
113.32 
113.46 
113.44 

2.529 
121.99 
122.26 
122.68 
121.86 

1.728 
120.75 
120.84 
120.89 
120.82 

1.470 
136.87 
137.44 
137.30 
137.58 

3251.4 
173.07 
173.18 
172.79 
173.26 

150.21 

217 
218 
219 
220 

Oct 24 
Oct 24 
Oct 24 
Oct 24 

0530 
0630 
0730 
0830 

6.4 
6.4 
6.4 
6.4 

1206.9 
1213.4 
1219.8 
1226.2 

.26-.68 

.26-.68 

.26-.69 

.26-.69 

113.00 
113.45 
113.70 
113.72 

2.527 
121.57 
122.65 
122.62 
122.83 

1.734 
120.47 
120.83 
121.27 
121.19 

1.481 
136.59 
137.56 
138.05 
138.13 

3248.8 
172.44 
173.01 
173.26 
173.70 

150.02 

221 
222 
223 
224 

Oct 24 
Oct 24 
Oct 24 
Oct 24 

0930 
1030 
1130 
1230 

6.4 
6.4 
6.4 
6.4 

1232.6 
1238.9 
1245.4 
1251.8 

.27-.69 

.27-.70 

.27-.70 

.27-.70 

113.51 
113.53 
113.65 
113.70 

2.526 122.75 
122.75 
122.75 
122.44 

1.742 121.18 
121.13 
121.20 
121.20 

1.490 137.87 
137.65 
137.90 
138.18 

3268.6 173.54 
173.23 
173.50 
173.82 

150.42 

4-
H 

225 
226 
227 
228 

Oct 24 
Oct 24 
Oct 24 
Oct 24 

1330 
1430 
1530 
1630 

6.4 
6.4 
6.4 
6.4 

1258.1 
1264.6 
1270.9 
1277.4 

.27-.71 

.27-.71 

.27-.72 

.28-.72 

113.71 
113.83 
L1381 
113.53 

2.527 
122.86 
123.08 
122.52 
122.63 

1.746 
121.30 
121.30 
121.72 
121.23 

1.510 
138.13 
138.28 
138.60 
138.07 

3258.8 
173.74 
173.74 
173.98 
173.66 

149.88 

229 
230 
231 
232 

Oct 24 
Oct 24 
Oct 24 
Oct 24 

1730 
1830 
1930 
2030 

6.4 
6.4 
6.4 
6.4 

1283.8 
1290.2 
1296.6 
1302.9 

.28-.72 

.28-.73 

.28-.73 

.28-.73 

113.48 
113.52 
113.53 
113.59 

2.527 
122.89 
122.75 
122.44 
122.97 

1.749 
121.51 
121.14 
121.36 
121.29 

1.519 
138.22 
138.00 
138.28 
138.18 

3281.7 
173.48 
173.20 
173.25 
173.56 

150.57 

233 
234 
235 
236 

Oct 24 
Oct 24 
Oct 24 
Oct 25 

2130 
2225 
2330 
0030 

6.4 
6.4 
6.4 
6.4 

1309.4 
1315.2 
1322.2 
1328.6 

.28-.74 

.28-.74 

.29-.74 

.29-.75 

113.45 
113.49 
113.64 
113.50 

2.536 
122.36 
122.05 
122.58 
122.38 

1.780 
121.08 
121.53 
121.68 
121.37 

1.535 
137.92 
138.30 
138.27 
138.05 

3274.3 
173.21 
173.28 
173.92 
173.49 

150.33 

237 
238 
239 
240 

Oct 25 
Oct 25 
Oct 25 
Oct 25 

0130 
0230 
0330 
0430 

6.4 
6.4 
6.4 
6.4 

1335.0 
1341.4 
1347.8 
1354.2 

.29-.75 

.29-.75 

.29-.76 

.29-.76 

113.40 
113.46 
113.40 
113.39 

2.543 
122.61 
122.58 
122.94 
122.28 

1.769 
121.44 
121.61 
121.49 
121.15 

1.548 
138.24 
138.29 
138.13 
138.41 

3270.2 
173.60 
173.64 
173.34 
173.25 

150.10 

241 
241A 
242 
243 

Oct 25 
Oct 25 
Oct 25 
Oct 25 

0530 
0630 
0730 
0830 

6.4 
6.4 
6.4 
6.4 

1360.6 
1366.9 
1373.4 
1379.8 

.29-.77 

.29-.77 
,30-.77 
:30-.78 

113.38 
113.54 
113.57 
113.48 

2.547 
122.58 
122.87 
122.41 
122.72 

1.802 
120.74 
121.84 
121.50 
121.51 

1.544 
137.91 
138.76 
139.09 
38.66 

3275.1 
173.28 
173.65 
173.23 
173.10 

149.84 

aTemperatures were taken from T/C 2 on each specimen.
b Minimum and maximum neutron fluence for all specimens. 



Table F-100 (Cont'd)
 

Reactor _ _ Specimen Temperaturea and Electrical Resistivity

Run Date Time Power Ex osure Aluminum NBS Be WANL Be Graphite Titanium
 
No. (1967) (MW) MW-h nvtbx 1018 OK gfl-cm, OK JAI-em OK ItO-cm OK 14O-cm OK itO-cm
 

244 Oct 25 1930 6.4 1386.2 .30-.78 113.33 122.50 121.30 138.05 172.76
245 Oct 25 
 1030 6.4 1392.6 .30-.78 
 113.18 2.535 122.53 1.768 121.69 
 1.553 138.51 3283.5 172.68 150.33
246 Oct 25 1130 6.4 1398.9 .30-.79 113.36 122.83 - 121.69 138.51 172.76
247 Oct 25 1235 6.4 1405.9 .30-.79 113.33 122.83 121.69 138.51 
 172.72
 

248 Oct 25 1330 6.4 1411.8 .30-.79 113.24 122.99 
 121.44 139.07 172.80
249 Oct 25 1430 6.4 1418.2 .31-.80 113.57 2.540 123.10 1.817 122.16 1.574 139.07 3273.5 173.52 149.65
250 Oct 25 1530 6.4 1424.6 .31-.80 113.34 122.78 121.82 138.90 173.22
251 Oct 25 1630 6.4 1430.9 .31-.81 113.57 123.36 121.74 138.76 173.62 

252 Oct 25 1730 6.4 1437.4 .31-.81 113.54 123.34 122.16 139.00 173.62
253 Oct 25 1830 6.4 1443.8 .31-.81 113.55 2.537 123.12 
 1.830 122.08 1.580 139.22 3294.3 173.56 150.16
254 Oct 25, 1930 6.4 1450.2 .31-.82 113.68 123.44 122.26 
 139.34 173.68
255 Oct 25 2030 6.4 1456.6 .31-.82 -113.52 123.45 121.89 139.48 
 173.93
 

256 Oct 25 2130 6.4 1462.9 .32-.82 113.65 123.67 122.18 139.74 
 174.55
 
257 Oct 25 '2230 6.4 1469.4 .32-.83 113.62 2.547 123.20 1.843 122.12 1.599 139.40 3286.4 173.93 
151.03
258 Oct 25 2330 6.4 1475.8 .32-.83 113.51 122.93
259 Oct 26 0030 122.12 139.42 173.26
6.4 1482.2 .32-.83 113.77 123.49 122.35 
 139.76 174.23
 

260 Oct 26 0130 6.4 1488.6 .32-.84 113.69 124.11 
 122.55 139.71 174.39
261 Oct 26 0230 6.4 149S.0 .32-.84 113.76 2.553 
 124.82 1.860 122.45 1.605 140.21 3292.1, 174.31 150.70

262 Oct 26 0330 6.4 1501.4 .32-.84 113.64 123.66 121.98 139.29 174.00

263 Oct 26 0430 6.4 1507.8 .33-.85 113.52 123.22 122.01 139.19 
 173.62
 
264 Oct 26 0530 6.4 1514.2 .33-.85 113.64 123.38 122.47 139.35 173.96
265 Oct 26 0630 6.4 1520.6 .33-.86 113.78 2.542 123.52 1.846 122.39 1.618 140.03 3271.3 173.50 149.33
266 Oct 26 0730 6.4 1527.0 .33-.86 113.68 123.41 122.67 139.99 
 174.05
267 Oct 26 0830 6.4 1533.4 .33-.86 113.83 123.60 122.58 
 140;43 174.05
 

268 Oct 26 0930 6.4 1539.8 .33-.87 113.65 124.20 122.61 139.78 
 174.05
269 Oct 26 1030 6.4 1546.2 .33-.87 113.54 2.543 123.99, 1.865 122.33 1.624 139.78 3300.4 
173.77 150.67
270 Oct 26 1130 6.4 1552.6 .33-.87 113.59 123.16 122.43 
 139.93 173.67
271 Oct 26 1230 6.4 1558.9 .34-.88 113.61 123.19 122.15 140.03 173.01
 
272 Oct 26 1330 6.4 1565.4 .34-.88 113.58 123.63 122.33 140.04 
 173.59

273 Oct 26 1430 6.2 1571.7 .34-.88 112.69 2.536 121.94 1.860 121.13 1.613 138.20 3285.5 171.42 149.79
274 Oct 26 1530 6.2 1577.9 .34-.89 112.48 122.01 121.17 
 138.02 171.15
275 Oct 26 
 1630 6.2 1584.1 .34-.89 112.55 1122.34 121A9 1.328.7 - 121_21 
aTemperatures were taken from T/C 2 on each specimen.
 
b Minimum and maximum neutron fluence for all specimens.
 



Table F-100 (Cont'd)
 

Reactor S ecimen Temperaturea and Electrical Resistivity

Run Date' Time Power Ex osure Aluminum NBS Be WANL Be Graphite Titanium
 
No. (1967) _ (MW) MW-h nvtbx 1018 OK Af-cm OK gn-cm OK pfl-cm OK -cm OK gi-cm 

276 Oct 26 1730 6.2 1590.2 .34-.89 112.80 122.49 121.40 138.79 171.64
277 Oct 26 1830 6.2 1596.5 .34-.90 112.71 2.520 122.50 1.879 121.52 1.646 
 138.61 3294.1 171.33 149.59
278 Oct 26 1930 6.2 1602.7 .35-.90 113.02 122.66 121.31 138.19 171.63
279 Oct 26 2030 6.2 160.9 .35-.91 113.31 122.75 121.75 
 138.69 171.86
 

280 Oct 26 2130 6.2 1615.1 .35-.91 113.09 122.83 121.86 
 139.14 172.14
281 Oct 26 
 2230 6.2 1621.3 .35-.91 114.38 2.538 123.63 1.892 122.12 1.658 139.47 
 3298.0 172.45 149.91
282 Oct 26 2330 6.2 1627.3 .35-.92 113.49 122.69 122.06 139.32 172.31
283 Oct 27 0030 6.2 1633.7 .35-.92 113.82 123.55 121.79 139.36 172.22
 

284 Oct 27 0130 6.2 1639.9 .35-.92 114.03 123.16 121.86 139.14 
 173.49
285 Oct 27 0230 6.2 1646.1 .36-.93 112.64 2.543 122.67 
 1.888 121.69 1.658 138.61 3314.7 171.91 150.13
286 Oct 27 0330 6.2 1652.3 .36-.93 112.72 122.35 122.00 
 138.94 172.14
287 Oct 27 0430 6.2 1658.5 .36-.93 112.70 123.21 121.90 139.25 171.73
 

288 Oct 27 0530 6.2 1664.7 .36-.94 112.92 124.06 122.43 
 139.34 172.28
289 Oct 27 0630 6.2 1670.9 .36-.94 112.78 2.550 122.47 1.896 121.86 1.673 
138.69 3313.2 171.83 149.87
290 Oct 27 0730 6.4 1677.2 .36-.94 113.71 123.79 122.97 
 140.93 174.03
291 Oct 27 0830 6.4 1683.6 .36-.95 113.76 123.91 
 123.08 141.09 
 174.02
 
292 Oct 27 0930 6.4 1690.0 .36-.95 113.80 123.96 123.05 
 141.09 174.25
293 Oct 27 1030 6.4 1696.4 .37-.95 113.51 2.555 123.41 
 1.924 122.78 1.691 140.36 3317.3 173.78 150.55
294 Oct 27 1330 6.4 1707.8 .37-.96 112.29 121.91 121.18 
 138.42 170.19,
295 Oct 27 1430 6.4 1714.2 .37-.96 113.01 123.02 122.36 139.75 172.09
 

296 Oct 27 1530 6.4 1720.6 .37-.97 113.10 123.62 122.65 
 139.85 172.71
297 Oct 27 1630 6.4 1727.0 .37-.97 113.33 2.553 123.91 1.930 122.93 1.702 
 140.19 3317.9 172.96 150.48
298 Oct 27 1730 6.4 1733.4 .37-.98 113.72 124.36 
 123.11 141.15 174.33
299 Oct 27 1830 6.4 1739.8 .38-.98 113.50 123.94 123.02 41.07 
 173.90
 

300 Oct 27 1930 6.4 1746.2 .38-.98 13.86 124.51 123.06 L41.29 
 174.04
301 Oct 27 2030 6.4 1752.6 .38-.99 13.79 2.565 L24.63 1.949 L23.34 1.712 
 41.23 3310.3 174.18 150.46
302 Oct 27 2130 6.4 1759.0 .38-.99 13.83 L23.86 L23.10 L41.24 175.09
303 Oct 27 2230 6.4 1765.4 .38-.99 13.70 L24.03 123.28 41.28 174.34
 

304 Oct 27 2330 6.4 1771.8 .38-1.00 13.62 L24.95 123.47 
 41.20 174.64
05 Oct 28 0030 6.4 1778.2 .38-1.00 13.55 2.574 L24.44 1.968 L23.38 1.710 
 41.36 3291.3 174.48 149.37
061Oct 28 0130 6.4 1784.6 .38-1.00 13.68 24.44 23.59 
 4:5
Oct 28 0070230 . 1791.t .39 1.01 1-8 L24.01 423.50 41.57
 
aTemperatures were taken from T/C 2 on each specimen.

bMinimum and maximum neutron flu'ence for all specimens.
 



Table F-lO0 (Cont'd)
 

Reactor' Specimen Temperaturea and Electrical Resistivity

Run 
No. 

Date 
(1967) 

Time Power 
(W) 

Exposure 
MW-h nvtbx 1018 

Aluminum 
OK AO-cm 

NBS Be 
OK -fl-cm 

WANL Be 
OK nfl-cm 

Graphite 
OK nfl-cm 

Titanium 
OK gfl-cm 

308 Oct 28 0330 6.4 1797.4 139-1.01 113.63 2.564 124.24 1.946 123.57 1.731 141.45 174.54 149.91 
309 Oct 28 0430' 6.4 1803.8 .39-1.02 i3.71 124.63 123.78 141.47 174.54 
310 Oct 28 0530 6.4 1810.2 .39-1.02 113.48 123.93 123.46 141.32 173.98 
311 Oct 28 0630 6:4 1816.6 .39-1.02 1i3.28 124.29 123.S0 141.18 173.98 

312 Odt 28 0730 6.4 1823.0 .39-1.03 113.55 2.561 124.18 1.968 123.20 1.729 140.97 3310.5 174.02 149.59 
313 
314 
315 

Oct 28 
Oct 28 
Oct 28 

0830 
0930 
1030 

6.4 
6.4 
6.4 

1829.4 
1835.8 
1842.2 

.39-1.03 

.40-1.03 

.40-1.04 

113.62 
113.53 
113.11 

123.94 
123.63 
123.58 

123.57 
123.08 
122.79 

141.53 
141.21 
140.28 

174.06 
173.72 
173.03 

316 
317 

Oct 28 
Oct 28 

1130 
1230 

6.4 
6.4 

1848.6 
1855.0 

.40-1.04 

.40-1.04 
113.52 
113.50 

2.578 123.98 
124.05 

1.969 123.23 
123.36 

1.755 141.67 
142.23 

3312.2 173.51 
173.41 

150.02 

318 Oct 28 1330 6.4 1861.4 .40-1.05 f13.68 124.32 123.42 142.26 173.86 
319 Oct 28 1430 6.4 1867.8 .40-1.05 113.70 124.43 123.11 141.34 174.02 

320 Oct 28 1530 6.4 1874.2 .40-1.06 113.52 2.562 124.14 1.985 123.66 1.747 141.39 3319.6 173.80 150.48 
321 
322 
323. 

Oct 28 
Oct 28 
Oct 28 

1630 
1730 
2130 

6.4 
6.4 
0 

1880.6 
1887.0 
1887.0 

.4 

.41-1.06 

.41-1.06 

1-13.16 
113.14 
77.47 2.163 

124.12 
123.87 
77.52 1.688 

122.98 
122.99 
77.46 1.432 

140.61 
140.69 
77.40 3482.8 

172.91 
172.61 
77.65 139.37 

324 Oct 29 0130 0 1887.0 .41-1.06 77.40 2.163 77.44 1.662- 77.47 1.421 77.48 3488.0 77.40 138.32 
325 Oct 29 0530 0 1887.0 .41-1.06 77.21 2.157 77.24 1.688 77.18 1.421 77.10 3469.1 77.51 138.67 
326 Oct 29 0934 0 1887.0 .41-1.06 77.42 2.158 77.46 1.688 77.41 1.423 77.37 3462.1 77.51 138.61 
327 Oct.29 1330 0 1887.0 .41-1.06 77.41 2.158 77.43 1.684 77.41 1.424 77.38 3458.9 77.48 138.59 

328 Oct 29 1730 0 1887.0 .41-1.06 77.40 2.149 77.46 1.682 77.41 1.428 77.37 3462.1 77.46 138.98 
329 Oct 29 2130 0 1887.0 .41-1.06 77.48 2.151 77.50 1.680 '77.40 1.426 75.11 3489.0 77.66 139.28 
330 Oct 31 0200 0 1887.0 .41-1.06 77.40 2.158 77.40 1.699 77.40 1.439 77.40 3487.5 77.42 139.73 
331 Oct 31 0600 0 1887.0 .41-1.06 77.40 2.171 77.40 1.697 77.40 1.429 77.40 3487.9 77.41 139.56 

332 Oct 31 0800 0 1887.0 .41-1.06 77.43 77.44 77.40 77.44 77.49 
333 
334 

Oct 31 
Oct 31 

0930 
1030 

5.0 
5.0 

1900.8 
1905.8 

.41-1.07 

.41-1.07 
108.88 
104.52 

111.41 
112.42 

11.15 
112.04 

123.92 
125.38 

149.65 
.150.57 

335 Oct 31 1130 5.0 1910.8 .41-1.08 105.06 113.37 112.84 126.14 152.23 

336 Oct 31 1230 5.0 1915.8 .41-1.08 105.29 2.465 113.37 1.913 112.95 1.658 126.65 3360.0 151.99 148.36 
337 Oct 31 1330 5.0 1920.8 .41-1.08 105.55 113.88 113.15 126.71 153.14 
338 Oct 31 1430 5.0 1925.8 .42-1.08 105.68 113.95 113.54 127.04 153.53 
339 Oct 31 1530 5.0 1930.8 .42-1.09 105.60 114.12 113.43. 127.12 153.12 
aTemperatures were taken from T/C 2 on each specimen.
 
bMinimum and maximum neutron fluence for all specimens.
 



Table F-100 (Cont'd)
 

Reactor Specimen Temperaturea and Electrical Resistivity
 
Run Date Time Power Ex osure Aluminum NBS Be WANL Be Graphite Titanium
 
No. (1967) (MW) MW-h nvtbx 1018 OK Mfl-cm OK gfl-cm OK -fl-cm OK JR-cm OK gfl-cm
 
340 Oct 31 1630 5.0 1935.8 .42-1.09 105.94 2.470 114.44 1.930 113.86 1.694 127.27 3350.6 153.11 147.99
341 Oct 31 1730 5.0 1940.8 .42-1.09 106.05 114.26 113.65 
 127.32 153.34
342 Odt 31 1830 5.0 1945.8 .42-1.10 105.89 114.13 
 113.56 126.86 153.00
343 Oct 31 
 1930 5.0 1950.8 .42-1.10 105.93 114.01 113.58 127.12 153.22
 

344 Oct 31 203C 5.0 1955.8 .42-1.10 105.94 2.480 114.54 1.925 113.35 1.682 126.87 3377.8 152.89 148.59
345 Oct 31 213C 5.0 1960.8 .42-1.10 105.88 114.32 114.31 
 127.45 153.94

346 Oct 31 2230 5.0 1965.8 .42-1.11 105.97 114.67 113.87 127.57 154.09

347 Oct 31 233C 5.0 1970.8 .43-1.11 105.68 114.44 113.73 127.31 153.75
 
348 Nov 1 0030 5.0 1975.8 .43-1.11 105.85 2.591 114.60 1.943 113.82 1.687 125.77 3365.9 154.11 148.40
349 Nov 1 0130 5.0 1980.8 .43-1.12 105.05 113.74 113.15 126.18 152.49
350 Nov 1 0230 5.0 1985.8 .43-1.12 105.90 114.67 113.67 
 127.45 153.98
351 Nov 1 0330 5.0 1990.8 .43-1.12 105.86 114.15 
 113.75 127.18 153.95
 

352 Nov 1 0430 5.0 1995.8 .43-1.12 105.90 2.487 114.58 1.949 113.95 1.702 127.36 3366.5 153.96 148.60
353 Nov 1 0530 5.0 2000.8 .43-1.13 105.82 114.55 113.63 127.17 
 153.55
354 Nov 1 0630 5.0 2005.8 .43-1.13 106.03 114.87 114.20 127.57 154.24
 
355 Nov 1 0730 5.0 2010.8 .43-1.13 106.17 114.71 114.25 127.88 154.40
 

356 Nov 1 0830 5.0 2015.8 .43-1.13 106.06 2.487 
114.74 1.956 114.15 1.713 127.77 3374.2 154.27 148.61
357 Nov 1 0930 5.0 2020.8 .44-1.14 106.24 114.81 114.41 127.98 154.68
358 'Nov 1 1030 5.0 2025.8 .44-1:14 106.25 115.20 
 114.46 128.28 154.92
 
359 Nov 1 1130 5.0 2030.8 .44-1.14 106.18 114.90 114.60 127.95 154.56
 

360 Nov 1 1230 5.0 2035.8 .44-1.15 106.16 2.495 
 114.77 1.960 114.27 1.722 128.27 3380.7 154.72 148.59
361 Nov 1 1330 5.0 2040.8 .44-1.15 106.06 114.35 114.01 127.76 
 154.20
362 Nov 1 1430 5.0 2045.8 .44-1.15 106.34 115.12 114.27 128.29 154.87
363 Nov 1 1530 5.0 2050.8 .44-1.15 106.20 114.96 114.47 
 128.10 154.73
 

364 Nov 1 1630 5.0 2055.8 .44-1.16 106.31 2.517 114.94 1.969 114.47 1.72o 128.14 3361.8 155.01 148.23
365 Nov 1 1730 5.0 2060.8 .44-1.16 106.46 115.25 114.63 
 128.29 155.20

366 Nov 1 1830 5.0 2065.8 .45-1.17 106.35 115.38 114.82 
 128.50 155.30

367 Nov 1 1930 5.0 2070.8 .45-1.17 106.22 114.79 114.44 128.31 154.60
 

368 Nov 1 2030 5.0 2075.8 .45-1.17 106.81 2.494 115.31 1.929 114.51 1.732 128.49 3387.4 154.81 148.63369 Nov 1 2130 5.0 2080.8 .45-1.17 107.17 115.29 114.39 128.19 154.63370 Nov 1 2230 5.0 2085.8 .45-1.17 106.35 115.40 114.58 128.28 115.17371 Nov 1 2330 5.0 2090.8 .45-1.18 106.10 111471 113.98 127.98 ____0_ 

aTemperatures were taken from T/C 2 on each specimen.
 
tMinim-, and maximum neutron fluence for all specimens.
 



Table F-100 (Cont'd) 

Run 
No. 

Date 
(1967) 

Time 
Reactor-
Power 
(MW) 

Ex osure 
'MW-h nvt1 x 1018 

Specimen Temperaturea and Electrical Resistivity 
Aluminum NBS Be WANL Be Graphite 

OK An-cm OK nf-cm OK 1ka-cm OK Ail-cm 
Titanium 

OK gfl-cm 

372 
373 
374 
375 

Nov 2 
Nov 2 
'Nov2 
'Nov 2 

003 
013 
023 
033 

. 5.0 
5.0 
5.0 
5.0 

2095.8 
2100.8 
2105.8 
2110.8 

. 

.45-1.18 

.45-1.18 

.45-1.19 

.46-1.19 

106.10 
106.08 
106.02 
106.23 

2.484 114.88 
115.11 
115.15 
115.32 

1.984 114.36 
114.60 
114.52 
114.89 

1.742 127.87 
128.16 
128.15 
128.43 

3374.5 154.85 
'154.67 
154.90 
155.05 

147.89 

376 
176A 
373, 
378 

Nov 2 
Nov 2 
Nov 2 
,Nov 2 

0430 
0530 
063C 
0730 

5.0 
5.0 
5.0 
5.0 

2115.8 
2120.8 
2125.8 
2130.,8 

.46-1.19 

.46-1.19 

.46-1.20 

.46-1.20 

106.23 
106.29 
106.35 
106.21, 

2.492 115.30 
115.23 
115.19 
115.35 

1.997 114.61 
114.56 
114.56 
114.62 

1.753 127.90 
127.97 
128.31 
128.12 

3379.9 154.86 
.154.95 
115.13 
154.92 

148.44 

379 
380 
381' 
382 

Nov 2 
'Nov2 
Nov 2 
Nov 2 

0830 
0930 
I030. 
1130. 

5.0 
5.0 
5.0 
5.0 

2135.8 
2140.8 
2145.8 
215Q.8 

.46-1.20 

.46-1.21 

.46-1.21 

.46-1.21 

106.29 
106.33 
106.39 
106.30 

2,499 l15.23 
115.21 
115.13 
115.03 

2.004 114.50 
114.47 
114.71 
114.80 

1.764 1"28.57 
128.41 
128.43 
128.36 

3394.6 154.76 
154.61 
154.87 
154.84 

148.18 

p. 
383 
384 
385 
386 

Nov 2 
Nov 2 
Nov 2 
Nov 2 

1230 
1330 
1430 
1530 

5.0 
5.0 
5.0 
5.0 

2155.8 
2160.8 
2165.8 
2170.8 

, .47-1.21 
.47-1.22 
.47-1.22 
.47-1.22 

106.42 
106.37 
106.29 
106.39 

115.60 
115.34 
115.60 
115.60 

114.80 
115.08 
114.76 
114.80 

128.49 
128.34 
128.53 
128.20 

155.03 
154.69 
154.82 
154.78 

387 
388 
389 
390 

Nov 2 
Nov 2 
Nov 2 
Nov 2 

1630 
1730 
1830 
1930 

5.0 
5.0 
5.0 
5.0 

2175.8 
2180.8 
2185.8 
2190.8 

.47-1.22 

.47-1.23 

.47-1.23 

.47-1.23 

106.41 
106.29 
106.34. 
106.27 

2.498 115.51 
114.90 
115.14 
115.20 

2.004 114.85 
114.41 
114.83 
114.88 

1.776 128.39 
128.32 
128.27 
128.37 

3386.3 154.76 
154.22 
154.57 
154J73 

148.11 

391 Nov 2 2030 5.0 2195.8 .47-1.24 106.17 2.491 115.11 2.020 114.63 1.788 128.30 3402.4 154.65 148.89 
392 Nov 2 2130 5.0 2200.8 .47-1.24 106.27 115.28 114.82 128.39 155.06 
393 
394 

Nov 2 
Nov 2 

2230 
2300 

5.0 
5.0 

2205.8 
2210.8 

.48-1.24 

.48-1.24 
106.27 
106.29 

115.65. 
115.37 

114.72 
115.01 

128.59 
128.63 

155.01 
155.15 

395 
396 
397 
398 

Nov 3 
Nov 3 
Nov 3 
Nov 3 

0030 
0130 
0230 
0330 

5.0 
5 0 
5.0 
5.0 

2213.3 
2220.8 
2225.8 
2230.8 

.48-1.25 

.48-1.25 

.48-1.25 

.48-1.26 

106.28 
106.35 
106.40 
106.43 

2.505 115-.64 
115.40 
115.48 
115.55 

2.022 115.06 
115.05 
114.71 
115.29 

1.783 128.48 
128.48 
128.91 
128.81 

3386.5 1 5.01 
155.29 
155.42 
155.49 

148.92 

. -' 

399 
400 
401 
402 

Nov 3 
Nov 3 
Nov 3 
Nov 3 

0430 
0530 
0630 
6730 

5.0 
5.0 
5.0 
5.0 

2235.8 
2240.8 
2245.8 
2250.8 

.48-1.26 106.31 

.481.26 106.42 

.48-1.26' 106.'55 

.49-1.27 106.50 

2.507 115.79 2.044 
115.69 
115.40 
115.71 1 

115.01 
115.38 
115.10 
115.00 

1.798 128.60 3392 .9 155.27 
128.81 155.16 
129.09 155.45 
128.92 1 155.12 

148.61. 

aTemperatures were taken from T/C 2 on eacb specimen.
 
bMinimum and maximum neutron fluen6e for all specimens.
 



Table F-100 (Cont'd)
 

Run 
No. 

Date 
(1967) 

Time 
Reactor 
Power 
(MW) 

Exposure 
MW-h nvtx 1018 

Aluminum 
OK fl-cm 

Specimen Temperaturea and Electrical Resistivity 
I NBS Be -WANL Be Graphite 

OK gf-cm bK Ifl-cm OK n-cm 
Titanium 
OK g-cm 

403 
404 
405 
406 

Nov 3 
Nov 3 
Nov 3 
Nov 3 

0830 
0930 
1030 
1130 

5.0 
5.0 
5.0 
5.0 

2255.8 
2266.8 
2265.8 
2269.8 

.49-1.27 

.49-1.27 

.49-1.28 

.49-1.28 

106.48 
106.50 
106.35 
106.39 

2.497 115.61 
115.42 
115.63 
115.46 

2.046 115.15 
115.11 
115.01 
114.70 

1.813 129.13 
128.94 
129.05 
128.86 

3393.2 155.25 
155.40 
155.35 
154.61 

148.86 

407 
408 
409 
410 

Nov 3 
Nov 3 
Nov 3 
Nov 3 

1230 
1330 
1430 
1530 

5.0 
5.0 
5.0 
5.0 

2274.8 
2279.8 
2284.8 
2289.8 

.49-1.28 

.49-1.28 

.49-1.29 

.49-1.29 

106.29 
106.50 
106.49 
106.55 

2.510 115.64 
115.66 
115.79 
115.87 

2.049 114.87 
115.20 
115.23 
115.27 

1.819 128.64 
128.80 
128.88 
f28.99 

3405.8 154.72 
155.03 
155.11 
155.47 

148.56 

411 
412 
413 
414 

Nov 3 
Nov 3 
Nov 3 
Nov 3 

1630 
1800 
1950 
2330 

5.0 
5.0 
0 
0 

2294.8 
2302.3 
Post 
Post 

.50-1.29 

.50-1.30 
106.50 
106.66 
77.44 
77.45 

2.512 
2.504 
2.196 
2.194 

115.46 
116.08 
77.49 
77.46 

2.068 
2.061 
1.847 
1.848 

115.04 
115.24 
77.46 
77.45 

1.824 
1.828 
1.583 
1.583 

129.05 
129.12 
77.46 
77.40 

3397.3 
3410.4 
3521.4 
3537.3 

155.24 
155.48 
77.68 
77.56 

148.45 
149.03 
139.33 
139.55 

p. 415 Nov 4 0330 0 Post 77.41 2.184 77.44 1.843 77.41 1.580 77.36 3520.6 77.49 139.52 

0O 
416 
417 
418 

Nov 4 
Nov 4 
Nov 4 

0730 
1130 
1530 

0 
0 
0 

Post 
Post 
Post 

77.40 
77.47 
77.49 

2.176 
2.193 
2.185 

77.42 
77.51 
77.53 

1.837 
1.841 
1.836 

77.40 
77.40 
77.41 

1.577 
1.578 
1.576 

77.38 
74.33 
72.15 

3539.1 
3524.3 
3535.8 

77.48 
77.73 
77.85 

139.74 
139.60 
139.06 

419 
420 
421 
422 

Nov 4 
Nov 4 
Nov 5 
Nov 5 

1930 
2350 
0400 
0800 

0 
0 
0 
0 

Post 
Post 
Post 
Post 

77.48 
77.48 

.77.46 
77.46 

2.185 
2.186 
2.190 
2.183 

77.49 
77.47 
77.46 
77.46 

1.836 
1.845 
1.845 
1.841 

77.40 
77.40 
77.40 
77.40 

1.571 
1.580 
1.586 
1.580 

71.74 
72.06 
72.69 
73.22 

3521.0 
3537.2 
3535.9 
3525.6 

77.86 
77.80 
77.77 
77.73 

139.29 
139.53 
139.59 
139.59 

423 
424 

Nov 5 
Nov 5 

1200 
1600 

0 
0 

Post 
Post 

77.48 
77.48 

2.190 
2.185 

77.46 
77.44 

1.848 
1.840 

77.42 
77.40 

1.587 
1.574 

73.84 
74.35 

3534.7 
3519.2 

77.72 
77.70 

140.33 
139.23 

aTemperatures were taken from T/C 2 on each specimen. 
binimum and maximum neutron fluence for all specimens, 



APPENDIX G
 

ELECTRICAL RESISTIVITY TEST 37/R201
 
CALCULATED DATA
 

Tables C-1 through G-55 contain the data and calculations
 

for P and AP. The "Input Data" were processed by an IBM 360
 

computer. The methods used to process the data and definitions
 

of the statistical terms are presented in Section III.
 

A general rule to follow to determine a reasonable
 

,number of significant digits that are applicable to the various
 

values listed in the following tables is to make a relative com

parison between teh value considered and its respective confidence
 

limit. For example, a value of P = 1.4996 gohm-cm may be accurate
 

to five significant digits, but with a confidence interval of
 

1.4938 and 1.5053 iohm-cm, pmight well be limited to 1.500 +
 

0.006 gohm-cm so far as inferences about the final results are
 

concerned.
 

The data listed in the IBM E format is interpreted as
 

follows:
 

= 1.552 x 102
1.55200E 02 


1.55200E-02 = 1.552 x 10-2
 

419
 



Table &-I
 

ELECTRICAL RESISTIVITY OF TITANIUM: PREIRRADIATION
 

Input Data Calculated Data R
Run Least Squares
 

Temperature 
 Resistivity Residuals No. . Fit Coefficients(oK) (pohm-)cm) (input-cab) 

7.7399990 01 1.552000E 02 1.548783E 02 3.2170t0E-01 IP - C + C2 T + C 
9.650000D 01 1.575000E 02 1.577012E 02 -2.0120245-01 2
 
1.180000D 02 1.606000E 02 1.607887E 02 -1.886749E-01 3
 
1.4100000 02 1.6380CC0 02 1.639858E 02 -1.858521E-01 4 - 1.42668E 02
C1

1.7000000 02 1.678000E 02 1.678613E 02 -6.134033E-02 5 
2.020000D 02 1.7240005 02 1.719362E 02 4.638367E-01 6
2.2650000 02 1.7490C0£ 02 1.749130E 02 -1.301575E-02 7 1.65753E-01C2 
2.525000D 02 1.7800C02 02 1.7793552 02 6.346130E-02 8 
2.785000D 02 1.8050CCE 02 1.8082045 02 -3.2043462-01 9 
2.950000D 02 1.827000E 02 1.825782E 02 1.218262E-01 10 -1.03266E-04C3 


Statistical Terms
 

= 4 (Resduals)2/d.f°e 

s = 2.815103E-01
e 


d.f. = 7 

ta = 2.36 

a = 0.05 

Temperature Tmeau95%P Confidence Limits 95 ofdne Limitson Individuals on the Mean 
(01K) ( om-Lower Upper Lower Upper 

-80. 1.55267E 02 2.01005E-01 1.54451E 02 1.56083E 02 1.54793E 02 1.55741E 02
 
90. 1.56749E 02 1.68749E-01 1.55974E 02 1.57524E 02 1.56351E 02 1.57147E 02


100. 1.58210E 02 1.44382E-01 1.57464E 02 1.58957F 02 1.578705 02 1.58551S 02 
110. 1.59651E 02 1.28621E-01 1.539215 02 1.60381E 02 1.59347E 02 
 1.59955E 02
 
120. 1.61071E 02 1.212615-01 
 1.60348E 02 1.61794E 02 1.60785E 02 1.61357E 02
130. 1.62470E 02 1.20711E-01 1.61748E 02 1.63193E 02 1.62186E 02 1.62755C 02
 
140. 1.63849F 02 1.244b85-01 1.63123E 02 1.64576E 02 1.63555E 02 1.64143E 02 
150. 1.65207E 02 1.30084F-01- 1.64475E 02 1.65939 0;2 1.64900E 02 1.65514E 02
160. 1.66545E 02 1.35719F-01 1.65807E 02 1.67282E 02 1.662242 02 1.46865E 02 
170. 1.67861E 02 1.40184E-01 1.67119E 02 1.68604E 02 1.67530E 02 1.68192E 02
,I10. 1.69157E 02 1.42793E-01 1.68412E 02 1.69902E 02 1.68820E 02 1.69494E O2 
190. 1.70433E 02 1.432215-01 1.69687E 02 1.711785 02 1.70095E 02 1.70771E 02 
200. 1.716888 02 I.1434E-01 1.70944E 02 1.72431E 02 1.71354E 02 1.72021E 02 
210. 1.72922E 02 1.376621-01 1.72182E 02 1.73661E 02 1.72597E 02 1.73247E 02 
220. 1.74135E 0? 1.324835-01 1.73401E 02 1.74870E 02 1.73823E 02 1.74448F 02
230. 1.75328E 02 1.26909E-01 
 1.74599E 02 1.76057F 02 1.75029E 02 1.75628E 02
 
240. 1.76500E 02 1.225695-01 1.75776E 02 1.77225E '02 1.76211E 02 1.76790E 02
250. 1.77652E 02 1.21712E-01 1.76928E 02 1.78376E 02 1.77365E 02 1.77939E 02 
260. 1.78783F 02 1.26691E-01 1.78054E 02 1.79511E 02 1.78483A 02 1.79082F 02270. 1.79893E 02 1.40020E-01 1.79151E 02 1'.80635E 02 1.795631 02 1.80223E 02
 
280. 1.805836 02 1.617455-01 1.80216E 02 1.81749F 02 1.80601E 02 1.81364E 02 
290. 1.82051E 02 1.915805-O1 
 1.81248E 02 1.829555 02 1.815992 02 1.82504E 02 
300. 1.83100E 02 2.28619E-01 
 1.822442 02 1.83956E 02 1.825605 02 1.836395 02
 

420
 



Table C-2 

ELECTRICAL RESISTIVITY OF TITANIUM: POSTIRRADIATION
 

Input Data Calculated Data Run Least Squares 

Temperature Resistivity Resistivity Residuals No. Fit Coefficients 
(oK) (Iobm-cm) (pohm-cm) (input-cale) 

7.71999qD 01 1.569000E 02 1.567387F 02 1.612549E-01 P = C+ 2 + 

9.7500000 01 1.595000E 02 1.594438E 02 5.621333E-02 2 
1.1050000 07 1.6080001 02 1.611647E 02 -3.641815E-01 3 
1.450000D 02 1.657000F 02 1.656188E 02 8.119202E-02 4 CI = 1.458111E 02 
1.7400000 02 1.693000E 02 1.692386E 02 6.141188E-07 5 
1.9600000 02 
2.2150000 02 

1.72000CF 02 
1.7500006 02 

1.71q0861 02 
1.749213F 0? 

9.1430651-02 
7.1689532-02 

6 
7 

C 
2 

= -l.464266E-01 

2.565000D 02 1.786000E 02 1.789130E 02 -3.133341E-01 P 
2.7100000 02 1.8040001 02 1.8051811 02 -1.1-1183E-01 C 
2.960000D 02 1.834000. 02 1.8321861 02 1.813q122-01 10 C3 = -6.773608E-05 
3.260000D 02 1.864000E 02 1.863474F 02 5.255127F-02 11 
3.6650000 02 1.905000E 02 1.903780F 02 1.220093E-01 12 
4.1900000 02 1.95200CE 02 1.9527?OF 02 -7.201674E-02 13 
4.6100000 02 1.989000E 02 1.989184E 02 -1.843262E-02 14 

Statistical Terms 

s e = 4fl(sidualI)2/ds.. 

s. = 1.795770E-01 

d.f. - 11
 

to = 2.20 

a = 0.05 

t 95V"Confidence, Limits 957. Confidence Limits 
TemperatuSe on fidividuals on the Mean 

(K) -Lower Upper Lower Upper 

80. 1.57092V 02 1.09350£-01 1.56629E 02 1.57554F 02 1.56851E 02 1.57332E 02 
100. 1.59776F C2 8.91714F-02 1.593351 32 1.60217E 02 1.59580E 02 1.59973E 02 
120. 1.624072 02 7.410671-02 1.519802 02 1.67834E 02 1.62244E 02 1.62570E 02
 
140. 1.64983E 02 6.467071-02 1.64563r 32 1.65403F 0? 1.648416 02 1.65125E 02
 
160. 1.675056 02 6.06584E-02 1.67088F 02 1.67922E 02 1.6737?2 02 1.67639F 02
 
180. 1.6997E 02 6.0761SE-02 1.69556F 02 1.70390E 0? 1.69840E 02 1.70107E 02 
200. 1.72387E C2 6.30944E-02 1.71963E 02 1.72806E 02 1.722481 02 1.72526E 02 
220. 1.74747E 02 6.50272E-02 1.743261 02 1.75167E 02 1.74601E 02 1.748921 02
 
240. 1.770521 02 6.85099F-02 1.76629E 02 1.77475E 02 1.76901E 02 1.77203E 02
 
260. 1.79303E 02 7.00067E-02 1.798791 02 1.79727E 02 1.79149E 02 1.7945TE 02
 
280. 1.815001 02 7.03695r.-02 1.81075E 02 1.81924E 02 I.01345F 02 1.81655E 02
 
300. 1.83643E 02 6.97768E-02 1.83214E 02 1.84067F 02 1.83489E 02 1.83196E 02 
320. 1.85731F 02 6.875091-02 1.85301F 02 1.86154E 02 1.85580E 02 1.85883E 02
 
340. 1.87766E 02 6.820981-0? 1.87343E 22 1.881886 02 1.87616t 02 1.87916F 02
 
360. 1.89746F 02 6.94692F-02 1.893221 32 1.90170E O I.89593E 02 1.89899E 02
 
380. 1.q1672P C2 7.40176E-02 1.912451 02 1.92099E 02 1.91509E 02 1.91835E 02
 
400. 1.93544E 02 8.303385-02 l.9310E 32 1.93979F 02 1.933611 02 1.9372T 02 
420. 1.9536E 02 9.70059E-02 1.949131F 02 1.95811E 02 1.951486 02 1.95575F 02
 
440. 1.47125E 02 1.158191-01 1.96655E 02 1.975951 02 1.96870E 02 1.971802 02 
460. 1.98834E 02 1.39093F-01 1.98335E 3? 1.993341 02 1.98528E 02 1.99140E 02 
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Table G-3
 
ELECTRICAL RESISTIVITY OF TITANIUM: POSTIRRADIATION-ANNEAL DATA TAKEN
 

AT LN2 TEMPERATURE AFTER EACH TEMPERATURE STEP OF ANNEAL 

Input Data Calculated Data Run Least Squares 

Temperature Resistivity Resistivity Residuals No. Fit Coefficients 

(OK) (pohm-cm) (1ohm-cm) (input-calc) 

7.7399q9D 01 1.5690002 02 1.569757F 02 -7.56O885F-02 I CI + C21 + C3 T
2 

q.7500001 01 1.568000W 02 1.5679288 02 7.202149E-03 2 
1.105000D 0 1.56900F 02 1.566803F 02 1.1-6442E-01 3C 1.577822E 02 
.1.450000D 02 1.565000E 02 1.564041F 0? 9.5q1675E-02 4 1 
1.740000D 02 1.561000E 02 1.561969b 0? -Q.6R6?79F-02 5 
1.960000n -2 
2.2150003 0? 
2.5650000 0' 

1.5600002 02 
1.55000E 02 
1.55700CF 02 

1.q60 548C 02 
1.559066F 02 
1.55731QF P? 

--.42483E-02 
-,.617973F-03 
-3.1 

0 
0611E-02 

6 
7 
a 

C= 
2 

-1.146905E-02 

2.710000" 0? 1 .55600OF 02 1.556693F 02 -6.q25Q64E-02 9 Q3 - 1.355035E-05 
2.Q60000W 0? 1.55600CF 02 1.555746F 0? 2.539062F-02 10 

3.2600000 02 1.950002 02 1.554834F 02 1.563208F-02 11 
3.6650000 q2 1.555000E 02 1.553-89W 02 1.013999-01 12 
4.1o30000 02 1.55400C2 0? 1.553556E 02 4.440305F-02 13 
4.610000D 0? 1.553000E 02 1.553747F 02 -7.473'552-02 14 

Statistical Terms 

e = sduals) 2 /d.f. 

se = 7.760137E-02
 

d.f. -11
 

t, = 2.20 

a 0.05 

95% Confidence Limits 95% Confidence Limits
 
Temperature p S; on individuals on the Mean 

(OK) (yohm-cm) Lower Upper Lower Upper 

80. 1.56q5]F 02 4.725388-U? 1.A,75?F 02 1.57151F 02 1.56847E 02 1.57055E 02 
100. 1.56771F C? 1.5340E-02 1.55593F 02 1.56961F 02 1.56686F 02 1.56856E 02
 
120. 1.56601E 02 3.20741ro7 1.5,41f 32 1.56786E 02 1.56531E 02 1.56671 02
 
140. 1.56442r 02 2.79464r-0? 1.55?61 32 1.566248 0? 1.563812 02 1.56504r 02
 
160. 1.q6294E 2? 2.6?126F-0' 1.50114r o? 1.564742 02 1.56236E 02 1.56352E 02
 
180. 1.56157P 02 2.625712-0? l.,S977E 32 1.56337F 02 1.56099E 02 1.56215E 02
 
200. 1.q600F 02 ?.7265'E-02 1.55P49F 32 1.56211E 02 1.55970F 02 1.56090E 02
 

220. 1.55915r 02 .q93 r,02 1.A57A'F 32 1.56097E 02 1.55S52E 02 1.55978E 02
 
24n. 1.55810F 02 2.q605F--02 !.556'7E 02 1.55903F 0? 1.55745F 02 1.558752 02
 
260. 1.55716F 02 3.02523E-02 1.55533 02 1.558992 02 1.55650E 02 1.557832 02
 
280. 1.556332 0? A.n4091-02 1.55450F 02 1.55F17F 02 1.55566F 02 1.55700E 02
 
300. 1.55561E 02 3.01530r-0? 1.5537gr 02 1.55744F 02 1.55495E 02 1.55627E 02
 
320. 1.550OE 02 2.97096F-02 1.55'17F 3' 1.95692E 0? 1.55434W 02 1.55565E 02 
340. 1.5564E 02 2.947587-0' 1.532672 3? 1.55632F 02 1.55384F 02 1.555142 02
 
360. 1.55409E 02 3.00200F-0' 1.552262 32 1.55593E 02 1.55343F 02 1.55476E 02
 
380. 1.55381E 02 3.1-856 -0 1.5519SE 32 1."5565F 02 1.953102 02 1.554512 02
 
400. 1.55363E 02 3.58818L-02 1.55175F 02 1.55551E 02 1.55284E 02 1.55442E 02
 
420. '.553=5W 02 4.19196F-02 1.55161P 32 1.55550W 02 1.55263E 02 1.554482 02
 
449. 3.55351F C2 5.00492E-02 1.5915'E 32 1.555b2E 02 1.55249E 02 1.55469F 02
 
460. 1.5'74 02 6.01071F-02 1.55158F 32 1.55590E 0? 1.55241E 02 1.55504E 02
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Table G-4
 

ELECTRICAL RESISTIVITY OF TITANIUM:
 
CHANGE FROM PREIRRADIATION TO POSTIRRADIATION
 

95% Confidence Limits 95% Confidence Limits 
Temp AP on Individuals on the Mean 
(OK) (gohm-cm) 

Lower Upper Lower Upper 

80 1.8250 1.0234 2.6265 1.3818 2.2681
 

100 1.5660 0.8178 2.3141 1.2288 1.9031
 

120 1.3360 0.6111 2.0608 1.0542 1.6177
 

140 1.1340 0.4139 1.8540 0.8647 1.4032
 

160 0.9600 0.2366 1.6833 0.6820 1.2379
 

180 0.8160 0.0887 1.5432 0.5280 1.1039
 

200 0.6990 0.0289 1.4269 0.4094 0.9885
 

220 0.6120 -0.1129 1.3369 0.3299 0.8940
 

240 0.5520 -0.1696 1.2736 Q.2786 0.8253
 

260 0.5200 -0.2047 1.2447 0.2385 0.8014
 

280 0.5170 -0.2306 1.2646 0.1810 0.8529
 

300 0.5430 -0.2487 1.3347 0.1178 0.9681
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Table G-5 

ELECTRICAL RESISTIVITY OF TITANIUM DURING IRRADIATION
 

Radiation Neutron Electrical Radiation Neutron Electrical 
Exposure 
(MW-h) 

Fluencea 
(n/cm2 ) 

Resistivity 
(g,-cm) 

Exposure 
(MW-h) 

Fluencea 
(n/cm2) 

Resistivity 
(I-cm 

2.6 3.74(14) 155.3 945.1 1.36(17) 156.1 
11.0 1.58(15) 155.2 995.4 1.43(17) 156.0 
15.7 2.26(15) 155.3 1049.7 1.51(17) 156.6 
16.5 2.38(15) 155.2 1102.3 1.59(17) 156.4 
26.1 3.76(15) 158.3 1166.2 1.68(17) 156.2 

31.1 4.48(15) 155.8 1204.7 1.73(17) 155.6 
34.9 5.03(15) 155.1 1214.3 1.75(17) 157.6 
40.9 5.89(15) 155.4 1255.9 1.81(17) 156.5 
59.0 8.50(15) 155.4 1307.1 1.88(17) 156.0 
63.0 9.07(15) 155.1 1358.3 1.96(17) 156.3 

71.8 1.03(16) 155.3 1409.5 2.03(17) 156.9 
81.0 1.17(16) 154.9 1460.7 2.10(17) 156.4 
82.1 1.18(16)b 155.5 1512.5 2.18(17) 156.6 
90.1- 1.30(16) 155.5 1563.1 2.25(17) 156.5 
128.3 1.85(16) 155.3 1613.1 2.32(17) 156.7 

164.8 2.37(16) 155.5 1662.7 2.39(17) 157.3 
197.6 2.85(16) 155.4 1711.9 2.47(17) 156.5 
234.8 3.38(16) 155.4 1756.7 2.53(17) 156.6 
235.0 3.38(16) 155.5 1807,.9 2.60(17) 159.1 
237.8 3.42(16) 155.4 1859.2 2.68(17) 156.6 

273.8 3.94(16) 155.5 1899.1 2.73(17) 156.7 
309.7 4.46(16) 155.4 1902.4 2 .74 (17 )b 156.6 
317.2 4.57(16) 155.5 1902.4 2 ,74 (17 )b 156.6 
373.3 5.38(16) 155.5 1902.4 2.74 (17 )b 156.8 
431.5 6.21(16) 155.7 1902.4 2.74 (17 )b 156.3 

491.5 7.08(16) 155.7 1902.4 2.74(17) 157.0 
593.6 8.55(16) 156.2 1902.4 2.74(17) 156.7 
610.2 8.79(16) 155.8 1902.4 2 .74 (17)b 156.5 
639.2 9 .2 0 (16 )b 155.8 1902.4 2 .74 (1 7 )b 155.4 
641.3 9.23(16) 155 8 1905.8 2.74(17) 156.7 

666.5 9.60(16) 155.9 1925.4 2.77(17) 156.7 
674.1 9.71(16 )b 155.7 1960.3 2.82(17) 156.8 
674.1 9.71(16)b 155.7 2000.3 2.88(17) 156.9 
674.1 9 .71(16 )b 155.8 2046.1 2.95(17) 155.3 
674.1 9.71(16 )b 155.8 2080.3 3.00(17) 156.9 

725.7 1.05(17) 155.5 2120.3 3.05(17) 156.8 
777.4 1.12(17) 155.9 2158.6 3.11(17) 156.8 
811.7 1.17(17) 156.1 2200.3 3.17(17) 157.3 
867.8 1.25(17) 156.2 2237.1 3.22(17) 157.2 
902.6 1.30(1 7 )b 155.9 2305.0 3.32(17) 157.0 

902.6 1.30 (17)b 155.9 2309.8 3.33(17) 157.0 
902.6 1 .30 (17)b 157.0 

a 
b Neutron fluence for E > 1 MeV
b Reactor at zero power 
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Table G-6 

ELECTRICAL RESISTIVITY OF-TITANIUM: DATA TAKEN'AT'ZERO REACTOR POWER AS A FUNCTION OF REDIATION'EXPOSURE 

Input Data . Calculated Data' Rux, Least'Squares 

Fluence Resistivity Resistivity Residals - - No. Fit Coefficients
2


(1017 n/cm ) - (pohm-cm) (gohm-cm) ip cal) 

1.fS5200o0 2 1.5S3S252 -j.24700F-Ol 0 P = CI + 0il. 0? 

I . 11h0L00-01 1. $!550£CO02 1.55436t2F O2 6.378174F-02 I 
9.?030100-O1 I.SSHOCCF 0? 1.558016, 02 -1l5869I4F-O 2 . a = 1.55382E 02 
9.7100O-01 1. 5,75COE 12 1.558248C 02 -7.479858E-02 3 1 
1.20939( 00 I.so000[ 02 1.559747F n2 3.253021E-01 4
2.7400COD 00 1.56500OF0? 1.566317F 02 -1.306610-o1 5 C2 = 4.55547E-18 
j.i33000 00 1.56&9000F 02 1.568841 02 5.4q$1&4-O4 6 

Statistical Terms
 

Se = 4S(Residuals)2 
/d.f. 

se = 1.821309E-01
 

d.f. -5
 

ta = 2.57 

T -a.-,0. 05 

F7 957 Confidence Limits 95% Confidence Limits
 

Fluence P- on Individuals on- the. Mean
(1017 n/cm2 ) (i ohm.-cm) Lower Upper Lower Upper 

0.0- 1.55bId2C 0? 1.04P43L-CI 1.5.-4?r 02 1.5- 123E 02 1.5113E 02 1.55652E 02 
q.0001-0I 1%s55" 02 U.84063r-0? 1.5'544F 02 1.5t, )SF 02 1.5,337E 02 1.55792 02 
a.00oV-oi 1.5',747: 02 7.8550E-0/ I-55240E 02 1.56254E 02 1.55552E 02 1.55942F 02
1.210C O0 1.h '295 02 E.93321'-02 1.53428E 02 i.S ,301 02 1.55751E 02 1.5107E 02 
I.6O0F 00 1. ,1 If 02 7.O5104=-t,2 I5b609& 02 1.5A 513, 02 1.559300 02 1.56293F 02 
2..O00 0(0 1.53'?4[ 02 7.905)h7-02 1.5/7838 02 1.5t )4F 02 1.5bO90E 02 1.56497C 02 
2.4 )OF 00 1.5-,47br 02 9.30 IC-02 1.5'n501 02 I.57'1011 02 1.56237E 02 1.56715F 02 
2.800E OC I.5',53-- 02 1.109,-C1 1.5z,111P 02 1.57,)5F 02 i.Y,375E 02 1.56941C 02
3.20OF 00 ,.5644C[ 02 i.25 32F-01 1.5'68,8 02 j.,7"415 O? 1.S6507C 02 1.57173E 02 

LO REP 
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Table G-7
 

ELECTRICAL RESISTIVITY OF INCONEL 718: PREIRRADIATION
 

Input Data Calculated Data Run Least Squares
 

Residuals No. Fit Coefficients
Temperature Resistivity Resistivity 

(OK) (pohm-cm) (pohm-cm) (input-oatc) 

1 - CI + 2 3 T 
3.813171E-02
1.080619F 021.0810006 02 

9.600000D 01 1.0870COE 02 1.087013E 02 -1.2817386-03 2 
1.180000D 02 1.09400E 02 1.094546E 02 -5.464172E-02 3 CI 1.05377E 02 
1.410000D 02 1.1020006 02 1.102389E 02 -3.886414E-02 4 

1.7100000 02 1.1130GOE 02 1.112565E 02 4.347229E-02 5 

2.040000D 02 1.124000E 02 1.123691E Oa 3.089905E-02 6 ' 3.49478E-02 

7.7399990 01 


C2 
-7.2174076-03 7 

2.5600000 02 1.141000E 02 1.1410772 02 -7.7514656-03 8 
2.825000D 02 1.1500002 02 1.149869E 02 1.306152E-02 9 C3 - -3.28787E-06 

2.2900000 02 1.132000E 02 1.132072E 02 

2.9850000 02 1.155000E 02 1.1551552 02 -1.55A345E-02 10 

Statistical Terms
 

s 4SZ(R.siduals)21d.f. 

s - 3.648965E-02e 


d.f. -7 

- 2.36ta 

a - 0.05 

95%Confidsnce Limits 95% Confidence Limits 
Temperature Sw on Individualson the Mean 

(OK) (hm-cm) Lower Upper Lower Upper
I. 

1.08212E 0280. 1.08151E 02 2.589ZOE-02 1.08046F 02 1.08257E 02 1.08090E 02 


90. 1.08495E 02 2.179286-02 1.08395E 02 1.08596E 02 1.08444E 02 1.08547E 02
 

100. 1.088386 02 1.86898E-02 1.08742E 02 1.08935E 02 1.08794E 02 1.08883E 02 

110. 1.091816 02 1.66736E-02 1.09086E 02 1.09276E 02 1.09142E 0Z 1.09220E 02 

120. 1.09523E 02 1.57217E-02 1.09429F 02 1.09617E 02 1.09486E 02 1.09560E 02
 

130. 1.09864E 02 1.56393E-02 1.09771E 02 1.09958E 02 1.09827E 02 1.09901E 02 

140. 1.10205E 02 1.61160E-02 1.10111E 02 1.10299E 02 1.10167E 02 1.10243F 02
 

150. 1.10545E 02 1.68439F-02 1.10450E 02 1.10640F 02 1.105056 02 1.10585E 02 

160. 1.10884E 02 1.75884E-02 1.107886 02 1.10980E 02 1.10843E 02 1.10926E 02 

170. 1.11223E 02 1.81956E-02 1.111266 02 1.113192 02 1.11180E 02 1.11266E 02 

180. 1.11561F 02 1.857506-02 1.11464E 02 1.11657E 02 1.115176 02 1.11604E 02 

190. 1.11898C 02 1.868166-02 1.118016 02 1.11995C 02 1.11854E 02 1.11942E 02 

200. 1.12235E 02 1.85047E-02 1.12138E 02 1.12331E 02 1.12191E 02 1.12278E 02
 

210. 1.12571E 02 1.80675F-02 1.12475E 02 1.126671 02 1.12528E 02 1.12613E 02
 
1.12947E 02
220. 1.12906E 02 1.742926-02 1.128116 02 1.13001e 02 1.128656 02 


02 1.13201E 02 1.13280E 02
230. 1.13241E 02 1.67011E-02 1.13146E 02 1.133352 
240. 1.13575E 02 1.60613E-02 1.13481E 02 1.136692 02 1.13537E 02 1.13613E 02
 

250. 1.13908E 02 1.57693E-02 1.13814C 02 1.140026 02 1.13871E 02 1.13945E 02
 

260. 1.14241F 02 1.61395E-02 1.141472 02 1.14335E 02 1.14203E 02 1.14279E 02
 

270. 1.14573E 02 1.74500E-02 1.14477E 02 1.14668E 02 1.14532E 02 1.14614E 02 

280. 1.14904E 02 1.98371E-02 1.14806E 02 1.15002F 02 1.14857E 02 1.14951E 02
 
1.152902 02
290. 1.15235E 02 2.32786E-02 1.15133E 02 1.153376 02 1.15180E 02 


300. 1.155656 02 2.76729E-02 1.15457E 02 1.15673F 02 1.15500E 02 1.15630E 02
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Table G-U
 

ELECTRICAL RESISTIVITY OF INCONEL 718: POSTIRRADIATION
 

Input Data Calculated Data Rn Least Squares
eeatures y NO. Fit Coefficients 

Temperature Resistivity. Resistivity Residuals 
(OK) (ohm-M) ohm-c) (input-oal) 

P - + C2T + 3T2 
.0860002 G2 1.085866E 02. 1.336670E-02 I C17073199D 01 

9.7000000 01 1.09300(2 0 1.092674E 02 3.260803F-02 2 
1.1050000 02 1.097000E 02 1.097321F 02 -3.2276)3-02 3 - 1.05831E 02 
1.4600000 02 1.1090002 02 1.109392E 0? -3.924561-02 4 C1 
1.7500000 02 1.114090E 02 1.119085E 02 -8.468628F-03 5 
1.989000D 0? 1.127000E 02 1.1'6q25F 02 1.7150i82-02 6 C2 3.62918E-02 
2.235000D 0? 1.135000F 02 1.13495eE 02 
 4.1809082-03 7 = 
2.6100000 92 1.147000E 02 1.1469432 02 5.676270E-03 8 
2.7630000 0? 1.15'0002 02 1.151667F 02- 3.3325232-0 9 3 
2.995000D 02 1.1500CE 02 1.158q86F 02 1.3732912-03 10 3 8.94065E-06 
3.3000004 02 1.169000E 02 1.168330E 02 -3.387451E-02 11 
3;723000D 02 1.1810002 02 1.1809452 02 
 5.477905F-03 12
 
4.2350000 0? 1.1960002 02 
 1.195973E 02 2.731323F-03 13
 
4.66000b0 02 1.208000E 02 1.208017F 02 -1.678467E-03 14
 

Statistical Terms
 

S = E(Residuals) 2
/d.f.e 

se - 2.438413E-02
 

d.f. - 11 

= 2.20 

-0.05
 

Tmeaue95% Confidence,Limits 9.5% Confidence LinitsTemperature P S on Individuals 5 on the Mean
 
(oKC) (011-cm) Lower Upper Lower 
 Upper 

80. 1.08677F 02 1.48032r-0? 1.08615E 32 1.08740F 02 1.08645E 02 1.08710E 02

100. 1.09371E 02 1.71110E-02 1109311F 32 1.09431E 02 1.09344E 02 1.09398E 02
 
120. 1.1057F C2 1.00955F-02 1.09009U 02 1.10116F 02 1.100352 02 1.100802 
02
140. 1.10737F 02 8.82319E-03 1.10680E 0? 1.10794E 0? 1.10717F 02 1.10756E 02

160. 1.11409E O? 9.268462-03 1.11352r 02 1.11466F 02 1.11391E 02 
 1.11427E 02
 
180. 1.12074E 02 8.26373F-03 1.120172 22 1.1?1312 02 
 1.12056 -02 1.120922 02

200. 1.12731? 02 8.56300-03 1.12675E 02 1.12789F 02 1.12713E 02 1.127512 02

220. ).13682E 02 8.5357F-02 1.13326E 02 1.13440E 02 1.i13363 02 1.13402E 02 
240. 1.14026P C2 9.290732-03 1.13969F 02 1.14084F 02 1.14006E 02 1.14047E 02

260. 1.146632 02 q.50075E-03 1.14605r 02 1.14720E 0? 1.146422 02 1.14684E 02

280. 1.1920 E 02 q.S5971F-03 1.15234F 32 1.15350E 02 1.15271E 02 
 1.19313E 02
300. 1.15914F 02 9.48607F-03 1.158572 02 1.15972F 02 1.158932 02 1.15935E 02
 
320. 1.165202 C2 -.34150E-03 1.164722 02 1.16587E 02 1.16509E 02 
 1.16550E 0Z
340. 1.17137E 02 9.238402-03 1.17080E 0? 1.17194F OZ 1.17117F 02 1.17157E 02
-
360. 1.1773 F 02 9.34197F-03 1.17680k 02 1.17795E 02 1.177172 02 1.177582 02

380. 1.18331E 02 9.R48252-03 1.18273F 02 1.18389E 02 1.18309E 02 1.183532 02
 
400. 1.18-17F 02 1.002515-02 1.18859E 02 1.18976E 02 1.18893E 02 1.18941E 02
 
420. 1.19497E 02 1.26554E-0? 1.194352 22 1.19557E 02 1.19469E 02 1.195242 02
 
440. 1.20069E 02 1.503602-02 1.20005E 02 1.201322 02 1.200362 02 1.20102E 02
 
460. 1.206a34 02 .a0202r-02 
 1.20567E 02 1.20700E 0? 1.20594 02 1.206732 02
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Table G-9
 

ELECTRICAL RESISTIVITY OF INCONEL 718:
 
CHANGE FROM PREIRRADIATION TO POSTIRRADIATION
 

95% Confidence Limits 95% Confidence Limits
 
Temp AP on Individuals on the Mean
 
(OK) (gohm-cm)
 

Lower Upper Lower Upper
 

80 0.52600 0.42031 0.63168 0.46776 0.58423
 

100 0.53300 0.43421 0.63178 0.48850 0.57749
 

120 0.53400 0.43825 0.62974 0.49673 0.57126
 

140 0.53200 0.43688 0.62711 0.49639 0.56760
 

160 0.52500 0.42945 0.62054 0.48824 0.56175
 

180 0.51300 0.41691 0.60908 0.47486 0.55113
 

200 0.49700 0.40077 0.59322 0.45853 0.53546
 

220 0.47700 0.38113 0.57286 0.43942 0.51457
 

240 0.45100 0.35562 0.54637 0.41469 0.48730
 

260 0.42200 0.32649 0.51750 0.38536 0.45863
 

280 0.38800 0.29040 0.48559 0.34620 0.42979
 

300 0.34900 0.24602 0.45197 0.29584 0.40215
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Table G-10 

ELECTRICAL RESISTIVITY OF INCONEL 718 DURING IRRADIATION
 

Radiation Neutron Electrical Radiation Neutron Electrical 
Exposure 

(NW-h) 
Fluencea 

(n/cm2 ) 
Resistivity 

&(fl-cm). 
Exposure 

(MW-h) 
Fluercea 

(n/cm2 ) 
Resistivity 

(Uflcm) 

2.6 
11.0 
15.7 
16.5 
26.1 

3.74(14) 
1.58(15) 
2.26(15) 
2.38(15) 
3.76(15) 

108.1 
108.1 
108.1 
108.1 
108.1 

945.1 
995.4 

1049.7 
1102.3 
1166.2 

1.36(17) 
1.43(17) 
1.51(17) 
1.59(17) 
1.68(17) 

108.3 
108.4 
108.3 
108.4 
108.4 

31.1 
34.9 
40.9 
59.0 
63.0 

4.48(15) 
5.03(15) 
5.89(15) 
8.50(15) 
9.07(15) 

108.1 
108.1 
108.1 
108.2 
108.1 

1204.7 
1214.3 
1255.9 
1307.1 
1358.3 

1.73(17) 
1.75(17) 
1.81(17) 
1.88(17) 
1.96(17) 

108.4 
108.4 
108.4 
108.4 
108.5 

71.8 
81.0 
82.1 
90.1 
128.3 

1.03(16) 
1.17(16) 
i..18( 16)b 
1.30(16) 
1.85(16) 

108.1 
108.1 
108.1 
108.1 
108.1 

1409.5 
1460.7 
1512.5 
1563.1 
1613.1 

2.03(17) 
2.10(17) 
2.18(17) 
2.25(17) 
2.32(17) 

108.5 
108.5 
108.5 
108.5 
108.5 

164.8 
197.6 
234.8 
235.0 
237.8 

2.37(16) 
2.85(16) 
3.38(16) 
3.38(16) 
3.42(16) 

108.1 
108.2 
108.2 
108.2 
108.1 

1662.7 
1711.9 
1756.7 
1807.9 
1859.2 

2.39(17) 
2.47(17) 
2.53(17) 
2.60(17) 
2.68(17) 

108.5 
108.5 
108.5 
108.5 
108.6 

273.8 
309,.7 
317.2 
373.3 
431.5 

3.94(16) 
4.46(16) 
4.57(16) 
5.38(16) 
6-.21(16) 

108.2 
108.2 
108.2 
108.2 
108.2 

1899.1 
1902.4 
1902.4 
1902.4 
1902.4 

2.73(17) 
2.74(17)b 
2.74(17)b 
2.74(17)b 
2.74(17)b 

108.6 
108.6 
108.5 
108.5 
108.5 

491.5 
593.6 
610.2 
639.2 
641.3 

7.08(16) 
8.55(16) 
8.79(16) 
9.20(16 )b 
9,23(16) 

108.2 
108".3 
108.3 
108.2 
108.3 

1902.4 
1902.4 
1902.4 
1902.4 
1905.8 

2.74(17) 
2.74(17)b 
2.74(17)b 
2.74(17)b 
2.74(17) 

108.6 
108.5 
108.6 
108.5 
108.5 

666.5 
674.1 
674.1 
674.1 
674.1 

9.60(16) 
9.71(16)b 
9.71(16)b 
9.71(16)b 
9.71(16)b 

108.3 
108.2 
108.2 
108.2 
108.2 

1925.4 
1960.3 
2000.3 
2046.1 
2080.3 

2.77(17) 
2.82(17) 
2.88(17) 
2.95(17) 
3.00(17) 

108.6 
108.6 
108.6 
108.6 
108.6 

725.7 
777.4 
811.7 
867.8 
902.6 

1.05(17) 
1.12(17) 
1.17(17) 
1.25(17) 
1.30(17)b 

108.3 
108.3 
108.3 
108.3 
108.3 

2120.3 
2158.6 
2200.3 
2237.1 
2305.0 

3.05(17) 
3.11(17) 
3.17(17) 
3.22(17) 
3.32(17) 

108.6 
108.6 
108.6 
108.6 
108.6 

902.6 
902,6 

1.30(17)b 
1.3 0(17)b 

108.3 
108.3 

2309.8 3.33(17) 108.6 

a Neutron fluence for EI MeV 
b Reactor at zero power 
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Table G-11 

ELECTRICAL RESISTIVITY OF INCONEL 718: DATA TAKEN AT ZERO REACTOR POWER AS A FUNCTION OF RADIATION EXPOSURE 

Input Data Calculated Data Run Least Squares 

Fluence Resistivity Resistivity Residuals No. Fit Coefficients
 

(1017 n/cm2 ) ( cm) (1ohm-cm) (input-cale) 

1.0810002 02 1.080770E 02 2.304077E-02 0 P - Cl + CZ0
0.0 
1.180000D-01 1.081000E 02 1,080958E 02 4.165649E-03 I 
9.200000D-0j 1.0820C0E 02 1.082242E 02 -2.4200442-02 2 
9.7130000-01 I.0820C0F 02 1.082324E 0Z -3.236389E-02 3 C1 1.08077E 02 
1.2999090 00 1.0830C00 02 1.082550E 02 1.496887E-02 4 
2.740000D 00 1.0854C0O 02 1.085155E 02 2.447510E-02 5 
3.3300000 00 1.086000E 02 1.086100E 02 -9.963989E-03 6 - 1.60062E-18 

Statistical Terms
 

2 /d.f. _4(R.eslduals)e 

B - 2.491461E-02e 


d.f. * 5 

t- 2.57

a - 0.05 

95% Confidence Limits 95% Confidence Limits 
Fluence P ST on Individuals on the Mean 

(117n/m 2 Upper Lower Upper(lnci)Lower 

1.08077F 02 1.434200-02 1.08003E 02 1.08151E 02 1.08040E-02 1.08114E 02
 

.000-01 1.08141F 02 1.20936E-02 1.08070E 02 1.08212E 02 1.0810E 02 L.081722 02
 
0.0 


8.000E-01 1.08205% 02 1.03766E-02 1.08136E 02 1.082742 02 1.081782 02 1.08232F 02 

1.200E 00 1.08269E 02 9.48429E-03 1.08200E 02 1.08338E 02 1.08245E 02 1.08293F 02 

1.6002 00 1.0d333E 02 9.64821E-03 1.08264E 02 1.08402E 02 1.08308E 02 1.083582 02 

2.000E 00 1.08397E 02 1.08205E-02 1.08327E 02 1.08467E 02 1.08369E 02 1.08425E 02 
2.400E 00 1.05461C 02 1.27254E-02 1.08389E 02 1.08533r O 1.08428e 02 1.08494E 02 

2.8002 00 1.08525C 02 1.50879E-02 1.08450E 02 1.08600E 02 1.08486E 02 1.08564E 02 
5.200E 00 1.03539P 02 1.77261E-02 1.08511E 02 1.086682 02 1.08544E 02 1.086352 02 
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Table G-12 

ELECTRICAL RESISTIVITY OF HASTELtOY X: " PREIRRADIATION 

Input Data Calculated Data Run Least Squares 

Temperature Resistivity Resistivity Residuals No. Fit Coefficients 
(OK) (pohm-cm) A ) 1 (input-cale) 

7.7399990 01 1.08800E 02 1.088192E 02 -1.922607E-02 1 
p=C 1 

=I 
+C2T 

2 
+CT 

3 
2 

9.6000000 01 1.094000E 02 1.094005E 02 -4.577637E-04 2 
1.1850000 02. 1.101000E 02 1.100871E 02 1.286316E-02 3C = 1.06268E 02 
1.4150000,02 1.108000E 02 1.107705E 02 2.951050E-02 4 . 
1.7050000 02 1.116000E 02 1.116053E 02 -5.279541E-03 5 
2.0350000 02 
2.285000D 02 

1.125000E 02 
1.132000E 02 

1.125188E 02 
1.131852E 02 

-1.884460E-02 
1.481628E-02 

6 
7 

C2 = 3.43314E-02 

2.5550000 02 1.139000E 02 1.138799E 02 2.012634E-02 8 
2.8150000 02 1.144000E 02 1.145243E 02 -1.243439E-01 9 - 77732E-05 
2.975000D 02 1.1500002 02 1.149090E 02 9.100342E-02 10 C3 

Statistical Terns
 

Se - - F4(Residuals)2/d.f. 

se = 6.112842E-02 

d.f. =7 

t= 2.36 

a = 0.05 

95% Confidence Limits 95% Confidence Limits 

(0K (tom- ST on Individuals on the Mean 
Temperature 

K Pb- Lower Upper~ Lower Upper 

80. 1.08901E 02 4.35007E-02 1.08724E 02 1.09078E 02 1.08799E 02 1.09004E 02 
90. 1.09214E 02 3.65916E-02 1.09046E 02 1.09382E 02 1.09128E 02 1.09301E 02
 

100. 1.09524E 02 3.13605E-02 1.09362E 02 1.09686 02 1.09450E 02 1.09598E 02 
'110. 1.09830E 02 2.79604E-02 1.09671E 02 1.09988E 02 1.09764E 02 1.09896E 02 
120. 1.10132E 02 2.63528E-02. 1.09975E 02 1.10289E 02 1.1007OE 02 1.101942 02 
130. 1.10431E 02 2.62089E-02 1.10274E 02 1.105882 02 1.10369E 02 1.10493E 02 
140. 1.107262 02 2.70040E-02 1.10569E 02 1.10884E 02 1.10663E 02 1.107902 02 
150. 1.11018E 02 2.82183E-02 1.108592 02 1.11177E 02 1.10952E 02 1.110852 02 
160. 1.11306E 02 2.94567E-02 1.1146E 02 1.11467E 02 1.11237E 02 1.11376E 02 
170. 1.115912 02 3.04610E-02 1.11430E 02 1.11752E 02 1.11519E 02 1.11663E 02 
180. 1.11872E 02 3.10789E-02 1.11710E 02 1.12034E 02 1.1179E 02 1.11946E 02 
190. 1.12150E 02 3.12356E-02 1.11988E 02 1.12312E 02 1.12076E 02 1.12224E 02
 
200. 1.12424E 02 3.09161E-02 1.12262E 02 1.125852 02 1.12351E 02 1.12497E 02
 
210. 1.12694E 02 3.01625E-02 1.12533E 02 1.12855E 02 1.12623E 02 1.12765E 02
 
220. 1.12961E 02 2.90777E-02 1.12801E 02 1.13121E 02 1.12892E 02 1.13030E 02 
230. 1.13224E 02 2.78578E-02 1.13066E 02 1.13383E 02 1.13159E 02 1.13290E 02 
Z40. 1.13484E 0Z 2.68148E-02 1.133271 02 1.136422 02 1.13421E OZ 1.13548E 02 
250. 1.137402 02 2.63958E-02 1.13583E 02 1.138982 02 1.136782 02 1.13803E 02
 
260. 1.13993E 02 2.71348E-02 1.13835E 02 1.14151E 02 1.13929E 02 1.140571 02
 
270. 1.14242E 02 2.949172-02 1.14082E 02 1.14402E 02 1.14173E 02 1.14312E 02
 
280. 1.14488E 02 3.36688E-02 1.14323E 02 1.14652E 02 1.14408E 02 1.14567E 02
 
290. 1.14730E 02 3.96137E-02 1.14558E 02 1.149022 02 1.14636E 02 1.14823E 02
 
300. 1.14968E 02 4.71463E-02 1.14786E 02 1°.15150E 02 1.14857E 02 1.15080E 02
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Table G-13
 

ELECTRICAL RESISTIVITY OF HASTELLOY X: POSTIRPADIATION
 

Input Data Calculated Data Run Least Squares 

Temperature
(OK) 

Resistivity 
(pohm-=m) 

Resistivity 
(Aohm-cm) 

Residuals 
(input-cale) 

No. Fit Coefficients 

p =c C 2 + 3T2 

7.7399991) O 1.089000E 02 1.088600E 02 4.000AE-02 ] + C2 1 + 3 
Q.7000000 01 
1.105000n 0' 

.094000E 02 
1.08000E 02 

1.094317E 02 
1.008210E 02 

-3.171302E-02 
-2.157593E-02 

2 
B C 1.065359E 02 

1.4550001 02 1.108000F 02 1.10AJ73E 02 -1.72821&-0? 4 
1.750000D 0' 1.116000k 02 1.116397F 0? -3.9749t55-02 5 
1.93S00D 02 
2.2300000 02 

1.1300CE 02 
1.13000CF 02 

1.1228395 02 
1.129451E 02 

1.603276E-02 
5.490112F-02 

6 
7 

C2 3.071012E-02 

2.615000, 02 
2.7600009 02 
2.995000D 0? 
3.3050000 02 

1.1O000E 0? 
1.1440002 02 
1.149000E 02 
1.157000E 02 

1.139627F 02 
1.143392F 07 
1.149414E 02 

1.157,10 
r 
02 

3.72O248-01 
6.082153E-02 
-4.142761-02 

-2.096558E-02 

8 
9C10 

11 

3 -8.831548E-06 

3.7200000 o 1.167000E 0? 1.167380F 02 -3.7-6387F-02 12 
4.235000n 02 1.17'OOCF 02 1.1795770 02 -5.7708742-02 13 
4.46500D 0? 1.19000ce 0? 1.189403F 0? 5.971S6F-02 14 

Statistical Terms 

s e - I(Residuals) 
2 /d.f. 

se - 4.652487E-02 

d.f. - 11 

t = 2.20a 


a = 0.05 

95%. Confidence Limits 95%. Confidence Limits
Temperature pST on Individuals on the- Mean 

(0 K) (Aohm-cm) Lower Upper Lower Upper 

80. ]-.059A r 02 2.82191E-02 |.088 4E 32 1.39056E 02 1.08874E 02 1.08998F 02 
100. 1.003%E C? 2.30s990-') 1.09404E 32 1.0-633F 02 1.09468E 02 1.09569E 02
 
120. 1.1004P 02 1.9?506r-02 1.0983F 0? 1.10205& 02 1.10052F 02 1.10136E 02
 
140. 1.10A6'2 02 1.6A2P12-0' 1.10583E 0? 1.10771F 02 1.10625E 02 1.10699E 02
 
160. 1.1!22;E 02 1.577.31F-01 1.11152 0? 1.11312F 0? 1.11189E 02 1.11258E 02 
180. 1.11778F 02 11.57663E-02 1.11b70F 02 l.118A6E 02 1.11743E 02 1.11812F 02
 
200. 1.1'?292 02 1.63406F-02 1.1215F 02 1.12431E 02 1.12289 02 1.12361E 02
 
220. 1.12865' C? 1.70954F-C? 1.12756E 0? 1.12974F 0? 1.12827E 02 1.12902E 02
 
240. 2.1330S 02 1.77304F-n2 1.1?89F 02 1.11507E 02 1.13359E 02 1.134372 02
 
260. .13?4t 02 1.-1332--0? 1.1 014F 02 1.14033E 02 1.13884E 02 1.139632 02
 
280. I.!,"'T 02 1.92478F-02 1.14332F 0? 1.14552F 02 1.14402E 02 1.14483E 02
 

F

300. 1.14054 02 1.810392-02 1.14.442 02 1.15064F 02 . 1.14914E 02 1.14994E 02 
320. 3.154508 c2 1.78233E-0? 1.1549F 2 1.155682 02 1.154202 02 1.15498 02
 
340. 1.15956E G? ].76339F-02 1.15847F 02 1.16066E 02 1.15918E 02 1.15995E 02
 
360. 1.16447F C2 1.78242F-02 1.16337F 32 1.16557E 02 1.164082 02 1.16486E 02 
380. ].16OF 02 1.37771-02 1.168202 32 1.17041F 02 1.168802 02 1.16972E 02
 
400. 1.17407F 02 2.081402-0' 1.172952 32 1.17519F 02 1.17361E 02 1.174532 02
 
420. 1.17876F C2 .2.40940F-0? 1.177612 32 1.1799?F 02 1.178232 02 1.179292 02
 
440. 1.1P33%U 02 '.8h157F-07 1.182180 02 2.184502 02 1.18276E 02 1.18402E 02
 
460. 1.18704F 02 3.428811-0? 1.]86r71 02 1.1R921E 02 1.18718F 02 1.18869E 02
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Table G-14
 

ELECTRICAL RESISTIVITY OF HASTELLOY X:
 
CHANGE FROM PREIRRADIATION TO POSTIRRADIATION
 

95% Confidence Limits 95% Confidence Limits
 
Temp AP on Individuals on the Mean
 
(OK) (gohm-cm)
 

Lower Upper Lower Upper
 

80 0.03500 -0.15266 0.22266 -0.06850 0.13850
 

100 -0.00500 -0.18034 0.17034 -0.08401 0.07401
 

120- -0.03800 -0.20793 0.13193 -0.10414 0.02814
 

140 -0.06400 -0.23281 0.10481 -0.12719 -0.00080
 

160 -0.08300 -0.25258 0.08658 -0.14821 -0.01778
 

180 -0.09400 -0.26452 0.07652 -0.16163 -0.02636
 

200 -0.09900 -0.26973 0.07173 -0.16715 -0.03084
 

220 -0.09600- -0.26608 0.07408 -0.16251 -0.02948
 

240 -0.08600 -0.25523 0.08323 -0.15032 -0.02167
 

260 -0.06900 -0.23864 0.10064 -0.13438 -0.00361
 

280 -0.04600 -0.21951 0.12751 -0.12084 0.02884
 

300 -0.01400 -0.19743 0.16943 -0.10962 0.08162
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Table G-15 

ELECTRICAL RESISTIVITY OF HASTELLOY X DURING IRRADIATION
 

Radiation Neutron Electrical Radiation Neutron Electrical 
Exposure 
(MW-h) 

Fluencea 
(n/cm2 ) 

Resistivity 
(Mf-cm) 

Exposure 
(N-h) 

Fluencea 
(n/cm2) 

Resistivity 
(af-cm) 

2.6 
11.0 

3.74(14) 
1.58(15) 

109.4 
108.9 

945.1 
995.4 

1.36(17) 
1.43(17) 

109.0 
109.0 

15.7 2.26(15) 108.9 1049.7 1.51(17) 109.0 
16.5 2.38(15) 108.9 1102.3 1.59(17) 109.0 
26.1 3.76(15) 108.9 1166.2 1.68(17) 109.0 

31.1 4.48(15) 108.9 1204.7 1.73(17) 109.0 
34.9 5.03(15) 108.9 1214.3 1.75(17) 109.0 
40.9 5.89(15) 108.9 1255.9 1.81(17) 109.1 
59.0 8.50(15) 108.9 1307.1 1.88(17) 109.0 
63.0 9.07(15) 108.9 1358.3 1.96(17) 109.0 

71.8 1.03(16) 109.0 1409.5 2.03(17) 109.0 
81.0 1.17(16) 108.9 1460.7 2.10(17) 109.0 
82.1 1.18(16 )b 108.9 1512.5 2.18(17) 109.0 
90.1 1.30(16) 108.9 1563.1 2.25(17) 109.0 
128.3 1.85(16) 108'.9 1613.1 2.32(17) 108.9 

164.8 2.37(16) 108.8 1662.7 2.39(17)- 108.9 
197.6 2.85(16) 108.9 1711.9 2.47(17) 109.0 
234.8 
235.0 

3.38(16) 
3.38(16) 

109.0 
109.0 

1756.7 
1807.9 

2.53(17) 
2.60(17) 

109.0 
109.0 

237.8 3.42(16) 108.9 1859.2 2 68(17) 109.1 

273.8 
309.7 
317.2 

3.94(16) 
4.46(16) 
4.57(16) 

108.9 
108.9 
109.0 

1899.1 
1902.4 
1902.4 

2.73(17) 
2.74 (17)b 
2 .74 (17)b 

109.0 
108.9 
108.3 

373.3 5.38(16) 109.0 1902.4 2 .74 (17)b 108.8 
431.5 6.21(16) 109.0 1902.4 " 2.74(17)b 108.8 

491.5 7.08(16) 109.0 1902.4 2.74 (17)b 108.8 
593.6 
610.2 

8.55(16) 
8.79(16) 

109.0 
109.1 

1902.4 
1902.4 

2 .74 (17)b 
2 .74 (1 7)b 

108.9 
108.9 

639.2 9 .2 0(16 )b 108.9 1902.4 2 .74 (17 )b 108.7 
641.3 9.23(16) 108.9 1905.8 2.74(17) 108.9 

666.5 9.60(16) 108.9 1925.4 2.77(17) 108.9 
674.1 
674.1 

9.71(16)b 
9.7 1(16)b 

108.9 
108.9 

1960.3 
2000.3 

2.82(17) 
2.88(17) 

108.9 
108.9 

674.1 9 .71(16 )b 108.Y 2046.1 2.95(17) 108M9 
674.1 9.71 (16 )b 108.9 2080.3 3.00(17) 108.9 

725.7 1.05(17) 109.0 2120.3 3.05(17) 108.9 
777.4 
811.7 

1.12(17) 
1.17(17) 

109.0 
108.3 

2158.6 
2200.3 

3.11(17) 
3.17(17) 

108.9 
108.8 

867.8 1.25(17) 109.1 2237.1 3.22(17) 108.9 
902.6 1.30 (1 7)b 108.9 2305.0 3.32(17) 108.9 

902.6 1.30(1 7)b 108.9 2309.8 3.33(17) 108.9 
902.6 1.3 0(17 )b 108.9 

a Neutron fluence for E > 1 MeV 

b Reactor at zero power 
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Table G-16 

ELECTRICAL RESISTIVITY OF PO-3 GRAPHITE: PREIRRADIATION 

Input Data Calculated Data Run Least Squares 
RempraLeastsitiSquaresual
 

Temperature Resistivity Resistivit No. Fit Coefficients 
(K)om-cm) (ohm-cm) (input-cae) 

7.739999U 01 2.3600t00 03 ?i127902E 03 2.320977E 02 1 1 +2 
7.739999) 01 2.351000E 03 2.127902E 03 2.300977E 02 1 
7.7399G90 O 1.7940000 03 2.1279021 03 -3.339023F 02 2 
7.7399990 01 1.785000E 03 2.1279020 03 -3.429023E 02 2 C1 I l.08605E 03 
7.7399990 01 2.2700001 03 2.127902E 03 1.420977E 02 3 
7.739qq1) 0] 2-270000E 03 2-127902E 03 1.4209771 02 3 02 = 2.22777E 01 
7.7399990 01 2.094000E 03 2.127902E 03 -3.3002341 01 4 
7.7399990 O1 2.098000E 03 2.127902E 03 -2.990234E 01 4 
9.6500C00 01 2.149000E 03 2.1750381 03 -2.60W7601 01 5 -l.13915E-01 
q.6500000 01 2.228000F 03 2.175038F 03 5.2962401 5l - 3 0 

9.5000000 01 2.110000 03 2.174344E 03 -6.434351E 01 6 
9.5000000 01 2.109000E 03 2.174344F 03 -6.'53435L1 01 6 
0.6500000 01 2.2240002 03 2.175038E 03 4.896240E 01 7 
9.6500000 01 2.2?7000E 03 2.1750381 03 5.196240E 01 7 
1.190000D 02 2.12940C 03 2.128659E 03 7.404785E-01 8 
1.180000D 02 2.1240n01 03 2.]28659F 03 -4.65)424E 00 8 Statistical Terms 

- 4F(Residuals) 2 /d.f.e 

S 1.743838E 02
e 


d.f. - 13 

to = 2.16 

a - 0.05 

957. Confidence Limits 95% Confidence LimitsTemperatore P; on Individuals on the Mean 
(OK) (Fohm-cm) Lower Upper Lower Upperj 

80. 2.13921E M3 ,.2d3621 01 1.74563E 0 .53278E 03 2.025081 03 2.25333E 03
 
90. 2.16933C-03 n.382061E01 1.76727- 03 i.56943E 03 2.03047F 03 2.30618E (3

100. 2.17466r 03 7.21339[ 01 1.767001 03 2.58233F 03 2.01875E 03 2.33058E 03 
110. 2.15o22[ 01 7.b1430b 01 1.74S461 03 2.57.)98- 03 I.8943E 03 2.32701E 03 
129. 2.11899E 03 1.41Ob4F 02 1.63330E 03 2.0468F 03 1.R1237[ 03 2.42561E 03 
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Table G-17
 

ELECTRICALCRESISTIVITY OF PO-3 GRAPHITE: POSTIRRADIATION
 

Input Data Calculated Data Run Least Squares 

Temperature
(OK) 

Resistivity
(johm-cm) 

Resistivity(ohm-cr) Residuals(input-cab) No. Fit Coefficients 

7.739999P 01 3.4000002 03 3.552599E 03 -1.43 994F 02 - 1 P - C1+ C2T 
+ C3T2 

1.0900000 02 3.427000E 03 3.427162E 03 -3.620605E-01 2 
1.4590000 02 3.3960002 03 3.274750F 03 1.212503E 02 " 3 
1.7350000 02 3.283000F 03 3.1464272 03 1.365735F 02 4 = 3.82490E 03 
1.9550000 07 3.12700CE 03 3.042834F 03 8.416626F 01 5 
2.20OOOD0 
2.5650000 02 

2.02)0002 03 
2.663000E 03 

2.917814E 03 
2.734926E 03 

4.1855947 00 
-7.19'603E 01 

6 
7 

C2 = -3.20212E 00 

2.7050000 0? 2.5950002 03 2.659971E 03 -7.497119E 01 a 
2.9450000 02 2.45 OOOE 03 2.527754E 03 -7.475415E 01 9 - -4.08307E-03 
3.255000n 02 2.3210002 03 2.3500125 03 -2.901172E 01 . 10 3 
3.6600000 02 2.0970302 03 1.105977F 03 -8.076562E 00 111 
4.170000) 0) 1.7900002 03 1.779619F 03 I.O3O862F 01 12 
4.6000000 02 1.5350002 03 1.487952F 03 4.704834E 01 13 

Statistical Terms
 

se - -(Residmls) 2 /d.f.
 

se = 8.983414E 01 

d.f. - 10
 

- 2.23
t= 


- 0.05 

95%. Confide~ice LimitsSF95%. Confidence Limits
Temperature on Individuals on the Mean
 
(oK) Lower Upper Lower Upper
 

80. 3.542602 C1 6.30923F 01 3.297522 33 3.78740E 03 3.401912 03 3.68330E 03
 
100. 1.463862 03 5.15834F 01 3.2328qE 03 3.694872 03 3.34883E 03 3.57889F 03
 
120.1 3.381852 03 4.75345E 01 3.16020E 3 3.603502 03 3.28700E 03 3.47671E 03
 
140. 3.20659E 03 3.62209F 01 3.080582 33 3.51258E 03 3.21581E 03 3.37735F 03
 
160. '.208042 03 1.27094E 01 2.99484F 33 3.421232 03 3.13510E 03 3.2809S 03
 
180. 3.116232 03 3.15966F 01 2.90387[ 33 1.32859E 03 3.04577F 03 3.18669E 03
 
200. 3.021162 C3 3.70479F 01 2.80846E 03 3.33385E 03 2.94969E 03 3.092622 03
 
220. 2.72282F 03 1.31715E 01 2.70027E 33 3.13637C 03 2.84884E 03 2.99679E 03 
240. 2.82121F 03 3.43078F 01 2.60677F 23 3.03565E 03 2.74470E 03 2.89772E 03
 
260. ?.71634E C3 3.0769F 01 2.5012RE 33 2.93140E 03 2.63812F 03 2.79456F 03
 
280. 2.60820E 03 3.533102 01 2.39283E 3 2.82346F 01 2.52941E 03 2.68699E 03
 
300. 2.4067'2 03 3.511422 01 2.781722 23 2.71189F 03 2.41849E 03 2.57510E 03
 
320. 2.382122 03 3.46616E 01 2.1674OF 33 2.596842 03 2.30482E 03 2.459422 03
 
340. 2.26415E 03 3.44217F 01 2.04065C 33 2.47871E 03 2.18742F 03 2.34094 03
 
360. 2.14299E C3 3.505952 01 1.927932 33 2.35802E 03 2.06479E 03 2.22116E 03
 
380. 2.018502 C3 3.73457F 01 1.80155E 03 2.235462 03 1.93522E 03 2.10178E 03
 
400. 1.89077F C3 4.19087E 01 1.66-71E 03 2.11182F 03 1.797312 03 -1.98422E 03
 
420. 1.75075E C3 4.902482 01 1.53154E 33 1.987982 O 1.65044E 03 - 1.86909E 03 
440. 1.625492 03 5.86504E 01" 1.38624F 03 1.86473E 03 1.494702 03 1.75628E 03
 
460. 1.48795E 01 7.05976F 01 1.23315 33 1.74274E 02 1.33052F 03 1.64538F 03 
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Table G-18 

ELECTRICAL RESISTIVITY OF P0-3 GRAPHITE: "POSTIRRADIATION-ANNEAL DATA TAKEN AT 
LN2 TEMPERATURE AFTER EACH 'TEMPERATURE STEP OF ANNEAL 

Input Data Calculated Data Run Least Squares 

Temperature 
(OK) 

Resistivity 
(jzohm-cm) 

Resistivity 
(gohm-cm) 

Residuals 
(input-caic) 

No. Fit Coefficients 

77399990 01 340q000r 03 3.502000E 0? -9.300049E 01 1 P 
C 1+ C 2T + C 

3
T2 

1.0900000 02 3.493000E 03 3.468241E 03 2.475903E 01 2 
1.4500000 02 3.512002 03 3.422056E 03 8.994409E 01 3 C1 = 3.55791E 03 
1.735000 02 3.472008E 03 3.379658F 03 9.234204E 01 4 
1.9550000 02 3.38600C 03 3.343404F 03 4.259644F 01 5 
2.210000D 02 3.268000E 03' 3.297537E 03 -2.-53662E 01 6 
2.5650000 02 
2.705000D 02 
2.9450000 02 

3.255000n 02 

1.150000E 03 
3.11600c3.07900CE 0303 

1.061000E 03 

3.226810E 03 
3.196718f 033.142236F 03 

3.066453E 03 

-7.680957E 
-8.071753E 01 
-6.323633E 0101 

-5.453369E 00 

7 
8 

10 

C2 

C3 = 

-4.76705E-01 

-3.17405E-03 

3.6600000 02 3.010000E 03 2.958255E 03 5.174512E 01 I1 
4.1750000 02 2.927000E 03 2.805631F 03 1.713691F 02 12 
4.6000000 02 2.993000E 03 2.666998E 03 -7.399829E 01 13 

Statistical Terms
 

= 4 (Resduals) 
2 /d. f. 

a. = 8.239735E 01 

d.f. - 10 

t, - 2.23 

a. 0.05
 

95% Confidence Limits 95% Confidence Limits 
Temperature p ST on Individuals on the Mean 

(OK) (tohm~om) Lower Upper Lower Upper 

80. 3.49q462 03 5.78686E 01 3.27493F 33 3.72400E 03 3.37042E 03 3.62851E 03 
100. 1.47850E 03 4.73137C 01 3.26662C a3 3.69039E 03 3.37299E 03 3.58401E 03
 

120. 3.455002 C3 3.9014CF 01 3.25170F 03 3.65830E 03 3.36800E 03 3.54200E 03
 
140. 3.425962 03 3.32218F 01 3.23084E 03 3.627082 03 3.35488E 03 3.50305E 03
 

160. 3.40038E 03 2.99996E 01 3.204846 23 3.59593E 03 3.333482 03 3.46728E 03
 
3.17449F 03 3.56404E 03 3.30465E 03 3.43389E 03
 

?00. 3.33561E 03 2.93921801 3.14052E 03 A.53070E 03 3.27007E 03 3.40115E 03
 
180. 3.36927E 03 2.997805 01 


.103542 03 3.49528W 03 3.231575 63 3.36726F 03
220. 3.29c41F C3 3.04242F 01 

240. 3.260632 03 3.1468R2 01 3.06399 03 3.45737E 03 3.19050E 03 3.33085E 03
 
260. 3.21940E 03 3.21775E 01 3.02214F 03 3.416662 03 3.14765F 03 3.29116E 03
 
280. 3.175532 C3 3.24135F 01 2.97814E 33 3.37304F 03 3.103312 03 3.24787E 03
 
300. 3.12924E 03 3.221712 01 2.93194E D3 3.32653E 03 3.05739E 03 3.201082 03
 

2.88339 33 3.27730E 03 3.00942E 03 3.15126F 03
320. 3.08034F 03 3.180242 01 

340. 3.02R03803 3.157932 01 2.83213E n3 3.22560E 03 2.95849E 03 3.09933E 03
 

360. ?.974948 C3 3.21558E 01 2.77770E 03 3.17218E 03 2.90323E 03 3.04665E 03 
380. 1.918432 03 3.42387E 01 2.71945F 33 3.11741E 03 2.842082 03 2.99478E 03
 

400. 2.85038F C3 3.84051F 01 2.656642 33 3.06211F 03 2.77374E 03 2.94503E 03
 
01 ?.58853F 03 3.00706E 03 2.69764E 03 2.89795E 03
420. 2.79779E 03 4.49111F 


440. 2.73367E 03 5.371842 01 2.514322 33 2.95301E 03 2.61387E 03 2.85346E 03
 
460. ?.46700E 03 6.465588 01 2.43344E 03 2.900562 03 2.52282E 03 2.81118E 03
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Table G-19 

ELECTRICAL RESISTIVITY OF PO-3 GRAPHITE:
 
CHANGE FROM PREIRRADIATION TO POSTIRRADIATION
 

T 95% Confidence Limits 95% Confidence Limits

Temp AP on Individuals on the Mean
(OK) (gohm-cm)
 

Lower Upper Lower Upper
 

80 1403.3 924.8 1881.9 1175.7 1631.0
 

90 1335.3 861.1 1809.4 1117.1 1553.4
 

100 1289.2 818.4 1759.9 1078.5 1499.8
 

110 1265.0 797.1 1732.9 1060.6 1469.4
 

120 1262.8 757.1 1768.5 982.5 1543.1
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Table G-20 

ELECTRICAL RESISTIVITY OF GRAPHITE DURING IRRADIATION
 

Radiation 
Exposure 

(MW-h) 

Neutron 
Fluenea 
(n/cm ) 

Electrical 
Resistivity 

n-em) . 

Radiation 
Exposure 

(MW-h) 

Neutron 
Fluencee 
(nfcm2) 

Electrical 
Resistivity 

(n-cm) 

2.6 
11.0 
15.7 
16.5 
26.1 

3.74(14) 
1.58(15) 
2.26(15) 
2.38(15) 
3.76(15) 

1292.0 
1326.0 
1841.0 
2188.0 
2184.0 

945.1 
995.4 

'1049.7 
1102.3 
1166.2 

1.36(17) 
1.43(17) 
1.51(17) 
1.59(17) 
1.68(17) 

3140.6 
3158.0 
3173.0 
2974.0 
2987.0 

31.1 
34.9 
40.9 
59.0 
63.0 

4.48(15) 
5.03(15) 
5.89(15) 
8.50(15) 
9.07(15) 

2193.0 
2428.0 
2457.0 
2451.6 
1314.0 

1204.7 
1214.3 
1255.9 
1307.1 
1358.3 

1.73(17) 
1.75(17) 
1.81(17) 
1.88(17) 
1.96(17) 

3089.0 
3201.0 
3145.0 
3154.0 
3179.0 

71.8 
81.0 
82.1 
90.1 

128.3 

1;03(16) 
1.17(16) 
1.18(16)b 
1.30(16) 
1.85(16) 

1662.9 

1816.0 
1797.0 
1805.0 

1409.5 
1460.7 
1512.5 
1563.1 
1613.1 

2.03(17) 
2.10(17) 
2.18(17) 
2.25(17) 
2.32(17) 

3205.0 
3238.0 
3246.0 
3284.0 
3245.0 

164.8 
197.6 
234.8 
235.0 

\\237.8 

2.37(16) 
2.85(16) 
3.38(16) 
3.38(16) 
3.42(16) 

1846.0 
1839.0 
1769.0 
1750.0 
1710.0 

1662.7 
1711.9 
1756.7 
1807.9 
1859.2 

2.39(17) 
2.47(17) 
2.53(17) 
2.60(17) 
2.68(17) 

3284.0 
3307.0 
3313.0 
3332.0 
3338.0 

273.8 
3094.7 
31T.. 
373.3 
431.5 

3.94(16) 
4.46(16) 
4.57(16) 
5.38(16) 
6.21(16) 

1688.0 
2796.0 
2803.0 
2847.0 
2890.0 

1899.1 
1902.4 
1902.4 
1902.4 
1902.4 

2.73(17) 
2 . 74( 1 7 )b 
2 . 7 4(1 7 )b 
2.74(17)b 
2.74 (17)b 

3343.0 
3343.0 
3323.0 
3316.0 
3306.0 

491.5 
593.6 
610.2 
639.2 
641.3 

.7.08(16) 
8.55(16) 
8.79(16) 
9 .20(1 6)b 
9.23(16) 

2922.0 
2989.0 
2999.0 
3011.9 
3013.9 

1902.4 
1902.4 
1902.4 
1902.4 
1905.8 

2.74(17)b 

2.74(1 7)b 
2.7 4(17)b 
2.74(17)b 
2.74(17) 

3308.0 
3322.0 
3355.0 
3345.0 
3361.0 

666.5 
674.1 
674.1 
674.1 
674.1 

9.60(16) 
9.71(16)b 
9.71(16)b 
9.71(16)b 
9.71(16)b 

3023.3 
3022.3 
3034.0 
3032.9 
3034.5 

1925.4 
1960.3 
2000.3 
2046.1 
2080.3 

2.77(17) 
2.82(17) 
2.88(17) 
2.95(17) 
3.00(17) 

3362.0 
2906.1 
2909.0 
3233.8 
2-732.0 

725.7 
777.4 
811.7 
867.8 
902.6 

1.05(17) 
1.12(17) 
1.17(17) 
1.25(17) 
1.30 (17)b 

3056.5 
3067.0 
3089.6 
3106.0 
3125.9 

2120.3 
2158.6 
2200.3 
2237.1 
2305.0 

3.05(17) 
3.11(17) 
3.17(17) 
3.22(17) 
3.32(17) 

3340.7 
3392.0 
3395.0 
3400.0 
3407.0 

902.6 
902.6 

1.30 (1 7)b 

1.30 (1 7)b 
3127.2 
3127.5 

2309.8 3.33(17) 3410.0 

2 Neutron fluence for E I Mev
 

b Reactor at zero power
 

439 



Table 0-21 
,ELECTRICAL RESISTIVITY OF PO-3 GRAPHITE: DATA TAKEN AT ZERO REACTOR POWER AS 

A FUNCTION OF RADIATION EXPOSURE 

Input Data Calculated Data Run Least Squares 

Finence 
(1017 n/cm

2
) 

Resistivity 
(goh-cm) 

Resistivity 
(pohm-cm) 

- Residuals 
(input-calo) 

No. Fit Coefficients 

0.0 2.364000E 03 2.365432E 03 -1.432129E 00 0 P = C1 + C2C 
+ 

032 
+ 0 

4 
3 

9.203000D-01 3.011900E 03 3.005187E 03 6.712402E 00 2 
9.710000D-01 3.030902 03 3.026673E 03 4.227051E 00 Y 
1.2999990 00 3.126900E 03 3.138533E 03 -1.163330E 01 4 C1 = 2.36543E 03 
2.740000D 00 3.3310C0E 03 3.327198E 03 3.801514E 00 5 
3.3300000 00 3.4L00200 03 3.411666 03 -1.666260F 00 6 C = 1.00210E-14 

C3 ' -3.81787E-32
 

04 = 5.26146E-50 

Statistical Terms
 

Sa r_(Residuals)2/a.f. 

s - 1.042921E 01
 e
 

d.f. 2 

t= 4.30 

a =0.05 

95%.Confidence Limits 95% ConfdneT it 

(161e/=ce P S;T on Individuals on the Mean 

(117n/m 2 3-c)Lower Upper Lowecr Upper 

0.0 2.36543E 03 1.03798E 01 2.30216E 03 2.42870F 03 2.32080E 03 2.41006F 03 
4.o000-01 2.70855E 03 7.054582 00 2.65441E 03 2.76269F 03 2.67822E 03 2.73889E 03 
8.O00E-01 2.94970E 03 6.48137E 00 2.89690E 03 3.00250E 03 2.92183E 03 2.977572 03 
1.Z002 00 3.10909E 03 6.15329E 00 3.05702E 03 3.16116E 03 3.08264E 03 3.13555E 03 
1.600E 00 3.20692E 03 7.63792E 00 3.15134E 03 3.26251F 03 3.17408E 03 3.23977E 03 
2.000E 00 3.26339E 03 1.01567E 01 3.20080E 03 3.32599E 03 3.219722 03 3.30707E 03 
2.400E 00 3.29872C 03 1.13447E 01 3.23245E 03 3.36498E 03 3.24993E 03 3.34750E 03 
2.800E 00 3.33309E 03 9.63023E 00 3.27205E 03 3.39413E 03 3.291682 03 3.374502 03 
3.200E 00 3.38672E 03 8.12818F 00 3.32986E 03 3.44358F 03 3.35177E 03 3.42167E 03 
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Table G-22
 

ELECTRICAL RESISTIVITY OF INCONEL*:- PREIRRADIATION
 

Input Data Calculated Data Least Squares 

Temperature Resistivity Resistivity Residuals - No. Fit Coefficients 
(OK) (gohm-cm) (pohm-cm) (input-cale) 

7-7399990-01 1.2070c0. 02 1.207184F 02 -1.843262F-02 1 P - C1 + C2T + C3T2 

9.6500000 01 
1.190000D 02 
1.4150000 02 

1.2100C0 0Q 
1.2140C0 02 
1.217000E 02 

1.210069E 02 
1.213482E 02 
1.216909E 02 

-6.912231E-03 
5.181885E-02 
9.0637212-03 

2 
3 
4 C 1.19561E 02 

1.7050000 02 1.2210C0F 02 1.221350E 02 -3.497314E-02 5 
2.035000P,02 
2.2850000 02 

1.2260C0 
1.231ocoe 

02 
02 

1.226433E 02 
1.230307E 02 

-4.335022E-02 
6.335942-02 

6 
7 C2 1.48422E-02 

2.555000D 02 1.234000E 02 1.234511E 02 -5.108643E-02 8 
2.815000D 
2.9800000 

02 
02 

1.2390C00 02 
1.2410C06 02 

1.238580E 02 
1.241173E 02 

4.2007452-02 
-1.727295E-02 

9 
10 C3 - 1.50532E06 

Statistical Terms
 

B E(ResIduals)2/d.f.
e 


- 4.741536E-02Be 


d.f. - 7 

t - 2.36a 


a- 0.05 

95% Confidence Limits 95% Confidence Limits 
Temperature P on Individuals on the Mean 

("K) .ohm-cm). - Lower Upper Lower Upper 

80. 1.201582 02 3.38678F-(2 1.20620E 02 1.20895- 02 1.206782 02 1.208382 02
 
90. 1.20909E 02 2.84392-132 1.20778 02 1.210391 0? 1.20841E 02 1.20976E 02 

100. 1.21060C 02 2.440292-02 1.20934E C2 1.21136E 02 1.21002E 02 1.21117E 02 
110. 1.21211E 02 2.17237F-02 1.21088F 02 1.21335 02 1.21160E 02 1.21263E 02
 
120. 1.21363C 02 2.04426P-02 1.21242E 02 1.21485F 02 1.21315E 02 1.214120 02 
130. 1.21516b 02 2.02974F-02 1.21394F 02 1.21637E 02 1.2146B2 02 1.21563E 02
 
140." 1.21668E 02 2.089102-02 1.251646E 02 1.21790E 02 1.21619E 02 1.217172 02
 
150. 1.21821- 02 2.18205E-02 1.216982 02 1.21944C 02 1.21769E 02 1.21872E 02 
160. 1.21974C 02 2.27774C-02 1.21850E 02 1.220982 02 1.219206 02 1.220282 02 
170. 1.22127E 02 2.355U7E-02 1.22002F 02 1.22252F 02 1.22072E 02 1.22183E 02
 
180. 1.222812 02 2.40457F-02 1.221562 02 1.22406E 02 1.22224E 02 1.22338E 02 
190. 1.22435F 02 2.417S72-02 1.22309E 02 1.22561F 02 1.22378E 02 1.22492F 02
 
200. 1.22589C 02 2.39446q-02 1.22464E 02 1.227156 02 1.22533E 02 1.22646E 02 

* 210. 1.22744E 02 2.33741 -02 1.22619E 02 1.22869F 02 1.226899 02 1.22799F 02 
220. 1.22899e 02 2.254111E-02 1.227752 02 1.23023E 02 1.22846E 02 1.22952E 02 
230. 1.23054E 02 2.16143E-02 1.22931F 02 1.23177b 02 1.2303E 02 1.23105E 02
 
240. 1.23209E 02 2.08112E-02 1.23087E 02 1.23332E 02 1.23160E 02 1.23259F 02
 
250. 1.23365F 02 2.04616P-02 1.23243F 02 1.23487F 02 1.23312 02 1.23414E 02
 
260. 1.23521E 02 2.10372F-02 1.23399E 02 1.23644E 02 1.234722 02 1.23571E 02
 
270. 1.236782 02 2.283182-02 1.23554F 02 1.238921 02 1.23624E 02 1.23732E 02
 
280. 1.23834C 02 2.60294E-02 1.23707E 02 1.239622 02 1.237732 02 1.238962 02
 
290. 1.23991[ 02 3.05929E-02 1.2385 02 1.241Z5F 02 X.Z3919E 02 1.24064t 02 
300. 1.24149E 02 3.638822-02 1.24008 02 1.24290E 02 1.24063E 02 1.242352 02 
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Table G-23
 

ELECTRICAL RESISTIVITY OF ICONEL: POSTIRRADIATION
 

Input Data Calculated Data Run Least Squares
 

Temperature Resistivity Resistivity Residuals No. Fit Coefficients 

(OR) (pohm-c) (poi-.m) (input-calc) 
2
 

I P - C1+ C2T + C3T-4.681396F-02
7.739999D 01 1.2090002 02 1.2084b8F 02 
q.750000D 01 1.211000E C2 1.211105E 02 -1.049805-02 2 
1.115000D 02 1.213000F 02 1.212977F 02 2.304077E-01 3 
1.460000n 0? 1.218000E C2 1.217713E 02 2.973233E-02 4 l.19887E 02C1 

1.7550000 0? 1.22200CE 02 1.221901F 02 9.857178E-03 5 
1.9850001 02 1.2260COE 02 1.22525.E 02 7.437134E-02 6 
2.2350005 ,12 1.22qOCF 02 D.?290F 02 0.002686E-04 72 i.18302E-02 
2.615000n 02 1.23500CE C2 j.7 4 r 02 1.556395F-02 8
 
2.750000n 02 1.23700CE 02 1.236975E 02 2.502441E-03 9
 
2.9900000 0? 1.241000E C? 1.240329F 02 


2 8 4 4
 

1.705933F-07 10 3- 7.36797E-06
 

3.2q30000 0? 1.245000F 02 1.245767F 0? -7.6t50156-02 11
 
3.705000q J? 1.75200CE C2 1.252915F 0? -q.1497146-02 12
 
4.215000P 0? 1.2610002 02 1.251824C 02 1.756297E-02 13
 

4.635000D 02 1.27100CE 02 1.26-53?E 02 4.b292?E-02 14
 

Statistical Terms
 

se - p(esiduals) 2 /d.f. 

se - 4.702146E-02
 

d.f. " 11 

- 2.20 

a -0.05 

953%Confidence limits 95% Confidence Limits
Temperature P sm on Individuals on the Mean 

(OK) (Ah--cm) Lower Uper Lower Upper 

80. 1.20P832 02 '.P7013F-07 ,1.20750E 0? 1.21002F 02 1.20817F 02 1.20944E 02 
100. 1.21144E 02 '.3451QF-? 1.2102WF 02 1.2125qE 02 1.210922 02 1.21195E 02 
120. 1.21413E 02 1.95221E-02 1.213012 32 1.21525E 0? 1.21370E 02 1.21456E 02 
140. 1.21688F 02 1.70424E-02 1.21278F 02 1.21798E 0? 1.21650E 02 1.21725E 02 
160. 1.?106E C2 1.q56?6E-0? 1.213591 32 1.22078F 02 1.21933E 02 1.22004E 02 
180. !.22255C 02 1.50532F-02 1.2214SF 02 1.223642 02 1.27220E 02 1.22290E 02 
200. 1.17549E 0? 1.65337F-01 1.224'RE 02 I.?7657F 02 1.22511F 02 1.22584E 02 
720. 1.22846E 0? 1.729'3r-02 1.227'5F 02 1.22956E 02 1.22808E 02 1.22884F 02 
240. 1.23151E C2 1.792161-02 1.23040E 3? 1.23261E 02 1.23111E 02 1.23190E 02 
260. 1.21461F C2 1.83140F-02 1.213qIE 02 1.23572E 0? 1.234212 02 1.23501F 02 
280. 1.13777E C2 1.840972-02 1.136652 02 1.2388PF 02 1.23737E 02 1.238182 02 
300. 1.2409-P C2 1.82510F-02 1.24S88F 02 1.24210E 02 1.24059E 02 1.24139E 02 
320. 1.24427r c? 1.7q6502-02 1.74315 02 1.24538F 02 1.24388E 02 1.24467E 02 
340. 1.24761E 02 1.77801'-07 1.24650n 02 1.248722 02 1.24722E 02 1.24800F 02 
360. 1.2-101F 02 1.90297F-02 1.74990 02 3.29212E 02 1.25061E 02 1.25140E 02 
.380o 1.26446F 02 1.91007F-02 1.25335F 32 1.255582 02 1.254q42 02 1.25488E 02 
400. 1.20709E 02 ?.13123r-o 1.25t9 4E 02 1.25912F 02 1.25751E 02 1.25845E 02 
420. 1.2(155 C2 2.q0091F-0? 1.2503qF 32 1.26272E 02 1.26101E 02 1.76210F 02 
440. l.266!9E 02 2.q570rF-02 1.26317 02 1.266412 02 1.2(4542 02 1.26584E 02 
460. 1.262832 0? 3.'h013F-0? 1.2675AF 32 1.27012F 02 1.26810E 02 1.26966E 02 
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Table G-24
 

ELECTRICAL RESISTIVITY OF INCONEL*: POSTIRRADIATIONANNEAL DATA TAKN AT
 
LN2 TEMPERATURE AFMER EACH TEMPERATURE STEP OF ANNEAL 

Input Data Calculated Dlata RnLeast Squares 

Temperature Resistivity .Resistivity Residuals No. Fit Coefficients 

(OK) (Aohm-cm) (gohm-cm) (input-calo) 

7.739009' 01 1.208000 02 1.208765F 02 -7.652283r-02 LP CI + C2T + C3 
*.750000D 01 1.2080002 0 1.2080062 07 -9.202962-03 2 
1.115000D 02 1.2090002 02 1.2076962 0? 3.03407302 31 
1.46)0000 02 1.207000C 02 1.206042F 02 5.79R .32-01 4 I1 1.21238B202 
1.7590000 02 1.0700OE 0 1.206558F 02 4.123523F-02 5 
1.95000D 1 J.?07000t 02 1.206'29E 02 5.7510382-02 6 C2 - -5.74OiE-03 
2.7350000 02 1.2070£ 02 1.20447E 02 5.514363E-02' 7
 
.6150000 0? 1.2070CCE 02 1.206810E OP 1.890719E-02 8
 

2.7500000 02 1.2010COF C? 1.207035E 02 -3.5747802-03 0 c3 - 1.381639r-05 
2.990000 0? 1.2070002 o 1.207560F 0? -5.594924F-02 00 
3.290000D 02 1.20800022 0? 1,208439E'02 -4.3960572-02 1]
 
3.7050000 02 1.2090002 OR 1,210066F 02 -1.0664372-01 12
 
4.215010D 02 1.213008 C? ).Zl12717E 0? 2.a0zaE-02 1.3
 
4.63 0000 07 1,21600C2 02 1.215440F O 5.59539820-2. 14
 

Statistical Terms
 

2 
se = 4(Res.duals) /d.f. 

S 5,718470E-02
e 


%1,f. -15. 

ra 2.20
 

a 0.05 

95% Confidence Limits 957. Confidence Limits
 
Temperature p "-on Individuals on the Mean 

(0 K) (johm-cm) Lower j Upper Lower f Uper 

80. -1.208672 02 3.49040E-02 1.20723F D2 1.21015F O 1.20790F 02 1.20944C 02 
100. 1.2 02 02 7.952082-02 1.20661E 02 1.209432 02 1.2073W 02 1.7.0865E 02 
120. 3.07412 02 ?.17416E-02 1.20612F 02 1.20884E 02 1.20696E 02 1.20800F,02 

1.20839 02 1.206592 02 1.20751E O
140. 1.207052 02 2.072602-O? 1.20571F 02 

160. 1.206732 02 ).94127E-02 1.?05402 02 1.208062 02 1.20643E 02 1.207162 02
 

180. 1.70652r 02 1.04014F-0? 1.20S1oC 0? 1.207856 02 1.20609E 02 1.2069S2 02
 

1.206422 O 2.010732-0? 1.205072 32 1.207752 02 1.205082 02 1.20686E O
200. 

220. 1.20643E 02 2.10177F-02 1.z05092 02 1.20777F 02 1.20597F 02 1.206902 02
 
240. 1.206562 0Z 2.1777F-02 1.29521e 02 1.207902 02 1.20608E 02 1.207032 02
 
260. 1.2067-F 02 2.22724F-02 1.20544F 02 1.208142 02 I.Z06302 02 1.207282 02
 

280. 1.20711E 02 2.38882-02 1.?Q5782 0 1.208482 02 I.Z06642 02 1.207622 O
 

300. 1.20759E 02 2.21957f-0' 1.20674f D2 11.20932 Oz 1.20710O 02 1.208078 02
 

320. 1.20815F 02 P.18479F-02 1.2068OF 02 1.20950F 02 1.207672 02 1.208632 02
 

340. 1.20882L 02 2.162312-02 1.20748E 02 1.210172 02 1.20835F 02 1.209302 02 
340. 1.200610 02 2.102662-02 1.?0?76 02 1.710962 O 1.209132 02 1.210092 02
 

380, 1.21051F 02 2.37791E-0' 1.?0915E 32 1.21186f 0? 1.20999E 02 1.211022 02
 
400. 1.21151F 02 2.5187F-0 1.210132o1 1.21280F 02 1.210942 02 1.212082 02
 

420. 1.21763F 02 .Q!T73F-02 1.211212 02 1.214052 02 1.21197E 02 1.213 92 02
 

440. 1.21165E C2 3.6242-02 1.712372 02 1.21534E 02 1.21307E 02 1.21465E 02
 

460.' 1.2q5197 02 4,31746E-02 1.21"/2E 0? 1.21677E 02 1.21424E 02 1,21614E 0?
 

443
 



Table G-25
 

ELECTRICAL RESISTIVITY OF INCONEL*:
 
CHANGE FROM PREIRRADIATION TO POSTIRRADIATION
 

95% Confidence Limits 95% Confidence Limits
 
AP on Individuals on the Mean
 

(OK) (gohm-cm)
 
Lower Upper Lower Upper
 

80 0.12300 -0.04660 0.29060 0.03110 0.21389
 

100 0.08400 -0.07313 0.24113 0.01297 0.15502
 

120 0.05000 -0.10219 0.20219 -0.00932 0.10932
 

140 0.02000 -0.13113 0.17113 -0.03654 0.07654
 

160 -0.00600 -0.15780 0.14580 -0.06429 0.05229
 

180 -0.02600 -0.17865 0.12665 -0.08647 0.03447
 

200 -0.04100 -0.19385 0.11185 -0.10198 0.01998
 

220 -0.05300 -0.20529 0.09929 -0.11256 0.00656
 

240 -0.05800 -0.20954 0.09354 -0.11561 -0.00038
 

260 -0.06000 -0.21188 0.09188 -0.11851 -0.00148
 

280 -0.05700 -0.21227 0.09827 -0.12382 0.00982
 

300 -0.05000 -0.21404 0.11404 -0.13523 0.03523
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Table G-26 

ELECTRICAL RESISTIVITY OF INCONEL* DURING IRRADIATION
 

Radiation Neutron Electrical Radiation. Neutron Electrical 
Exposure 
(MW-h) 

Fluencea 
(n/cm2) 

Resistivity 
&l-cm) 

Exposure 
(W-h) 

Fluencea 
(n/cm2) 

Resistivity 
fl-cm 

2.6 
11.0 

3.74(14) 
1.58(15) 

120:8 
120.8 

945.1 
995.4 

1.36(17) 
1.43(17) 

120.9 
120.9 

15.7 2.26(15) 120.8 1049.7 1.51(17) 120.9 
16.5 2.38(15) 120.8 1102.3 1.59(17) 120.9 
26.1 3.76(15) 120.8 1166.2 1.68(17) 120.9 

31.1 4.48(15) 120.8 1204.7 1.73(17) 120.9 
34.9 5.03(15) 120.8 1214.3 1.75(17) 120.9 
40.9 5.89(15) 120.8 1255.9 1.81(17) 121.0 
59.0 
63.0 

8.50(15) 
9.07(15) 

120.8 
120.7 

1307.1 
1358.3 

1.88(17) 
1.96(17) 

120.9 
120.9 

71.8 1.03(16) 120.8 1409.5 2.03(17) 120.9 
81.0 1.17(16), 120.8 1460.7 2.10(17) 120.9 
82.1 
90.1 

1.18(16 )b 
1.30(16) 

120.7 
120.8 

1512.5 
1563.1 

2.18(17) 
2.25(17) 

120.9 
120.9 

128.3 1.85(16) 120.8 1613.1 2.32(17) 120.9 

164.8 2.37(16) 120.8 1662.7 2.39(17) 120.9 
197.6 2.85(16) 120.8 1711.9 2.47(17) 120.9 
234.8 3.38(16) 120.8 1756.7 2.53(17) 120.9 
235.0 3.38(16) 120.8 1807.9 2.60(17) 120.9 
237.8 3.42(16) 120.8 1859.2 2.68(17) 120.9 

273.8' 
309.7 

3.94(16) 
4.46(16) 

120.8 
120.8. 

1899.1 
1902.4 

2.73(17) 
2.74 (17)b 

120.9 
120.7 

317.2 4.57(16) 120.9 1902.4 2 .74 (17)b 120.9 
373.3 5.38(16) 120.9 1902.4 2 .74 (17 )b 120.7 
431.5 6.21(16) 120.9 1902.4 2 .74 (17)b 120.7 

491.5 7.08(16) 120.9 1902.4 2.74(17)b 120.7 
593.6 8.55(16) 120.9 1902.4 2.74(17)b 120.8 
610.2 
639.2 
641.3 

8.79(16) 
9 .20(16 )b 
9.23(16) 

120.9 
120.7 
120.8 

1902.4 
1902.4 
1905.8 

2 .74 (17 )b 
2 .74(17 )b 
2.74(17) 

120.8 
120.8 
120.8 

666.5 9.60(16) 120.8 1925.4 2.77(17) 120.8 
674.1 9 .71(16 )b 120.7 1960.3 2.82(17) 120.8 
674.1 9 .71(16 )b 120.7 2000.3 2.88(17) 120.8 
674.1 9.71(16 )b 120.7 2046.1 2.95(17) 120.8 
674.1 9 .71(16 )b 120.7 2080.3 3.00(17) 120.8 

725.7 1.05(17) 120.9 2120.3 3.05(17) 120.8 
777.4 1.12(17) 120.9 2158.6 3.11(17) 120.8 
811.7 1.17(17) 120.9 2200.3 3.17(17) 120.8 
867.8 1.25(17) 120.9 2237.1 3.22(17) 120.8 
902.6 1.30 (17)b 120.7 2305.0 3.32(17) 120.8 

902.6 1.30(17)b 120.7 2309.8 3.33(17) 120.8 
902.6 1.30 (17)b 120.7 

a Neutron fluence for 1 > MeV 
b Reactor at zero power 
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Table G-27
 

ELECTRICAL RESISTIVITY OF ALUMINM 7039-T61(1$: PREIRRADIATION
 

Input Data Calculated Data Run Least Squares 

Temperature Resistivity Resistivity Residuals No. Fit Coefficients 
(OK) (pohm-ct) (poha-em) (input-cale) 

7.73999D 01 2.224999E 00 2.206948E 00 1.805115E-02 1 P - C1 + C2T 
+ C32 

9.600000D 01 2.422999C 00 2.429360E 00 -6.361008E-03 2 
1.1850000 02 
1.40500011 02' 

2.e83999E 00 
2.9509992 00 

2.698223E 00 
2.960917E 00 

-1.422405E-02 
-9.918213E-03 

3 
4 CI 1.27996E 00 

1.695000D 02 3.3069992 00 3.3069022 00 9.727478E-05 5 
2.0150000 02 
2.2550000 02 

3.688999E 00 
1.983999E 00 

3.68829E 00 
3.9740672 00 

7.0858002-04 
9.932518-03 

6 
7 

C2 1.19920E-02 

2.520000D 02 4.299OG0E 00 4.289344E 00 9.655952E-03 8 
2.7750C00 02 
2.940000D 02 

4.605000E 00 
4.76900OE 00 

4.592462E 00 
4.788460E 00 

1.253796E-02 
-2.046013E-02 

9 
10 C3 - -1.98385E-07 

Statistical Terms
 

s 4E-Ur(Residuals) 2 /d.f. 

B - 1.431892E-02 e 


d.f. - 7 

ta - 2.36 

a - 0.05 

95% Confidence Limits 95%. Confidence LimitsTemperature P on Individuals on the Mean 
(OK) (pAin-cm) Lower Upper Lower Upperj 
80. 2.23805E 00 1.02152E-02 2.19654E 00 2.27956C 00 2.21394E 00 2.26215E 00
 
90. 2.35763E 00 S.570Q7E-03 2.31825E. 00 2.39701E 00 2.33740F 00 2.37786E 00 
100. 2.477L7E 00 7.33143E-03 2.43921E 00 2.51514E 00 2.459872 00' 2.49447E 00
 
110. 2.59668E 00 o.533092-03 2.55953E 00 2.633822 00 2.58126E 00 2.61209E 00
 
120. 2.71614E 00 6.16435E-03 2.67935E 00 2.75293E 00 2.701592 00 2.730696 00
 
130. 2.8355.E CO 6.14210E-03 2.798792 00 2.87233E 00 2.82107E 00 2.85006E 00
 
140. 2.95495E 00 6.3372LE-03 2.91799E 00 2.q91902 00 2.93999E 00 2.96990E 00 
150. 3.07429E 00 6.62441F-03 3.037062 00 3.111532 00 3.058662 00 3.08993E 00 
160. 3.193602 00 6.91006E-03 3.15608E 00 3.23112E 00 3.177292 00 3.20991E 00 
170. 3.31286E 00 7.134232-03 3.27511E 00 3.35062E 00 3.296032 00 3.32970E 00 
180. 3.432092 00 7.262482-03 3.394202 00 3.46998E 00 3.41495E 00 3.449232 00 
190. 3.55128E 00 7.27847E-03 3.513372 00 3.58918E 00 3.534102 00 3.56845E 00 
200. 3.670422 00 7.18125E-03 3.63262E 00 3.708232 00 3.65348E 00 3.68737E 003 71 3

210. 3.789532 00 b.gS Er0 3.751932 00 3.827132 00 3.773052 00 3.80601E 00 
220. 3.902602 00 6.716552-03 3.87127E 00 3.945922 00 3.89275E 00 3.92445E 00 
230. 4.027622 00 6.434042-03 3.990582 00 4.064672 00 4.01244E 00 4.04281E 00 
240. 4.146612 00 6.221d72-03 4.109772 00 4.183462 00 4.13193E 00 4.161292 00 
250. 4.26556E 00 6.198492-03 4.22874E 00 4.30238E 00 4.25093E 00 4.280192 00 
260. 4.384472 00 6.493962-03 4.347362 00 4.42157E 00 4.369142 00 4.39979E 00
 
270. 4.503342 00 7.202582-03 4.465512 00 4.541162 00 4.486342 00 4.520332 00
 
280. 4.622172 00 8.35,90L-03 4.583052 00 4.661282 00 4.60246E 00 4.64187E 00
 
290. 4.740962 00 9.qI222-03 4.69986E 00 4.782052 00 4.71756E 00 4.76435E 00 
300. 4.859702 00 1.18372F-02 4.81586E 00 4.90355E 00 4.83177F 00 4.88764E 00
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Table G28 

ELECTRICAL RESISTIVITY OF ALUMINUM 7039-T61(l): POSTIRRADIATION 

Input Data Calculated Data Thun Least Squares 
Temperature Resistivity Resfstivity Residuals No. Fit Coefficients 

("K) (gohm-cm) (pohm-em) (input-tale) 
I' ~ ~pCI + C2 + 3T 

7.739O99n o 
9.6500000 01 

1.3370008 00 
2.49700CE 00 

2.2973418 00 
2.5111226 00 

3.965855E-02 
-1.412291E-02 

1 
2 

P 1 2 +0 3 T 2 

1.095000D 02 
1.4450000 02 

2.6349q9E 00 
3.04299E 00 

2.657046E 00 
3.051609F 00 

-2.2047042-02 
-8.60q772E-03 

30 
4 1 

1.43854E 00 

1.7350000 02 
1.9600000 02 
2.2050000 02 

3.37599SE 00 
3.6240008 00 
3.908999E 00 

3.380199E 00 
3.636660F 00 
3.916856E 00 

-4.39ql3aE0 3 
-1.266003E-02 
-7.8563696-03 

5 
6 
7 

2 
2 

1.10178E-02 

2.5750000 02 
2.7000000 02 
2.9400000 02 

4.351999E 00 
4.5029992 00 

* 4.773000E 00 

4.342299F 00 
4.486651E 00 
4.764689F 00 

9.599821E-03 
1.534789E-02 
8.3103182-03 

8 
9

10 C3 1.00545E-06 

3.2450000 02 
3.6450000 02 

5.1250002 00 
5.591999E 00 

5.119701F 00 
5.588125E 00 

5.'298615F-03 
3.P738252-03 

11 
12 

4.1650000 3? 6.186999E 00 6.201887F 00 -1.488781E-02 33 
4.5850009 02 6.102q99 00 6.701586F 00 1.413345F-03. 14 

Statistical Terms 

Se = J;(Residuals) 2 /d.f. 

s e 1.724400E-02 

d.f. - 11 

ta = 2.20 

a = 0.05 

T 957 Confidence LiMits I 95 Confidence LimitsTemperatur-cm)
T"p)t(pohe-c ) S on Individuals.Lower on the Mean'U:upper Lower Upper 

80. 2.32640E 00 1.04510E-02 2.28204F 30 2.370768-00 2.30341E 00 2.34939= 00
100. 2.55037E 00 8.518892-03 2.50806E 30 2.592692 00 2.53163E 00 2.56912i 00
120. 2.77516F 00 708402E-01 2.73414E 00 ?.816172 00 2.75957E 00 2.790748 00

140. 3.00074F 00 6.194492-03 2.96043E 30 3.04105E 00 2.98711C 00 3.01437E 00
160. 3.227132 00 5.82595F-03 3.18709F 00 3.267172 00 3.21431E 00 3.23995E 
00

180. 3.45433E 00 5.847262-03 3.41427C 30 3.49"38E 00 3.44146E 00 3.46T19E 00 
200. 3.68232E 00 6.075182-03 3.64210E 00 3.722552 00 3.668962 00 3.69569E 00 
220. 3.91113E 00 6.354112-03 3.87070E 00 3.951562 00 3.89715E 00 3.92511E 00240. 4.14073E 00 6.58530F-03 4.10012F 30 4.18134E 00 4.12625E 00 
 4.15522F 00
260. 4.37115E 00 6.71926E-03 4.33043F 30 4.411868 00 4.35636F 00 4.38593E 00
280. 4.602362 00 6.74391C-03 4.56163E 30 4.643102 00 4.587522 00 4.61720E 00
300. 4.83438E .00 6.579272-03 4.793702'00 4.87506F 00 -. 4.819A92 00 4.849085 00
320. 5.06721E 00 6.57950E-03 5.026608 00 
 5.107812 00 5.05273E 00 5.081682' 00
340. 5.300832 00 6.53804E-03 5.26025F 30 5.34140E 00 5.28645E 00 5.31522F 00 
360. 5.53527P 00 6.6R653F-03 5.49458F 30 5.57596E 00 5.52056E 00 5.54998E 00380. 5.77050E 00 7.16946E-03 5.72942E 00 5.81159E 00 5.75473 ,00 5.786282 '00
400. 6.00655F CO 8.095262-03 5.06464E 30 6.04845E 00 00
5.988742 6.02435E 00
 
420. 6.24339F 00 9.50317F-03 6.20508£ Do 6.28671E 00 6.222492 00 6.26430 00
440. 6.48104E 00 1.13767E-O 6.435592 00 6.52649E 00 6.45601E 00 6.506072 00
 
460. 6.-7950E 00 "1.367782-02 6.571098 30 6.76792E 00 6.68941E 00 6.74959F 00 
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Table G-29 

ELECTRICAL RESISTIVITY OF ALUMINUM 7039-T61(l): POSTIRRADIATION-ANNEAL DATA TAKN 
AT LN2 TEMPERATURE AFTER EACH TEMPERATURE STEP OF ANNEAL 

Input Data Calculated Data Run Least Squares 

Temperature Resistivity Resistivity Residuals No. Fit Coefficients 

(OK) (,.ohm-cn) (gtohm-cm) (input-cale) 

7.739999D 01 7.33700CE 00 2.330070F 00 5.910351E-01 I P CI 
+ C2T 

+ C3 2 

9.650000D 01 2.331999F 00 2.325059E 00 7.910292F-03 2 
1.OQSCOOD O 2.32700CE 00 2.321344E 00 5.55528F-03 3 I 2.34491E 0 
1.445000D 02 2.31300CE 00 2.310113 00 2.82677?E-03 4 C1 
1.735000D 02 2.285999F 00 2.2994482 00 -1.344872-02 5 
1.9600000 0OR 
2.2050000 02 

.2700CE 00 
2.264Q0gF 00 

2.290325E 00 
2.-779551E 00 

-2.D12566E-02 
-I.4 5115C-02 

6 
7 

C2 = -1.35078E-04 

2.5750000 0' 2.257Q99F 00 ?.261613E 00 -?.613472r-o3 8 
2.7000000 02 2.252999 00 2.255100F A0 -2.100945E-01 c C3 ' -7.31642E-07 
2.940000n 07 2.2429Q9E 00 2.241954E 00 1.045227F-03 10 
3.2450000 02 2.235990E 00 2.224032F 00 1.16671E-07 11 
3.645000D 0? 2.224000F 00 2.198465E 00 ?.553463-02 I? 
4.1690000 02 2.19000C0 00 1.161778F 00 2.827168E-02 13 
4.585000D 0? 2.092?90F C0 2.1291682 00 -. 516813F-02 14 

Statistical Terms 

s e =4(Residuals) 2 /d.f. 

se = 1.877699E-02
 

d.f. - 11 

t= 2.20 

a= 0.05
 

95% Confidence Limits 95. Confidence Limits 
Temperature P ST on Individuals on the Mean 

(OK) Lower Upper Lower Upper 

80. 2.32042F 00 1.138015-02 1.'911L 30 2.377
7 

2F 00 2.30438E 00 Z.35445E 00 
100. 2.3240V8 00 9.276222-93 '.2780F 30 2.17016F 00 2.30168F 00 2.34449E 00 
120. 2.31P16F 00 7.71379F-03 2.773509 00 2.36282 00 2.30119E 00 2.33513E 00
 
140. 2.11166F cO 6.74518r-03 2.26775r 00 2.35555E 00 2.29682E 00 2.32650E 00 
160. 2.30457F C0 6.343885-03 ?.2609'F 30 2.14817E 00 2.29061F 00 2.31852E 00 
1A0. 2.20689E CO 6.36708r-0, 2.25327E 10 2.34051E 00 2.28288E 00 2.31090E 00 
200. ?.2R63F 00 6.6152&E-03 2.244R'r 00 2.332422 00 2.274072 00 2.303182 00
 
220. 2.27078 CO 6.3189C-03 2.21575F 00 2.32380E 00 2.26456E 00 2.29500E 00 
240. 2.2703S2 00 7.17073F-03 2.22613% 0 2.314q7F 00 2.25457E 00 2.28612E 00
 
760. 2.26033 CO 7.3166OF-0' 2.21599E 30 2.30466E 00 2.24423E 00 2.27642E 00
 
280. 2.24977 CO 7.'4344E-O 2.205Z7r 30 2.294082 00 2.23357E 00 2.265882 00
 
300. 2.2-P54E CO 7.27106=-03 7.19424E 00 2.28284r 00 2.22254E 00 2.25454E 00
 
320. 2.226762 CO 7.1l442E-03 2.18295F 30 2.27008E 00 2.21100E 00 2.24252E 00
 
340. 2.2144O C0 7.11927F-03 2.17027F 30 2.25859 00 2.39874F 00 2.23007F 00 
160. 2.20346F 00 7.29096E-0? 2.157116 30 2.?4576F 00 2.18544E 00 2.217482 00
 
380. 2.187q' 00 7.8068IF-0' 2.1431-E 00 2.23267r o 2.17075F 00 2.20510E 00
 
400. 2.17181E CO 8.81493F-03 2.128]F 30 2.21945E 00 2.15442E 00 2.19321E 00
 
420. 2.15911F 00 1.034-OE-0' 2.111'5F 30 2.20628b 00 2.13635E 00 2.18188F 00
 
440. 2.14382E 00 1.13881-07 2.09434F 00 2.19332F 00 2.11657E 00 2.17108E 00
 
460. 2.1?7c42 00 1.48937--02 . 2.07523E 00 2.18068F 00 2.09519E 00 2.16072E 00 
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Table G-30
 

ELECTRICAL RESISTIVITY OF ALUMINUM 7039-T61(1):
 
CHANGE FROM PREIRRADIATION TO POSTIRRADIATION
 

95% Confidence Limits 95% Confidence Limits 
Temp AP on Individuals on the Mean 
(OK) (gaim-om) 

Lower Upper Lower Upper
 

0.14595 0.05655 0.12014"
80 0.08835 0.93074 


100 0.07320 0.01942 0.12697 0.04903 0.09736
 

0.03880 0.07923
120 0.05902 0.00690 0.11113 


140 0.04579 -0.00600 0.09758 0.02642 0.06515
 

160 0.03353 -0.01850- 0.08556 0.01352 0.05353
 

180 0.02224 -0.03007 0,07455 0.00151 0.04296
 

200 0.01190 -0.04045 0.06425 -0.00891 0.03271
 

220 0.00253 -0.05960 0.05466 -0.01773 0.02279
 

0.04601 -0.02552 0.01376
240 -0.00588 -0.05777 


0.03883 -0.03362 0.00698
260 -0.01332 -0.06547 


0.03382 -0.04366 0.00404
280 -0.01981 -0.07344 


0.03185 -0.05632 0.00568
.300 -0.02532 -0.08249 
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Table G-31
 

ELECTRICAL RESISTIVITY OF ALUMINUM 7039-T61(1) DURING IRRADIATION
 

Radiation Neutron Electrical Radiation Neutron Electrical 
Exposure 

.(MW-h) 
Fluencea 
(n/cm2) 

Resistivity 
Od-cm) 

Exposure 
(MW-h) 

Fluencea 
(n/cm2 ) 

Resistivity 
(4W-cm) 

2.6 
11.0 
15.7 
16.5 
26.1 

3.74(14) 
1.58(15) 
2.26(15) 
2.38(15) 
3.76(15) 

2.228 
2.228 
2.227 
2.228 
2.229 

945.1 
995.4 
1049.7 
1102.3 
1166.2 

1.36(17) 
1.43(17) 
1.51(17) 
1.59(17) 
1.68(17) 

2.277 
2.281 
2.281 
2.284 
2.285 

31.1 -4.48(15) 2.230 1204.7 1.73(17) 2.289 
34.9 
40.9 
59.0 
63.0 

5.03(15) 
5.89(15) 
8.50(15) 
9.07(15) 

2.230 
2.230 
2.231 
2.224 

1214.3 
-1255.9 
1307.1 
1358.3 

1.75(17) 
1.81(17) 
1.88(17) 
1.96(17) 

2.289 
2.291 
2.294 
2.297 

71.8 
81.0 
82.1 
90.1 

128.3 

1.03(16) 
1.17(16) 
1.18(16 )b 
1.30(16) 
1.85(16) 

2.233 
2.230 
2.227 
2.232 
2.234 

1409.5 
1460.7 
1512.5 
1563.1 
1613.1 

2.03(17) 
2.10(17) 
2.18(17) 
2.25(17) 
2.32(17) 

2.298 
2.302 
2.303 
2.306 
2.307 

164.8 
197.6 
234.8 
'235.0 
237.8 

2.37(16) 
2.85(16) 
3.38(16) 
3.38(16) 
3.42(16) 

2.235 
2.237 
2.238 
2.238 
2.240 

1662.7 
1711.9 
1756.7 
1807.9 
1859.2 

2.39(17) 
2.47(17) 
2.53(17) 
2.60(17) 
2.68(17) 

2.311 
2.314 
2.315 
2.317 
2.319 

273.8 
309.7 
317.2 
373.3 
431.5 

3.94(16) 
4.46(16) 
4.57(16) 
5.38(16) 
6.21(16) 

2.242 
2.245 
2.244 
2.248 
2.251 

1899.1 
1902.4 
1902.4 
1902.4 
1902.4 

2.73(17) 

2 .74 (17)b 
2 .74 (17)b 

2 .74 (17)b 

2 .74 (17)b 

2.320 
2.316 
2.319 
2.318 
2.317 

491.5 
593.6 
610.2 
639.2 
641.3 

7.08(16) 
8.55(16) 
8.79(16) 
9.20(16)b 
9.23(16) 

2.255 
2.259 
2.261 
2.259 
'2.261 

1902.4 
1902.4 
1902.4 
1902.4 
1905.8 

2 .74 (17)b 
2 .74 (17)b 

2 .74 (17)b 

2 .74 (1 7)b 
2.74(17) 

2.318 
2.317 
2.317 
2.315 
2.318 

666.5 
674.1 
674.1 
674.1 
674.1 

9.60(16) 
9.7 1(1 6)b 

9 .7 1(16 )b 
9 ,71 (1 6)b 
9.71(16 )b 

2.263 
2.260 
2.260 
2.260 
2.259 

1925.4 
1960.3 
2000.3 
2046.1 
2080.3 

2.77(17) 
2.82(17) 
2.88(17) 
2.95(17) 
3.00(17) 

2.323 
2.321 
2.325 
2.327 
2.330 

725.7 
777.4 
811.7 
867.8 
902.6 

1.05(17) 
11.12(17) 
1.17(17) 
1.25(17) 
1.3 0 (17 )b 

2.266 
2.270 
2.271 
2.272 
2.271 

2120.3 
2158.6 
2200.3 
2237.1 
2305.0 

3.05(17) 
3.11(17) 
3.17(17) 
3.22(17) 
3.32(17) 

2.331 
2.333 
2.334 
2.338 
2.338 

902.6 1.3 0(17)b 2.270 2309.8 3.33(17) 2.338 
902.6 1.3 0 (1 7)b 2.270 

a Neutron fluence for 1> MeV 
b Reactor at zero power 
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Table G-32
 

ELECTRICAL RESISTIVITY OF ALUMINUM 7039-T61(l): DATA TAREN AT
 
ZERO REACTOR POWER AS A FUNCTION OF RADIATION EXPOSURE
 

Input Data Calculated Data PA Least Squares 

Fluence Resistivity Resistivity Residuals No. Fit Coefficients-,.
 
(1017n/cm2 

) (ohm-cm) (ohm-cm) (input-calc) 

0.0 
1.1800000-01 

2.2249q9F 00 
2.226099E 00 

2.225913F 00 
2.229506F 90 

-5.140305E-04 
-2.5072102-03 

0 
I 

P= CI + C24 

9.200000b-01 
9.7OOOtO-01 
1.2999'.9D 00 

2.259000[ 00 
2.259999E 00 
2.2700000 00 

2.2566471 00 
2.ZSA373E 00 
2.269506F 00 

2.352715F-03 
1.626015F-03 
4.930496E-O 

2 
3 
4 

C1 22.22551E 00 

2.741000) 00 2.31699q2 CO 2.318238E 00 -1.238823E-03 5 
3.3300000 00 _2.337999 C0 2.338205 0 -2.059937E-04 6 C2 = 3.38414E-19 

Statistical Terms
 

Se= 4(ResduIs)2/d.f. 

se 1.819325E-03
 

d.f. = 5 

ta = 2.57 

a = 0.05 

Fluence " - 95% Confidence Limits 95% Confidence Limits 
(017 2 S . on Individuals on the Mean(h-cm)[ Lower Upper 'Lower Upper 

0.0 2.22551F 00 1.04729L-03 2.2.20120 OU 2.23991& 00 2.22282F 00 2.22820E 00
4.0006-01 2.2195F 0n 0.3]JI-04 2.233a5F 01) 2.24425E 00 2.236782 00 2.24132F 00 
3.0002-01 2.252 qE 00 7.57124r- 04 2.2.752E 00 2.257651 00 2.25064F 00 2.25453E 00 
1.200F 00 2.26612E (10 CA92565r-04 2.26112E 00 2.27113C 00 Z.264342 00 2.26790F 001.600F 00 2.27966E 00 7.94535C-04 2.27464E 00 2.22447f 00 2.27785E'00 2.28147C 00
2.0006 0o 2.293200 00 7.901!,-04 2.298101 00 2.29829t 00 2.29116E 00 2.29523F 00
2.400F 00 2.33673F 00 9.29237E-04 2.30148C 00 2.311)8F 00 2.304342 00 2.30912E 00
2.800E o0 2.320270 n0 I.10176-03 2.3148 0c 00 2.32573F 00 2.3171.1E 00 2.32310E 00 
3.200E 00 2.33381C 00 1.29440F-03 2.32807E 00 2.33)54 00 2.33048E 00 2.33713F 00 
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Table G-33
 
ELECTRICAL RESISTIVITY OF ALUMINUM 7039-T61(2); PREIRRADIATION
 

Input Data Calculated Data Run Leas____________________________un____Leas___t Squares 
Temperature Resistivity Resistivity Residuals No. Fit Coefficients 

(oK) (gohm-cm) (pohm-cm) (input-cale) 

7.7390990 01 2.158999E 00 2.142765E 00 1.623440E-02 1. P - C1 + C2T + C3T2 

9.600000D 01 2.355000E 00 2.363324E 00 -8.324623E-03 2 
1.185000D 02 2.62000CE 00 2.630787E 00 -1.078701E-02 3 
1.4050000 02 
1.6950000 02 

2.88400CE 00 
3.2429992 00 

2.8q30O4F 00 
3.239708E 00 

-9.004593E-03 
3.291130E-03 

4 
5 

C1 - 1.23025E 0 

2.0200000 02 
2.2600000 02 

3.62900CE 00 
3.93100C2 00 

3.629680E 00 
3.918624E 00 

-6.799698E-04 
1.237583E-02 

6
7 02 - 1.17344E-02 

2.5250000 02 4.24200G2 00 4.2386222 00 3.377914E-03 8 
2.785000D 02 4.55600C2 00 4.553553E 00 4.446983E-03 9 7.12489E-07 
2.950000D 02 4.742099E 00 4.753914E 00 -1.091480E-02 10C3 

Statistical Terms 

Se - 4I(Residuals)2/d.f. 

-s
= 1.098746E-02
 

d.f. - 7 

ta- 2.36 

=-0.05
 

Temperatureo) ( -)P 5 C n 1 e c m t
Cnflec~m~
S y o9 Individualspe . ' on the Meanpe
:T ~ 

80. 2.17357E 00 7.93032E-03 2.14172E 00 2.20541E 00 2.15509E 00 2.19205E 00
QO. 2.29212E 00 6.57417E-03 2.26190E 00 2.32234E 00 2.27661E 00 2.30764E 00 

100. 2.41082E 00 5.6258qE-03 2.38169E 00 2.43995E 00 2.39754E 00 
 2.424102 00 
110. 2.52966E 00 5.01335F-03 2.50116E 00 2.55816E 00 2.51783E 00 2.54149E 00
120. 2.64864E 00 4.72828F-03 2.62041E 00 2.67687E 00 2.63748E 00 2.65980F 00 
130. 2.76777E 00 4.70836E-03 2.73956E 00 2.79598E 00 2.75666E 00 2.77888E 00 
140. 2.88704E 00 4.85590E-03 2.85869E 30 2.91539E 00 2.87558E 00 2.89850E 00
150. 3.00645E 00 5.07551E-03 2.97708E 00 3.03501E 00 2.99447E 00 3.018432 00 
160. 3.12600E CO 5.29562E-03 3.097212 00 3.15479E 00 3.11350E 00 3.13850E 00 
170. 3.245702 CC 5.46996E-03 3.21673E 00 3.27466E 00 3.23279E 00 3.25861E 00 
180, 3.36553E 00 5,571952-03 3.33646E 00 3.3q4612 00 3.35238E 00 3.37868£ 00 
1q0. 3.489551 CO 5.58890E-03 3.45642E 00 3.51461E 00 3.47232E 00 3.49870E 00 
200. 3.60564E CO 5.510372-03 3.57662E 00 3.63465E 00 3.59261E 00 3.61866E 00 
210. 3.72590E C0 5.37281E-03 3.69704E 00 3.75477E 00 3.71322E 00 3.738582 00 
220. 3.84631E CO 5.17145E-03 1.81765E 00 3.87497E 00 3.83411E 00 3.85852E 00
230. 3.96686E CO 4.95503E-03 3.93842E 00 3.995312 00 3.95517E 00 3.97855E 00 
240. 4.08755E 00 4.78664E-03 4.05027E 00 4.11584E 00 4.07626E 00 
 4.09885E 00 
250. 4.2083qE C 4.75431E-03 4.180142 00 4.23664E 00 4.19717E 00 4.21961E 00260. 4.32937E 00 4,95662F-03 4.300q2E 00 4.357812 00 4.31767E 00 4.34106E 00 
270. 4.4504qE 00 5.468967E-03 4.42152E 00 4.47945E 00 4.43758E 00 4.46339E 00280. 4.571756 CO 6.31550E-03 4.54184E 00 4.601662 00 4.556852 00 4.58666E 00 
290. 4.69?16E 00 7.47850E-03 4.66179E 00 4.72452E 00 4.67551E 00 4.71081E 00 
300. 4.81470E CO 8.922952-03 4.78130C 00 4.849112 00 4.79365E 00 4.83576E 00 
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Table G-34 

ELECTRICAL RESISTIVITY OF ALUMINUM 7039-T61(2):. POSTIRRADIATIN 

Input Data Calculated Data Rn LeastSquares 

Temperature 
(oK) 

Rsistivity 
(gohm-cm) 

Resistivity 
(Pohm-cm) 

Residuals 
(input-calc) 

No. 
. -

FitCoefficients 
." _ 

: P C3T2- CI + C2T + C 
7.739990D 01 
9.7000000 01 
1.0950000 02 

2.290999E 00 
2.535000F 00 
2.686000E 00 

2.298985E 00 
2.530252E 00 
2.677320F 00 

-7.9860692-03 
4.748344.-03 
8.679390E-03, 

1. 
2 
3 C1 = 1.37785E 00 

1.4450000 02 3.094999E 00 3.087372E 00 7.627487E-03 4 
1.7400000 02 
1.9650000 02. 

3.4279Q9E 00 
3.6830002 00 

3.430989F 00 
3.691844E 00 

-2.989769E-03 
-8.844376E-03 

"5 
6 C2 1l.19822E-02 

2.2150000 02 3.97100E 00 3.980435E 00 -7.435799-03 7 
2.5QO000D 0 
2E7150000 02 
2.9550000 02 
3.2600000 02 

4.407000F 00 
.4.5560002 00 
4.825999F 00 
5.17400CE 00 

4.410865F 00 
4.553686P 00 
4.826q82E 00 
5.1725532 00 

-3.865242E-03' 
2.313614E-03 
-9.822845E-04-
1.446724E-03 

8. 
9 
10 
11 

C3 = ..04915E-06 

3.6650OD 02 5.63400CE 00 5.628408F 00 5.591393E-01 12 
4.180000D 02 
4.605000n 02 

6.2179992 
6.660000a 

00 
00 

6.203105E 00 
6.0701782 00 

1.489449E-02 
-1717787 -

13, 
14 

Statistical Terms 

a= E(Residuals)2/d.f. 

,= 8.593880E-03
 

d.f. - II 

to 2.20
 

= 0.05 

rtu " 95% Confidence Limits 95% Confidence Limits
Temperatur-cm)- on Individuals on the Mean

(Pohm-cm) Lower Upper Lower I Upper 

80. 2.32971F CO 5.21052F-03 2.30760E 00 2.35182F 00 2.31825E 00 2.34117E 00 
100. 2.56558E CO 4.25131-Q3 2.54448E 00 2.586612 00 2.55622E 00 2.57493E 00
 
120. 2.80061F 00 3.53763E-03 2.78016F 30 2.82105E 00 2.792822 00 2.80839E 00 
140. 3.03479F CO 3.09130E-03 3.014702 30 3.05489E 00 3.027-99C 00 3.04160E 00 
160.' 3.26814E 00 2.90689F-03 3.2481E 00 3.28810E 00 3.261752 00 3.274542300
180. 3.50066E 00 2.914592-03 3.48069F 00 3.520622 00 3.49424E 00 3.50707E '00
 
200. 7.73233E 00 3.02629E-03 3.712282 00 3.75237E 00 3.72567E 00 3.738982 00 
220. 3.96316E 00 3.16486E-03 3.943012 30 3.983302 00 3.95619E 00 3.97012E 00
 
240. 4.19315E 00 3.280882-03 4.17291F 00 4.213 9E 00, 4.,18593E 00 4.200376 00

260. 4.42230F 00 4 4.44259F 00
3.34927E-03 4.40201E 30 
 4.41493E 00 4.429678 00280. 4.65062. 00 3.36337F-03 4.63031E 00 4.670922 00 4.64322E 00 4.(58022 00
 
300. 4.87809E 00 3.332272-03 4.85781,E 30 4.898372.OQ 4.870762 00 4.88542, 00 
320.. -.10473F 00 3.28154F-03 5.08449F 30 5.12496E 00 5.09751E 00 5.11195E '00
340. 5.33C52 CO 3.25605.-03 5.-31030E 30 5.35074E 00 5.323362 00 5.337682 00
 
360. 5.55548P 00 3.31964E-03 5.53521E 00 5.57575E 00 5.54817E 00 5.562782 00 
380. 5.77q592 00 3.54382E-63 5.75914E 00 5.80005E 00 5.77180E 00 5.78739E 00400. 6.00207E O0 3.984252-03 - 5.98203F 30 6.02371E 00 5.99411E 00 6.01164 00 
420. 6.225312 00 4.66288E-03 6.20380E 00 
 6.246822 00.- 62505- 00 6.23557E -00
440. 6.44691F 00 5.57312F-03 6.4238F 00 6.46944E 00 6.434652 00 6.4591,7E 00
460. 6.667672 00 6.69644F-03 6.643702 00 6.691642 00 6.65294E 00 6.68240E 00 
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Table G-35 

ELECTRICAL RESISTIVITY OF ALUMINUM 7039-261(2) :- POSTIRRADIATION-ANNEAL DATA TAKN 
AT LN2 TEPERATURE AFTER EACH TEMPERATURE STEP OF ANNEAL 

Input Data Calculated Data Rn Least Squares 

Temperature . Resistivity Resistivity Residuals No. Fit Coefficients 
("qK) (p1ohm-cxa) (pohmn-cm) (input-cale)

7 73909QD 01 2.290999E 00 2.293102E 00 -2.102852E-01 I P - CI + C2T + C3T
2 

9.7000003 01 2.287999E 00 2.2810261 00 6.973267E-03 2 
1.095000D 02 2.280000E 00 2.2734705 00 6.5298091-03 3 
1.4450000 02 2.263000E 00 2.252011E 00 1.0088921-02 4 C- 2.34350E 00 
1.7400000 02 2.228999E 00 2.236268F 00 -7.268906E-03 5 
1.965000D 02 
2.215000D 02 
2.590000D 02 
2.7150OOD 02 
2.955000D 02 

2.20400C 00 
2.1980001 00 
2.18899qF 00 
2.18600C2 00 
2.176999E 00 

2.223996E 00 
2.210791E 00 
2.191825E 00 
?.185729E 00 
2.174340E 00 

-1.999664E-02 
-1.279068E-07 
-2.825737E-03 

2.7084351-04 
2.658844E-03 

6 
7 
8 
9

10 . 

C2 - -6.79007-04 

3- 3.60622E-07 

3.2600000 02 
3.6650000 02 

2.16q992 00 
2.15800CE 00 

2.160467E 00 
2.143081F 00 

9.531975E-03 
1.4919281-02 

11 
12 

4.1800000 02 2.136999E 00 2,122682E 00 1.431751E-02 13 
4.605000D 02 2.087000E 00 2.1072881 00 -2.028847E-02 14 

Statistical Terms 

B - X(Residuals) 2 /d.f.e 


= 1.264537E-02
de 

d.f. - 11
 

ta = 2.20 

a - 0.05 

95% Confidence Limits 95% Confidence Limits 
Temperature p S; p. Individuals on the Mean 

- (OK) (Phm-cm) Lower Upper Lower -Upper 

80 2.29148E 00 7.66697E-03 2.25895E 30 2.32402E 00 2.274622 00 2.308351 00 
100. 2.27920E 00 6.25554E-03 2.24815E 00 2.31024E 00 2.26544E 00 2.29296E 00 
120. 2.26721E 00 5.205401-03 2.23712E 00 2.29729E 00 2.25576E 00 2.27866E 00 
140. 2.25550E 00 4.55160E-03 2.22 94E 30 2.28507E 00 2.24549E 00 2.265521 00 
160. 2.24409E 00 4.27731F-03 2.21472E 00 2.273466 00 2.23468E 00 2.25350E 00 
180. 2.23296E 00 4.28864E-03 2.203581 00 2.26234E 00 2.22352E 00 2.24239E 00 
200. 2.22212E 00 4.453002-03 2.19263E 30 2.25161E 00 2.212321 00 2.231922 00 
220. 2.21157F 00 4.65690E-03 2.181921 00 2.24122F 00 2.20132E 00 2.22181E 00 
240. 2.20131E 00 4.827622-03 2.17153E 00 2.231081 00 2.19069E 00 2.21193E 00 
260. 2.19131E 00 4.92824F-03 2.16148E 30 2.221191 00 2.18049E 00 2.20218E 00 
280. 2.18165E 00 4.949002-03 2.15177E 00 2.21152E 00 2.17076E 00 2.19254E 00 
300. 2.17225E 00 4.90323F-03 2.14241E 30 2.20209F 00 2.16146E 00 2.183041 00 
320. 2.163142 00 4.82859E-03 2.13336E 30 2.192921 00 2.15252E 00 2.17377E 00 
340. 2.154321 00 4.79108E-03 2.12457F 00 2.18407E 00 2.14378E 00 2.16486E 00 
360. 2.14579E 00 4.88465E-03 2.11597E 00 2.17561E 00 2.135041 00 2.15654F 00 
380. 2.13755E 00 5.21451E-03 2.10746E 30 2.167641 00 2.12608F 00 2.149022 00 
400. 2.12959E 00 5.86259E-03 2.09893E 30 2.16026E 00 2.11670E 00 2.14249E 00
 
420. 2.12193F 00 6.86115E-03 2.09028F 30 2.15358E 00 2.106831 00 2.13702E 00
 
440. 2.11455E 00 8.20050F-03 2.08139E D0 2.14771E 00 2.09651E 00 2.13259E 00 
460. 2.10746E 00 9.853421-03 2.07219E 30 2.14273E 00 2.085781 00 2.12914E 00 
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Table G-37 

ELECTRICAL RESISTIVITY OF ALUMINUM 7039-T61(2) DURING IRRADIATION
 

Radiation Neutron Electrical Radiation Neutron Electrical 
Exposure 
(MW-h) 

Fluencea 
(n/cm2) 

Resistivity-
Ufl-cm) 

Exposure 
(MW-h) 

Fluencea 
(n/cm2) 

Resistivity 
(an-cm) 

2.6 3.74(14) 2.163 945.1 1.36(17) 2.223 
11.0 1.58(15) 2.157 995.4 1.43(17) 2.218 
15.7 2.26(15) 2.161 1049.7 1.5117) 2.227 
16.5 2.38(15) 2.162 1102.3 1.59(17) 2.230 
26.1 3.76(15) 2.165 1166.2 1.68(17) 2.234 

31.1 4.48(15) 2.165 1204.7 1.73(17) 2.234 
34.9 5.03(15) 2.166 1214.3 1.75(17) 2.237 
40.9 5.89(15) 2.163 1255.9 1.81(17) 2.241 
59.0 8.50(15) 2.167 1307.1 1.88(17) 2.249 
63.0 9.07(15) 2.162 1358.3' 1.96(17) 2.247 

71.8 
81.0 

1.03(16) 
1.17(16) 

2.168 
2.166 

1409.5 
1460.7 

2.03(17) 
2.10(17) 

2.251 
2.250 

82.1 1.18(16)b 2.165 1512.5 2.18(17) 2.254 
90.1 1.30(16) 2.169 1563.1 2.25(17) 2.255 

128.3 1.85(16) 2.169 1613.1 2.32(17) 2.257 

164.8 2.37(16) 2.170 1662.7 2.39(17) 2.261 
197.6 2.85(16) 2.175 1711.9 2.47(17) 2.267 
234:8 3.38(16). 2.176 1756.7 2.53(17) 2.269 
235.0 3.38(16) 2.177 1807.9 2.60(17) 2.270 
237.8 3.42(16) 2.177 1859.2 2.68(17) 2.275 

273.8 3.94(16) 2.181 1899.1 2.73(17) 2.274 
309.7 4.46(16) 2.182 1902.4 2 .74(17)b 2.269 
317.2 4.57(16) 2.186 1902.4 2 .74 (17)b 2.256 
373.3 
431.5 

5.38(16) 
6.21(16) 

2.186 
2.192 

1902.4 
1902.4 

2 .74 (1 7 )b 
2.74(17)b 

2.269 
2.269 

491.5 7.08(16) 2.196 1902.4 2 .74 (17 )b 2.197 
593.6 8.55(16) 2.206 1902.4 2 .74 (17 )b 2.269 
610.2 8.79(16) 2.205 1902.4 2 .74 (17 )b 2.269 
639.2 9 .20(16 )b 2.200 1902.4 2 .74 (1 7)b 2.273 
641.3 9.23(16) 2.203 1905.8 2.74(17) 2.272 

666.5 9.60(16) 2.203 1925.4 2.77(17) 2.275 
674.1 9.71(16 )b 2.202 1960.3 2.82(17) 2.275 
674.1 9.71 (16 )b 2.203 2000.3 2.88(17) 2.289 
674.1 9.7 1 (l6 )b 2.203 2046.1 2.95(17) 2.280 
674.1 9 .71(16 )b 2.202 2080.3 3.00(17) 2,283 

725.7 1.05(17) 2.210 2120.3 3.05(17) 2.282 
777.4 1.12(17) 2.214 2158.6 3.11(17) 2.286 
811.7 1.17(17) 2.217 2200.3 3.17(17) 2.286 
867.8 1.25(17) 2.217 2237.1 3.22(17) 2.288 
902.6 1.30(17)b 2.219 2305.0 3.32(17) 2.294 

902.6 1.30(17)b 2.215 2309.8 3.33(17) 2.293 
902.6 1.30(1 7)b 2.215 

a Neutron Fluence for 1> MeV
 
b Reactor at zero power
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Table G-36
 

'ELECTRICAL RESISTIVITY OF'ALUMINUM 7039T61,(2);
 
CHANCE FROM PREIRRADIATION TO POSTIRRADIATION
 

95% Confidence Limits 
Temp AP on Individuals - on the Mean95% Confidence timits 

(OKt) (gohm-cm) 

Lower Upper 
 Lower Upper
 

0.13728 0.17499
80 0.15614 0.12196 0.19031 


0.14041 0.16910
100 0.15476 0.12285 	 0.18666 


0.18289 0.13996 0.16397
120 0.15197 0.12104 


0.15923
0.17847 0.13626
140 0.14775 0.11702 


160 0,14214 0.11127 0.17300 0.13027 0,15400
 

0.12283 0.14742
180 0.13513 0.10409 0.16616 


0.1432 0.13905
200 ,0.12669 	 0.09562 0.15775 


0.08591 0.14:778 0.10480 0.12889

220 0.11685 


240 0.10560 0.07480 0.13639 0.09392 0.11727
 

0:08091 0.10494
260' 0.09293 0'06200 	 0.12385 


280 0.07887 0.0411 	 0.11062 0.06485 0.09288
 

0.09716 0.04525 0.08152
300 0.06339 	 0;02961 
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Table G-38 
ELECTRICAL RESISTIVITY OF ALUMINUM 7039-T61(2): DATA TAKEN AT 

ZERO REACTOR POWER AS A FUNCTION OF RAbIATION EXPOSURE 

Input Data Calculated Data Run Least Squares 

Fluence 
(1017 n/cm2 ) 

0.0 

Resistivity Resistivity 
(pom-cm) (pohm-cm) 

- -I1 
?.158999r 00 2.162244E 00 

Residuals 
(input-calc) 

-3.284454E-03 

No.-

0 

" it. Coefficients 

P.- C, + C20 
P C 

1.181000-01 
9.200000[-01 
9.710000[j-01 
1.29)9991) 00 
2.7400000 00 
3.33l00OU 00 

2.165000E 00 
2.200OCOE 00 
2.a024q9E 00 
2.216299C 00 
2.260300[ 00 
2.29299S 00-

2.166814E 00 
2.197606F 00 
2.199565E 00 
2.212196E 09 
2.257485POn 
Z.290138E 00 

-1.8138119E-03 
2.393723E-03 
2.934456E-03 
4.102707E-03 

-7.18492E-03 
2.861043E-03 

I 
2 
3 
4 
5 
6 

C1 

2 

2.16228 00 

3.83947E-19 

Statistical Terms 

4f(Residuals) 
2 /d.f. 

S e - 4.583891E-03 

d.f. - 5 

to -2.57 

a - 0.05 

Fluence 2) P S 95on Ifenendividualss "5 nieeonthe Mean~iis 

(1017 n/cm (gohm-cm) Lower Upper Lower. Upper 

0.0 
4.00E-01 
o.oOoe-oi 
1.Z00& 00 
L.600E 00 
2.000 00 
2.400E 00 
2.300C 00 
.. 20OF f0 

2.10228E 00 
?.17764h 00 
2.19300E 00 
?.20836C 00 
2.2237H£ 00 
2.23907F 00 
2.25443F 00 
2.26979F 00 
2.28515E 00 

2.61870q-03 
2.225)2P-03 
1.90-)13-03 
1.7449qb-03 
1.7750=-03 
1.99079F-03 
2.34!126C-02 
2.775)4-03 
3.26132-C3 

2. 4361 00 
2.16455E 00-
2.18024E 00 
2.1'95791 00 
2.21108E 00 
2.22623E 00 
2.24120F 00 
2.25602F 00 
2.27069C 00 

2.175a 00 
2.19974 00 
2.20576C 00 
2.22076t 00 
2.27335r 0 
2.25172C 00 
2.26766E 00 
2.29396C 00, 
2.299b01 00 

2.15550E 00 
2.17192E 00 
2.l880S( 00 
2.20387E 00 
2.71915E 00 
2.23396E 00 
2.24841E 00 
2.26265E 00 
2.27676 00 

2.16906F 00 
2.18336E 00 
2.19790E O0 
2.21284F 00 
Z.22828 00 
2.24419 00 
2.26045E 00 
2$27692F 00 
2.29353E 00 

457
 



Table G-39 

ELECTRICAL RESISTIVITY OF A-286 STEEL: PREIRRADIATION 

Input Data Calculated Data . Run . Least Squares 

Temperature Resistivity Resistivity Residuals No. Fit Coefficients 

(OK) Cpohm-cm) __(pohn-om) (input-cabc)-

7.739999D 01 7.6310CO 01 7.618828F 01 1.217194E-01 I 1 
+ 

C2T 
+ 

C3T2 

9°4000000 01 7.785999E 01 7.787509E 01 -1.510620E-02 2 
L.1900000 02 7.975000E 01 7.988042E 01 -1.304169E-0l 3 
1.4100000 021.7150000 02 

8.162999E 01,
8.407999E 01 

8.171577E 01 
8.412428F 01 

-3.528137E-02 
-4.429626F-02 

4 
5 

C1 6.85437E 01 

2.0350000 02 
2.2900000 02 

8.659999E 01 
8.8390C02 01 

8.648349C 
8.824008E 

01 
01 

1.1650091-01 
1.499176E-01 

6 
7 

C2 - L05280E-01 

'2.5550000 02 8.992999E 01 8.994963E 01 -1.963806E-02 8 
2.820000D 02 9.1420COE 01 9.154099E 01 -L.209869F-01 9 
2.9850000 02 9.2500C02 01 9.2472128 01 2.7877812-02 10 03 -

Statistical Terms 

Se- - '(Reiduas) 2 /d. f. 

s - 1.153477E-01e 


d.f. - 7 

t, - 2.36 

a 70.05 

9%Confidence Limits 95%7ofiec LimitsTemperature P on Individuals on the Mean 
(OK) Lower Upper Lower Upper 

80. 7.64276E 01 8.205159-02 7.63935F 01 7.67616E 01 7.62339E 01 7.66212E 01 
90. 7.73373F 01 . 6.90813E-02 7.70200E 01 7.76546E 01 7.71143E 01 7.75004E 01 
100. -7.82302E 01 5.92356F-02 1.79242E 01 7.853632 01 7.80904[ 01 7.83700E 01
 
110. 7.91063E (01 5.2807?E-02 7.d30692 01 7.94057E 01 7.89817E '01 7.92310F 01
 
120. 7.996562 01 A.97299F-02 7.96691E 01 8.026202 01, 7.98482E 01 8.00829E 01
 
130. 8.08080E 01 4.940072-02 8.051192 01 8.110422 01 8.06914E 01 8.09246V 01
 
140. 8.16336E 01 5.084842-02 8.13361C 01 8.19311C 01 8.15136E 01 8.17536E 01
 
150. 8.24424E CI 5.31029E-02 8.21427b 01 8.27-421E 01 8.2317-1E 01 5.25677E 01
 
160. 8.32313E- 01 5.54221E-02 8.29323E 01 8.35363E 01 8.31035E 01 8.33651E 01 
170. 8.40095E 01 5.73173F-02 6.37055E 01 8.431342 01 d.38742E 01 8.41447E 01 
180. 8.476786 01 5.85010E-02 8.44625E 01 8.50730E 01 8.46297E 01 8.49058E 01
 
190. 8.55092E 01 5.88209&-02 8.52036E 01 8.5b148F 01 8.53704E 01 8.56480E 01
 
200. 8.62338E 01 5.82644E-02 8.59288F 01 8.65338E (11 8.60963E 01 8.63714E 01
 
210. 8.69416E 01 5.68929E-02 8.66381E 01 8.72452F 01 8.68074E 01 8.70759E 01
 
220. 8.76326E 01 5.48936E-02 8.73311F 01 8.79341F 01 8.75031E 01 8.77622E 01
 
230. . 883067F 01 5.26265E-02 3.80015E 01 8.860602 01 8.81825E 01 8.84309E 01 
240. 8.89641E 01 5.06582F-02 4.96667E 01 8.926142 01 8.884452 01 8.90836E 01
 
250. 8.960452 01 4.98073F-02 8.93080E 01 8.99010E 01 8.94870E 01 3.97221E 01
 
260. 9.02282E 01 5.10715F-02 9.99305E 01 9.05259E 01 9.01077E 01 9.03487E 01
 
270. 9.0835C 01 5.53099E-0? 9.05331E 01 9.113692 01 9.07045E 01 9.09655E 01
 
280. 9.14250E 01 6.293802-02 9.111402 01 9.17351 01 9.12765E 01 9.15735E 01
 
290. 9.199822 01 7.38820F-02 9.16749E 01 9.23214E 01 q.182382 01 9.21725E 01
 
300. 9.25545E 01 8.7819-02 9.22124. 01- 9.20966E 01 9.23472E 01 9.27617C 01
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Table G-40
 

ELECTRICAL RESISTIVITY OF A-286 STEEL: POSTIRRADIATION
 

Input Data Calculated Data Run Least Squares
 T 

Temperature Resistivity Resistivity Residuals No. " Fit Coefficients
 

(OK) (Pohm-cm) (pohm-cm) (input-calc) 

'7.7399990 01 7.6230006 01 7.635333F 01 -1.233368E-01 1 p = Ci + C2 T + C3 T
2 

9.9000000 01 7.828999E 01 7.826317E 01 2.6824952-02 2 
1.1150000 02 
1.455000D 02 

7.939000E 01 
8.225000E 01 

7.934590E 01 
8.220743F 01 

4.4097902-02' 
4.257202E-02 

3 
4 

C1 = 6.91052E 01 

1.7550000 02 8.46799S6 01 8.463095F 01 4.-04175E-02 5 
1.9900000 02 
2.2350000 02 

8.64599SE 01 
8.82300CE 01 

9.6462972 01 
8.831088C 01 

-2.97546 -03
-8.088684F-02 

6
7 

C2 = 9.77321E-02 

2.620000D 02 9.10990% 01 9.108665E 01 1.333618E-02 8 
2.750000D 02 
2.990000D 02 

9.207999E 01 
9.3670002 01 

9.190459E 01 
9.360681E 01 

9.140015E-02 
6.318665E-02 

q C 
C3

-5.27987E-05 

3.3000000 02 9.56799qE 01 0.5606982 01 7.301331E-02 11 
3.7050000 02 9.8090002 01 9.806720F 01 2.279663E-02 12 
4.2150000 02 1.002800E 02 1.o009189E 02 -6.389008E-01 13 
4.6450000 02 1.0353002 02 1.03109a8 0? 4.201508-0l 14 

Statistical Terms 

s e = 4r(Residuals)2 /d.f. 

s = 2.396476E-01
 e 


d.f. = 11 

to = 2.20 

a - 0.05 

TeprtpS795%. Confidence Limits 957' Confidence Limitsa
Temperature P S on Individuals on the Mean 

Lower Upper Lower [ Upper 

80. 7.65359 01 1.46749E-01 7.99676F 01 7.72040E 01 7.62630E 01 7.690872 01
 
100. 7.83504E 01 1.19895F-01 7.776086 01 7.89390E 01 7.808662 01 7.861422 01
 
120. 8.00727E C1 9.97437E-02 7.9501AF 01 8.06438E 01 7.985336 01 8.02921E 01
 
140. 8.175282 01 8.69710F-02 8.11919E 31 8.23137E 01 8.15615E 01 8.19441E 01
 
160. 8.33007E 01 9.13484S-02 8.28339E 31 8.39474E 01 8.32117E 01 8.35696E 01
 
180. 8.49863E 01 9.12256E-02 8.44296E 01 8.55429E 01 8.48076E 01 8.51650E 01
 
200. 8.653962 C1 8.41576E-02 8.59809F 01 8.70984E 01 8.63545E 01 8.67248E 01
 
220. 8.805086 Cl 8.79844F-02 1.74891F 01 8.86124E 01 8.78572E 01 8.82443E 01
 
240. -.951976 C1 9.12876E-0? 3.89555E 01 9.008382 01 8.931886 01 8.97205E 01
 
260. q.094632 01 9.332412-02 9.03805E 31 9.15121E 01 9.07410E 01 9.11516E 01
 
280. 9.23307E 01 9.38613E-02 9.17645 31 9.28969E 01 9.21242E 01 9.25372E 01
 
300'. q.36729E G1 9.309282-02 9.31073E 31 9.42385E 01 0.34681E 01 9.38777E 01
 
320. 0.497292 01 9.165352-0? 9.44084E 31 -.553738 01 9.47712 Bi 9.517458 01
 
340. q.623056 C1 9.06919E-02 9.546686 31 9.67943E 01 9.60310E 01 9.64301E 01
 
360. 9.74460F 01 9.13859r-02 9.688136 31 9.801066 01 9.72439E 01 9.76481E 01
 
380. 9.86192E Cl 9.72013F-02 9.80503E 01 0.91882E 01 0.840546 01 9.883312 01
 
400. 9.975022 01 1.08281E-01 9.91717E 31 1.00329E 02 9.95120E 01 9.99884E 01
 
420. 1.00839E 02 1.25888F-01 1.00243E 32 1.014342 02 1.00562E 02 1.01116E 02
 
440. 1.01889E 02 1.499412-01 1.01264F 02 1.02507E 02 1.01556E 02 1.022152 02
 
460. 1.028900 02 1.799581-01 1.02230C 02 1.03549E 02 1.02494F 02 1.03286E 02
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Table G-41 

ELECTRICAL RESISTIVITY OF A-286 STEEL: POSTIRRADIATION-ANNEAL DATA TAKEN AT 
Lq2 TEMPERATURE AFTER EACH, TEMPERATURE STEP OF ANNEAL 

Input Data 	 Calculated Data Run Least Squares 

Temperature Resistivity Resistivity Residuals No. Fit Coefficients 
(OK) (pohm-cm) ('ohm-cm) (input-alc) 

1 2T 3 
7.642316E 01 -3.158569E-03 

4.645000D 02 7.642000E 01 	 14 

9.900000D 01 7.660999E 01 7.661424E 01 -4.257202E-03 2 
1.1150000 02 7.659999E 01 7.660155E 01 -1.556396E-03 3 
L.4550000 02 7.657999E 01 7.656926E 01 1.072693E-02. 4 "l 7.67301E-01 
1.1550000 02 7.653999E 01 7.654343E 01 -3.4332282-03 5 
1.9900000 02 7.653000E 01 7.652496E 01 5.035400E-03 6 
2.235000D 02 7.650999E 01 7.650734E 01 2.655029E-03 7 C2 -1.30793E-03 

2.620000D 02 7.646999E 01 7.648303E 01 -1.304626E-02 8 
2.7500000 02 7.6469992 01 7.647574E 01 -5.752563E-03 9 
2.9900000 02 7.646999E 01 7.646355E 01 6.439209E-03 10 C3 - 1.39341E-06 
3.300000D 02 7.645000E 01 7:645018E 01 -1.831055E-04, 11 
3.705000D 02 7.643999E 01 7.643675E 01 3.234863E-03 .- 12 
4.215000D 02 7.642999E 01 7.642632E 01 3.6773682-03 13 

Statistical Terms 

s e 4Ecesiduals) 2 /d.f. 

se - 6.77172E-03
 

d.f. - 10 

ta = 2.23 

a - 0.05 

Teprt 	 957, Confidence Limits 957. Confidence Limits 
( p'PTemperaturerK) . mm) S on Individuals 	 on the MeanLower Upper Lower Upper
 

80. 7.663432 01 5.332452-03 7.66151E 01 7.66535E 01 7.66224E 01 -7.66462E 01 
100. 7.66132E 01 4.32518-03 7.65953E 01 7.66311E 01 7.66035E 01- 7.66228E 01 
120. 7.65932E 01 3.50512E-03 7.65762E 01 7.6610ZE 01 7.658532 01 7.66010E 01 
140. 7.65742E 01 2.89895E-03 7.65578E 01 7.65907E 01 7.65678E 01 7.65807E 01 
160. 7.655652 01 2.52730E-03 7.65403E 01 7.65726E 01 7.65508E 01 7.65621E, 01 
180. 7.65398E 01 2.37799E-03 7.652382E01 7.65558E 01 7.65345E 01 7.65451E 01 
200. 7.65242E'01 2.39141E-03 7.65082E 01 7.65402E 01 7.65189E 01 7.65295E 01 
"220. 	 7.65098F 01 2.48686E-03 7.649372 01 7.65258E 01. 7.650422 01 7.65153E 01 
240z 7.64964E 01 2.59810E-03 7.64802E 01 7.651262 01 7.64906E 01 7.65022E'01 
260. 7.64842E 01 2.68461E203 7.64679E 01 7.65004E 01 7.64782E 01 7.64902E 01 
280. 7.64731E 01 2.72768E-03 7.64568E 01 7.64893E 01 .7.64670E 01 7.64792E 01
 
300. 7.64631E 01 2.72526E-03 7.64468E 01 7.64794E 01 7.64570E 01 7.64692E 01
 
320. 7.64542E 01 2.69043E-03 7.64380E 01, 7.64704E 01 7.64482E 01 7.64602E 01
 
340. 7.64464E 01 2.65297E-03 7.64302 01 7.64626E 01 7.64405E 01 7.64523E 01
 
360. 7.64398E 01 2.66148E-03 7.64236E 01 7.64560E 01 7.64339E 01 . 7.64457E 01 
380. 7o643422.01. 2.779272-03 7.64179E 01 7.64506E 01 7.64280E 01 7.64404E 01
 
400. 7.64298E 01 3.06661E-03 7.64132E 01 7.64464E 01 7.64230E 01 7.64367E 01
 
420. 7.64265E 01 3.55798E03 7.640952 01 7.64436E 01 7.64186E.01 7.64344E 01
 
440. 7.64243E 01 4.256642-03 7.64065E'01 7.64422E 01 7.64148E 01 7.64338E 01 
460. 7.64232E 01 5.14841E-03 7.64043E 01 7.64422E 01 7.64118E 01 7.64347E.01 

460
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Table G-42 

ELECTRICAL RESISTIVITY OF A-286 STEEL: 
CHANGE FROM PREIRRADIATION TO POSTIRRADIATION 

(OK) ( Pom-em) 
95% Confidence Limits 

on Indiividuals 
95% Confidence Limits, 

on the Mean 

Lower Upper Lower Upper 

80 0.15820 -0.55743 0.87383 Q.23758 0.55398 

100 0.12020 -0.54827 0.78867 -0.18206 0.42246 

120 0.10710 -0.54045 0.75465 -0.14554 0.35974 

140 0.11920 -0.52379 0.76219 -0.12153 0.35993 

160 0.15640 -0.48936 0.80216 -0.09162 0.40442 

180 0.21850 -0.43083 0.86783 -0.03867 0.47567 

200 0.30580 -0.34440 0.95600 0.04642 0.56517 

220 0.41820 -0.22964 1.06604 0.16479 0.67160 

240 0.55560 -0.08904 1.20024 0.31050 0.80069 

260 0.71810 0.07211 1.36408 0.46950 0.96.669 

280 0.90570 0.24564 1.56575 0.62252 1.18887 

300 1.11840 0.42173 1.81506 0.75804 1.47875 

461
 



Table G-43 

ELECTRICAL RESISTIVITY OF A-286 DURING IRRADIATION
 

Radiation 
Exposure 
(MW-h) 

Neutron 
Fluen ea 
(n/cm ) 

Electrical 
Resistivity 

&-cm) 

Radiation 
Exposure 
(MW-h) 

Neutron 
Fluencea 
(n/cm2) 

Electrical 
Resistivity 
(gi- cm) 

2.6 
11.0 
15.7 
16.5 
'26.1 

. 3.74(14) 
1.58(15) 
2.26(15) 
2.38(15) 
3.76(15) 

76.70 
76.54 
76.55 
76.57 
76.59 

945.1 
995.4 

1049.7 
1102.3 
1166.2 

1.36(17) 
1.43(17) 
1.51(17) 
1.59(17) 
1.68(17)" 

77.20 
77.19 
77.31 
77.24 
77.23 

31.1 
34.9 
40.9 
59.0 
63.0 

4.48(15) 
5.03(15) 
5.89(15) 
8.50(15) 
9.07(15) 

76.59 
76.59 
76.59 
76.61 
76.30 

1204.7 
1214.3 
1255.9 
1307.1 
1358.3 

1.73(17) 
1.75(17) 
1.81(17) 
1.88(17) 
1.96(17) 

77.25 
77.24 
77.31 
77.31 
77.32 

71.8 
81.0 
82.1 
90.1 

128.3 

1.03(16) 
"1.17(16) 
1.18(16)b 
-1.30(16)-
1:85(16) 

76.60 
76.33 
76.33 
76.63 
76.61 

1409.5 
1460.7 
1512.5 
1563.1 
-1613.1 

2.03(17) 
2.10(17) 
2.18(17) 
2.25(17) 
2.32(17) 

77.34 
77.33 
77.33 
77.34 
77.28 

164.8 
197.6 
234.8 
235.0 
237.8 

2.37(16) 
2.85(16) 
3.38(16) 
3.38(16) 
3.42(16) 

76.57 
76.57 
76.49 
76.39 
76.57 

1662.7 
1711.9 
1756.7 
1807.9 
1859.2 

2.39(17) 
2.47(17) 
2.53(17) 
2.60(17) 
2.68(17) 

77.28 
77.25 
77.37 
77.32 
77.37 

273.8 
309.7-
317.2 
373.3 
431.5 

3.94(16) 
4.46(16) 
4.57(16) 
5.38(16) 
6.21(16) 

76.60 
76.65 
77.20 
77.18 
77.21 

. 

1899.1 
1902.4 
1902.4 
1902.4 
1902.4 

2.73(17) 
2 .74 (17)b 
2 .74 (17)b 

2 .74 (17)b 
.2 .74 (17)b 

77.35 
76.55 
76.57 
76.56 
76.64 

491.5 
593.6 
610.2 
639.2 
641.3 

7.08(16) 
8.55(16) 
8.79(16) 
9.2 0(16 )b 
9.23(16) 

77.24 
77.35 
77.35 
76.40 
76.68 

1902.4 
1902.4 
1902.4 
1902.4 
1905.8 

2.74(17)b 
2.74(17) 
2.74 (17 )b 

2 .74 (17)b 
2.74(17) 

76.56 
76.55 
76.54 
76.50 
76.82 

666.5 
674.1 
674.1 
674.1 
674.1 

9 . 6 0(16)b 
9.71(16)b 

9 .71(16 )b 
9.71(16 )b 

9 .7 1 (1 6)b 

76.76 
76.40 
76.41 
76.39 
76.39 

1925.4 
1960.3 
2000.3 
2046.1 
2080.3 

2.77(17) 
2.82(17) 
2.88(17) 
2.95(17) 
3.00(17) 

76.93 
76.98 
77.03 
77.00 
77.00 

725.7 
777.4 
811.7 
867.8 
902.6 

1.05(17) 
1.12(17) 
1.17(17) 
1.25(17) 

1 .30(1 7)b 

77.12 
77.10 
77.12 
77.13 
76.44 

2120.3 
2158.6 
2200.3 
2237.1 
2305.0 

3.05(17) 
3.11(17) 
3.17(17) 
3.22(17) 
3.32(17) 

76.99 
76.93 
76.95 
76.93 
76.96 

902.6 
902.6 

1 .3 0 (17 )b 
1.3 0(17)b 

76.42 
76.43 

2309.8 3.33(17) 77.00 

a Neutron fluence for 1 >MeV 
b Reactor at zero power 
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Table G-44 

ELECTRICAL RESISTIVITY OF STAINLESS STEEL 347: PREIRPADIATION 

Input Data Calculated Data Run Least Squares 

Temperature Resistivity Resistivity Residuals No. Fit Coefficients
 
(OK) (pohm-cm) (pohm-cm) (input-calc) 

7.739999D 01 
9.600000D 01 

5.7099996 01 
5.889000E 01 

5.705925E 01 
5.895422E 01 

4.0740976-02 
-6.422424E-02 

LC 
2 

p + C2T + C3T2 

1.185000D 02 
1.410000D 02 

6.1159996 01 
6.3439996 01 

6.1210536 01 
6.3427416 01 

-5.0537116-02 
1.2573246-02 

3
4 CI 4.88843E 01 

1.705000D 02 6.639999E 01 6.6274256 01 1.257477E-01 5 
2.0250000 02 6.9450006 01 6.9285696 01 1.6430666-01 6 C = 1.08634E-01 
2.280000D 02 7.1250006 01 7.162833E 01 -3.783264E-01 7 
2.5400000 02 
2.8050000 02 
2.9700000 02 

7.410999E 01 
7.625999E 01 
7.7750C06 01 

7.396477E 01 
7.6291956 01 
7.771330E 01 

1.4521796-01 
-3.195190E-02 
3'669739E-02 

8 
9C

10 3 - -3.89444E-05 

Statistical Terms
 

se = 4f(Residuals)2/d.f. 

se = 1.764297E-01 

d.f. - 7 

ta = 2.36 

a - 0.05 

Temperature 95% Confidence Limits 95% Confidence LimitsTeprtr. ( p S on Individuals on the Mean 
(OK) a-=) Lower Upper Lower Upper 

80. 5.732576 01 1.25544E-01 5.68147E 01 5.783686 01 5.70294E 01 5.76220E 01
-90. 5.83459E 01 1.05567E-01 5.78607E 01 5.8831L6 01 5.809676 01 5.859506 01L0. 5.935826 01 9.044626-02 5.889036 01 5.982616 01 5.914486 01 5.95717E 01 
110. 6.03628E 01 8.06236E-02 5.90050E 01 6.08206E 01 6.017256 01 6.05530 01 
120. 6.13596E 01 7.59832E-02 6.090626 01 6.18129E 01 6.118026 01 6.153896 01130. 6.234856 01 7.55682E-02 6.189566 01 6.28015E 01 6.217026 01 
 6.252696 01 
140. 6.33297E 01 7.78564E-02 6.28746E 01 6.37848E 01 6.314606 01 6.35134E' 01 
150. 6.430316 01 8.134376-02 6.384466 01 6.47616E 01 6.41112E 01 
 6.44951E 01

160. 6.52687E 01 8.488946-02 6.480676 01 6.57308F 01 6.506846 01 6.546916 01 
170. 6.62265E 01 8.774886-02 6.576156 01 6.669166 .01 6.601956 01 6.64336E 01

180. 6.71766E 01 8.94865E-02 6.670976 01 6.76434F 01 6.696546 01 6.738786 01
190. 6.81188E 01 8.98926E-02 6.76515E 01 6.85861E 01 6.790676 01 6.833106 
01
 
200. 6.905336 01 8.892456-02 6.858706 01 6.95195E 01 6.884346 01 6.926316 01
 
210. 6.99800E 01 8.67137E-02 6.951606 01 7.04439F 01 6.977536 01 7.018466 01
 
220. 7.089886 01 8.358116-02 
 7.04381E 01 7.135966 01 7.07016E 01 7.109616 01

230. 7.18099E 01 8.01011E-02 7.13526E 01 7.22672C 01 7.16209E 01 7.19989E 01
240. 7.27132E 01 7.72129E-02 7.22587E 01 7.31677E 01 7.253106 01 7.28954E 01
 
250. 7.360876 01 7.623036-02 7.31552E 01 7.40623E 01 7.342886 01 7.378866 01 
260. 7.44965E 01 7.871206-02 7.40405E 01 7.49524E 01 7.431076 01 7.46822E 01 
270. 7.53764E 01 8.592682-0Z 7.49133E 01 
 7.58395E 01 7.517366 01 7.55792E 01
 
280. 7.62485E 01 9.841736-02 7.577186 01 7.672536 01 7.60163E 01 7.648086 01
290. 7.7L1296 01 1.15987E-01 7.66146E 01 7.761126 01 7.683926 01 7.73866E 01
300. 7.79695E 01 1.381056-01 7.744076 01 7.841826 01 7.76435E 01 7.82954E 01 
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Table G-45
 

ELECTRICAL RESISTIVITY OF STAINLESS STEE 347: POSTIRRADIATION
 

Input Data Calculated Data un - Least Squares 

Temperature 
(ox) 

Resistivity 
(pohm-cm) 

Resistivity 
(pohm-cm) 

Rsidual& 
(input-calc) 

I ~~ ~I 

No. Fit Coefficients 

C1I + 2 T + C 3T2 

7.7399990 01 5.748030E 01 5.738678F 01 9.321594E-0? 1 
q.750000D n1 
1.1000000 02 
1.450000D 07 

5.8409992 01 
6.06 999E 01 
6.417000E 01 

5.q46486F 01 
6.073718F 01 
6.421794E 01 

-5.487051E-02 
-4.719543r-02 
-4.7

0
4312E-02 

2 
3 
4 

= 4.90137E 01 

1.750000D OZ 6.706999E 01 6.710559E 01 -3.5599756-02 5 

1.9750000 02 
2.225000D 02 

6.925q99E C1 
7.150999E O 

6.921326F 01 
7.149675E 01 

4.673767E-02 
1.324463E-02 

6 
7 

C = I.1985E-01 

2.6050000 02 7.491999F 01 7.484996E 01 9.002636-02. 8 
"2.735000D 02 7:59800CF 01 7.5864542 01 1.545715E-02 . C3 = -4.91557E-05 
2.9750000 02 7.798999E 01 7.797851E 01 1.145935E-02 10 

-3.2850000 C? 
3.685000D 02 
4.195000n 02 
4.6250001 02 

8.041999E 01 
8.35600CE 01 
8.73299qE 01 
9.031999E 01 

8.049615r 01 
9.160509F 01 
8.7340842 01 
q.02q190E 01 

-q.61S7602-02 
-4.508972E-0 
-1.084900E-02 
2.809143E-02 

11 
12 
13 
14 

Statistical Terms 

4(Residls) 
2 /d.f. 

e 


B- 5.594057E-02
 

d.f. - 11 

to- 2.20
 

a - 0.05 

957. Confidence Limits 9%Cnidence Unmits. 
Temperature P S on Individuals on the Mean 

(Oh) . Lower Upper Lower Upper 

80. 	 5.7f57AP C1 3.40001E-02 5.7513q2 01 5.780182 01 5.75830E 01 5.77326E 01 

o00. 5.97206E 01 2.77673F-02 9.95832 31 5.98580E 01 5.96595E 01 5.97816E 01 

120. 6.1744OF 01 2.31174F-02 6.1610OF 31 6.18771F 01 6.16931E 01 6.17949E 01
 
140. . 6.37281E 01 2.02047F-02 6.3597?2 01 6.38589E 01 6.36836F 01 6.37725E 01 

160. 6.5672E 01 l.8O60 -02 6.55429F 31 6.58028E 01 6.56311E 01 6.57145E 01 
F 
 01
180. 6.75781 01 1.90827E-02 6.744' PF 01 6.77082E O 6.75365E 01 6.76200E 

200. 6.04444E'C 1.96916E-02 6.93139E 31 6.95748E 01 6.94010E 01 6.94877E 01
 

220. 7.127112 01 ?.05873E-0' 7.11400F 01 7.14023E 01 7.12259E 01 7.13165E 01
 

240. 7.10'86E' 01 ?.13455-02 7.29269F 31 7.31903E 01 7.30117F 01 7.31056E 01
 

260. 7.48061F 01 2.179Q52-02 7.46747E 21 7.49389E 01 7.47588E 01 7.48547E 01 
2AO. 7.651568 01 2.1O0142-02 7.63834E 01 7.664772 01 7.646742 01 7.65638E 01 

300. 7.81891 01 2.1704IF-02 7.205312 31 7.83171E 01 7.81373E 01 7.82328E 01 
320. 7.92152F 01 2.13657 -02 7.96F352 31 7.99470r 01 7.97682E 01 7.98622E 01 
340. 8.1406iE 01 ?.11668E-02 8.127452 01 8.15376F 01 8.13595E 01 8.14526E 01 
360. 8.29576F C1 2.15119E-02 8.28297L 01 8.30894E 01 8.29103E 01 8.30049E 01
 
380. S.446998E C 2.28646.-02 9.433652 01 38.46027 01 8.441952 01 8.45201E 01 
400. 8.594272 01 2.55968F-02 A.580718 01 8.607802 01 8.58863E 01 8.59990E 01 
420. 8.73762F 01 2.98642E-02 8.723672 31 8.75157E 01 8.73105E 01 8.74419E 01 
440. P.87704F 01 3.56455E-0? 8.86245E 01 8.891632 01 8.86920E 01 8.884882' 01 
460. 9.01253E Cl 4.28111S-02 S.9970W 01 -.02803E 01 9.00311E 01 9.021952 01
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Table G-46
 
ELECTRICAL RESISTIVITY OF STAINLESS STEEL 347: POSTIRRADIATION-ANNEAL DATAATAEEN AT
 

LN2 TEMPERATURE AFTER EACH TEMPERATURE STEP OF ANNEAL
 

Input Data Calculated Data Run Least Squares 

Temp Resistivity Resistivity Residuals Fit Coefficients 
(T ture (pohm-cm)No. 

7.739-W'I 01 5.748000E 01 5.747504E 01 4.9133305-0. -P C1 + C2T 3 
9.7500000,01 
1.1000000 0 
1.4500001 0? 

,5.73qOQOE 01 
5.74699GF 01 
5.7429992 01 

5.74541AF 01 
5.74'139F 01 
5.740548F 01 

-6.4178472-02 
2.859497E-O? 
22.351379E-02 

2 
3 
4 C1 5.75596E 01 

1.7500000 0? 5.2390q99 01 S.717758F 01 2.241516-02 5 
1.979000D 02 5.735999E 01 5.735654r ol 3.448486F-03 6 
2.2250000 02 5.732999E 01 5.73337CE 01 -3.700438E-03 7-1 13248E-03 
2.605000n 0? 5.73100 O 5.730046E 01 9.5?57438-03 8 
2.7350000 02 
2.975000D 0 

5.720999F 01 
5.7259n9E 01 

5.7289406 01 
5.726P472 01 

1.058963E-02 
5.187988F-04 

9 
10 C3 - 5.28909E-07 

3.285000D 12 5.721999E 01 5.724463E 01 -2.464294E-02 11 
3.6850000 02 5.7I709 E 01 5.721407E 01 -3.40,7288F-02 12 
4.195000D 0? 5.7179992 CI 5.717757F 01 2.426147F-03 13 
4.625000D 0? 5.717000E 01 9.714S942 01 2.105713E-0? .14 

Statistical Terms
 

S ",(R=siduals)2/d.f.o 

s = 2,773777E-02
e
 

d.f. - 11 

t. -2.20
 

a = 0.05 

95% Confidence Limits ?5%.Confidence Limits 
Temperature p S7 on Individuals on the Mean
 

(OK) (1ohm-cm) Lower Upper Lower Upper
 

80. 5.747242 C1 1.68588E-02 5.7400E 01 5.79437F 01 5.743532 01 5.75094E 01 
100. 5.74516F 01 1.37682F-02 5.7335F 31 5.75197F 01 5.74213E 01 5.74819E 01
 
120. 5.743138 01 1.14626F-02 5.73652F 01 5.74973k 01 5.740b18 01 5.74565E 01
 
140. 5.74114E 01 1.00184F-02 5.73469F 31 5.74763F 01 5.73893E 01 5.74334E 01
 
160. 5.739102 cl 9.40169E-03 5.71275F 01 5.74563E 01 5.73712E 01 5.74126E 01
 
180. 5.73729F 01 19.41246F-03 5.73084E 01 5.74373F 01 5.73521E 01 5.73936E 01
 
200. 5.73542r 01 9.76396E-03 5.72P95E 21 5.74189E 01 5,73327E 01 5.73757E201
 
220. '.73602 01 1.02081E-02 5.727105 31 5.7401OF 01 5.73136E 01 5.73585r 01 
240. 5.731$7F'Cl ,].05R40E-02 5.72520E 31 5.73835E 01 5.72950F 01 5.73415E 01
 
260. 5.7300-F 01 1.080912-02 5.72354 01 5.73664F 01 5.72771F 01 5.73247F 01


P

280. 8.72839 01 1.08597F-02 5.72184E 01 5.73495E 01 5.72600E 01 5.73078E 01
 
300. -.72674E 01 1.076]8-02 5.72020F 31 5.733292 01 5.724372 01 5.72911E 01
 
320. 5.72513k C1 1.05-40F-02 5.71860F 01 . 5.73167E 01 5.72280E 01 5.727462 01 
340. '.72357F 01 '1.04954F-O 5.71704F 01 5.7300q8 01 5.721268 01 5.725872 01
 
360. 5.72204E 01 1.06665F-01 5.71550E 01 5.728582 01 5.719702 01 5.72439E 01, 
380. 5.72056E 01 1.133728-02 5.713972 31 5.72715E 01 5.718072 01 5.72305E 01
 
400. 5.71912E C1 1.269202-02 5.71241E 31 5.72583E 01 5.71633F 01 5.72191F 01
 
420. 5.71772E 01 1.481002-02 5.71080F 31 5.72464E 01 5.71446E 01 5.72098E 01
 
440. 5.716372 C1, 1.767462-02 5.70913F 01 5.723602 01 5.71248E 01 5.72026F 01
 
466. 5.'71505E 01 2.12276E-02 5.70737L 31 5.72274E 01 5.71038F 01 5.71972E 01
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Table G-47 

ELECTRICAL RESISTIVITY OF STAINLESS STEEL 347:
 
CHANGE FROM PREIRRADIATION-TO POSTIRRADIATION
 

95% Confidence Limits 95% Confidence Limits
 
Temp APTemp oP on Individuals
(OK) -([ohm-em) on the Mean 

Lower Upper Lower Upper 

80 0.33210 -0.08970 0.75390 0.09932 0.56487
 

100 0.36240 -0.03160 0.75640 0.18490 0.53989
 

120 0.38440 0.00258 0.76621 0.23593 0.53286
 

140 0.39840 0.01911 0.77768 0.25655 0.54024
 

160 0.40410 0.02308 0.78511 0.25770 0.55049
 

180 0.40170. 0.01857 0.78482 *0.24990 0.55349
 

200 0.39110 0.00753 0.77466 0.23818 0.54401
 

220 0.37240 -0.00970 0.75450 0.22318 0.52161
 

240, -0.34540 -0.03486 0.72566 . 0.20097 -0.48982
 

260 0.31030 -0.07107 0.69167 0.16295 0.45764
 

280 0.26710 -0.12338 0.65758 0.09758 0.43661
 

300 0.21560 -0.19787 0.62907 -0.00171 0.43291
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Table G-48
 

ELECTRICAL RESISTIVITY OF SS-347 DURING IRRADIATTON
 

Radiation Neutron 

Exposure Fluencea 


(MW-h) (n/cm2 ) 

.2,., -3 74(14) 

11.0 1.58(15) 

15.7 2.26(15) 

16.5 -2.38(15) 

26.1 3.76(15) 


31.1 4.48(i5) 

34.9 5.03(15) 

40.9 5.89(15) " 

59.0 8.50(15) 

63.0 9.07(15) 


71.8 1.03(16) 

81.0- 1.17(16)b 

82.1 1.18(16)' 

90.1 1.30(16) 

128.3 1.85(16) 


164 8 2 37(16) 

197.6 2.85(16) 

234.8 3 38(16) 

235.0 3.38(16) 

237.8 3.42(16) 


273.8 3.94(16) 

309.7 4 46(16) 

317.2 4.57(16) 

373t3 5.38(16) 

431.5 6.21(16) 


491.5 .7.08(16) 

593.6 . 8.55(16) 
610.2 8.79(16) 

639.2 ' 9 .20 (16 )b 
641.3 '9.23(16) 


666.5 9.60(16) 

674.1 9 .7,1(16)b 

674.1 9 .71(16 )b 

674.1 9 .71(16)b 

674.1 9 .71(16 )b 


725.7 1.05(17) 

777.4 1.12(17) 

811.7 1.17(17) 

867.8 1.25(17)b 

902.6 1.30(17) 


902.6 1.3 0(17)b 

902.6 1 .3 0(1 7)b 


a Neutron fluence fur i> MeV
 
b Reactor at zero power
 

Electrical 

Resistivity 


6nb-cm) 

57.38 

57.27 

57.26' 

57.28 

57.24 


57.30 

57.41 

59.29 

57.28 

57.13 


57.28 

57.22 

57.28 

57.30 

57.29 


57.46 

57.26 

57.25 

57.22 

56.97 


57.27 

57.34 

57.73 . 

57.70 

57.75 


57.80 

57.40 

57.96 

57.30 

57.47 


57.06 

57.26 

57.26 

57.21 

57.25 


57.70 

57.68 

57.71 

57.73 

57.29 


57.29 

57.28
 

Radiation 

Exposure'' 

(MW-h) 


945.1 
.995.4 
1049.7 
1102.3 . 

1166.2 

1204.7 

1214.3 

1255.9 

1307.1 

1358.3 


1409.5 

1460.7 

1512.5 

1563.1 

1613.1 


1662.7 

1711.9 

1756.7 

1807.9 

1859.2 


1899.1 

1902.4 

1902.4 

1902.4 

1902.4 


1902.4 

1902.4 

1902.4 

1902.4 

1905.8 


1925.4 

1960.3 

2000.3 

2046.1 

2080.3 


2120.3 

2158.6 

2200.3 

2237.1 

2305.0 


2309.8 


Neutron 

Fluencea 

(n/cm2) 

1:36(17) 

1.43(17) 

1.51(17) 

1.59(17) 

1.68(17) 


1.73(17) 

1.75(17) 

1.81(17) 

1.88(17) 

1.96(17) 


2.03(17) 

2 10(17) 

2.18(17) 

2.25(17) 

2.32(17) 


2.39(17) 

2.47(17) 

2.53(17) 

2.60(17) 

2.68(17) 


2.73(17)b 

2.74(17) 


2.74 (171 

2.74 (1 7)b 


2.74 (1 7)b 


2 .74 (17 )b 

2.74(.7) 

2 74 (17 )b 

2 .74 (1 7)b 

2.74(17) 


2.77(17) 

2.82(17) 

2.88(17) 

2.95(17) 

3.00(17) 


3.05(17) 

3.11(17) 

3.17(17) 

3.22(17) 

3 32(17) 


3.33(17) 


Electrical
 
Resistivity
 

P-cm) 

57.77
 
5-7.80
 
57.84
 
57.77
 
57.7-7
 

57.94
 
57.80
 
57.84
 
57.84
 
57.80
 

57.84
 
57.87
 
57.87
 
57.87
 
57.84
 

58.02
 
57.93
 
57.92
 
57.92
 
57.94
 

57.92
 
57:42
 
57;41
 
57.40
 
57.41
 

57.41
 
57.42
 
57.42
 
57.33'
 
57.33
 

57.63
 
57.67
 
57.72
 
57.72
 
57.64
 

57.69
 
57.66
 
57.60
 
57.60
 
57.66
 

57.70
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Table G-49 

ELECTRICAL RESISTIVITY OF STAINLESS STEEL 347: DATA TAKEN AT ZERO REACTOR 
POWER AS A FUNCTION OF RADIATION EXPOSURE
 

Input Data Calculated Data Run teast Squares 

Fluence Resistivity - Resistivity Residuals No.- *,Fit Coefficients 
(1017 n/cm2) (poz-cm) (pohm-cm) (input-calc) 

+ 

5.70999gE 01 5.718500F 01 -8.500671-02 0. P F C1 C24 

I.1800000-01 5.728000 01 5.719495E 01 8.505249E-02 1 
9.200000D-01 5.729999E 01 5.726257E 01 3.741455E-02 2 
9.710000D-01 5.724500E 01 5.7266A8E 01 -2.18811D-02 3 C1 = 5.71850E 01 
1.29gq9D 00 5.72699F 01 5.729462F 01 -7.629395E-03 4 
2.74OOOD 00 5.739400E 01 5.741605E 01 -2.204895E-02 5 8.43273E-19 
3.330000D 00 5.7480002 01, 5.746581E 01 1.419067E-02 6 C2 = 

Statistical Terms
 

se = ECResiduals) 2 /d.f. 

B = 5.845413E-02e 


d.f. - 5 

- 2M57 

a 0.05 

957 Confidence Limits 95%Confidence Limits
Fluence on Individuals - on the Mean 

(1017 n/cm2) z mc) Lower Upper Lower |[ Upper 

0.O 5.71850E 01 3.36489E-02 5.70117- 31 5.73583E 01 5.70985E 01 5.72715E 01 
4.000E-01 5.72187E 01 2.83736E-02 5.70517F 31 5.73857E 01 5.71458E 01 5.72916E 01 
8.ooo-01 5.72525F 01 2.43454E-02 5.70897E 01 5.74152F 01 5.71899E 01 5.73150E 01 
1.200L 00 5.72862E 01 2.22518E-02 5.71254E 01 5.74469E 01 5.72290E 01 5.73434E 01 
1.6002 
2.000F 

00 
00 

5.7319qE 01 
5.73536E 01 

2.26364E-02 
2.538675-02 

5.71588E 01 
5.71898E 01 

5.74810E 01 
5.75174E 01 

5.72617E 01 
5.72884E 01 

5.73781E '01 
5.74189E 01 

2.4002 00 5.73874E O 2.985602-02 5.72187E 01 5.75561F 61 5.73106E 01 5.74641E 01 
2.800E 00 5.74211F 01 3.53990E-02 5.72455E 01 5.75967F 01 5.73301F 01 5.75121E 01 
3.200E 00 5.74548F 01 4.15886E-02 5.72705E 31 5.763qE 01 5.73479E 01 5.75617E 01 
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Table G-50 

ELECTRICAL RESISTIVITY OF BERYLLIUM: PREIRRADIATION
 

Input Data Calculated Data Run Least Squares
 

Temperature Resistivity Resistivity Residuals NO. Fit Coefficients 
(oK) ((ohm-cm) (ohm-cm) (input-caic) 

7.7399990 01 1.594000E 00 1.594453E 00 -4.529953E-04 1 P = CI + C2T + C3 T2 

9.6000000 01 1.658000E 00 7.652813E 00 5.187035E-03 2 
1.1q00000 02 1.787099E 00 1.793706E 00 -5.706787E-03 3 
1.4050000 02 2.007999E 00 1.9941352 00 1.386452E-02 4 C1 = 1.88534E 00 
1.700000D 02 2.33000CE 00 2.377211E 00 -4.721069E-02 5 
2.0200000 02 2.S93999E 00 2.934114E 00 5.988503E-02 6 
2.2700000 02 3.44599G2 00 3.471555E 00 -2.555561E-02 7 C2 = -9.378803 

C3 ' 7.18310E-05
 

Statistical Terms
 

= 4E(Residuals)2/d.f.e 

S = 4.098797E-02
 e 


d.f. = 4 

2.78to 

, 0.05
 

95%Confidence Limits 95% Confidence Limits
Temperature pS on Individuals on the Mean
 

(OK) (tnhm-cm) Lower Upper Lower Upper 

80. 1.59962E 00 3.18435E-02 1.455332 00 1.74392E 00 1.51110E 00 1.68815E 00
 
90. 1.62856E CO 2.50215E-02 1.49506E 00 1.76206E 00 1.55900E 00 1.69812E 00 

100. 1.67186E CO 2.11612E-02 1.54362E 00 1.80009E 00 1.613032 00 1.73068E 00 
110. 1.72952E CO 2.01637E-02 1.602542 00 1.856512 00 1.67347E 00 1.78558E 00
 
120. 1.80156E 00 2.10349E-02 1.67348E 00 I.2963E 00 1.74308E 00 1.860032 00
 
130. 1.887952 CC 2.25445E-02 1.75791E 00 2.01800E 00 1.82528E 00 1.95063E 00
 
140. 1.98872F CO 2.38614F-02 1.85687E 00 2.12057E 00 1.92238E 00 2.05505E 00 
150. 2.103852 00 2.45748E-02 1.97099E 00 2.23671E 00 2.03553E 00 2.17217E 00
 
160. 2.23335E CO 2.45513E-02 2.100522 00 2.36617E 00 2.16510E 00 2.30160E 00
 
170. 2.37721E 00 2.386262-02 2.24536E 00 2.50906E 00 2.31087E 00 2.44355E 00
 
180. 2.53544E 00 2.280585-02 2.405052 00 2.66584F 00 2.472052 00 2.598838 00
 
190. 2.70e042 CO 2.19872E-02 2.57873E 00 2.83734E 00 2.64691E 00 2.76916E 00 
200. 2.89500E 00 2.23888E-02 2.76516E 00 3.024842 00 2.83276E 00 2.95724 00 
210. 3.096332 CO 2.50545E-02 2.96278E 00 3.22988E 00 3.02668E 00 3.16598E 00 
220. 3.31202E CO 3.04921F-02 3.170002 00 3.454042 00 3.227252 00 3.39679E 00 
230. 3.54208E 00 3.856182-02 3.38563F 00 3.696532 00 3.43488E 00 3.649282 00 
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Table G-51
 

ELECTRICAL RESISTIVITY OF BERYLLIUM: POSTIRRADIATION
 

Input Data Calculated Data Run Least Squares 

Temperature Resistivity Resistivity Residuals No. Fit Coefficients 

(0 K) . (pohm-cm) (tohm-cm) (input-calc) 

7.7390990 01 I.00999E 00 1.90450F 00 -3.504753E-03 1 P = C1 + C2T + C3 T + C4T 

9.6510000 01 1.926999E 00 1.917630E 00 9.36R806E-03 
1.0800000 02 1.062000E 00 1.960954E 00 1.0461812-03 3 C1 = 2.69586E 00 
1.4450000 02 2.249000f 00 2.261292E 00 -1.2201912-02 4 

1.7400000 02 2.677999E 00 2.667637E 00 1.036263E-02 5 
1.q700000 02 
2.2150000 02 

3'0700CF 00 
3.561000E 00 

3.073561E 00 
3.581537E 00 

5.A38805E-03 
-2.0537382-02 

6 
7 

C2 = -1.98348E-02 

2.6000000 02 
2.7350000 02 
2.970000D 02 

4.53300(E 00 
4.82 9

0 
9F 00 

5.55400CE 00 

4.513328E 00 
4.872539F 00 
5.530502E 00 

1.967239E-02 
-4.653031]-02 
2.340755E-02 

8 
9 

10 C3 
1.33066E-04 

3.2R00000 02 
3.6800000 02 

6.466999E 00 
7.72600C2 00 

6.448742F 00 
7.6872432 00 

1.825714E-02 
3.875732E-02 

11 
12 (4 -1.14971E07 

4.190000n 02 9.214999E 00 9.288941E 00 -7.3942182-02 13 

4.6250000 02 1.0642002 01 1. 0611562 01 3.344224E-02 14 

Statistical Terms 

= 4(Residuals) 
2 /d.f.s e 

s e = 3.485062E-02
 

d.f. - 10 

- 2.23t= 

= 0.05 

95% Confidence Limits 95% Confidence Limits
 
Temperature P on Individuals on the Mean 

(OK) (ohm-Lower Upper Lower Upper 

80. 1.001842 00 2.44595E-02 1.80680E 00 1.99678E 00 1.847292 00 1.956382 00
 
100. 1.92807E 00 1.71425E-02 1.84126E 00 2.014882 00 1.68940E 00 1.966742 00 

120. 2.03316E 00 1.50050E-02 1.94855E 30 2.11778F 00 1.999702 00 2.06663E 00
 
140. 2.21160L 00 1.54130F-02 2.12o62F 30 2.29658E 00 2.17723E 00 2.245972 00
 
160. ?.4578E CO 1.62356E-02 2.37212E 30 2.54359E 00 2.42165E 00 2.49406E 00
 
180. 2.766422 00 1.64578E-02 2.680472 30 2.85237E 00 2.72972E 00 2.803122 00
 

200. 3.13177E 00 1.594982-02 3.046302 00 3.21723E 00 3.09620E 00 3.16733E 00
 
220. 3.548382 00 1.49822E-02 3.46378E 00 3.63297E 00 3.51497E 00 3.58179E 00
 
240. 4.01074E CO 1.40269F-02 3.92696E 00 4.09451F 00 3.97946E 00 4.04202E 00
 
260. 4.51333E 00 1.360812-02 4.42990E 30 4.59676F 00 4.48298F 00 4.54367E 00
 
280. 5.05063E 00 1.40441E-02 4.916F4F 00 5.11442E 00 5.019312 00 5.08195F 00
 
300. 5.61712F 00 1.52268F-02 5.53231E 30 5.701932 00 5.58316E 00 5.65108E 00
 

320. 6.207282 00 1.67180E-02 6.12109E 00 6.29348F 00 6.170002 00 6.244572 00
 
340. 6.815602 00 1.803012-02 6.72809F 30 6.00311F 00 6.775382 00 6.85583E 00
 
360. 7.43655E CC 1.88239S-02 7.34822F 00 7.52488F 00 7.39457E 00 7.47853F 00 
380. 8.06462 CO 1.89477F-02 7.97618 30 8.15308E 00 8.022372 00 8.10687F 00 
400. 8.69430 CO 1.87160E-02 8.60609L 00 8.78252E 00 8.652572 00 8.736042 00 

420. Q.320042 00 1.92247E-02 9.23128F 00 9.408802 00 9.277172 00 9.36291E 00 
440. 9.936362 00 2.24700F-02 9.843802 00 1.002882 01 9.88625E 00 9.986472 00
 
460. 1.05377E 01 3.014202-02 1.34349E 31 1.064052 01 1.04705E 01 1.060492 01
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Table G-52 

ELECTRICAL RESISTIVITY OF BERYLLIUM: POSTIRRADIATION-NNEAL DATA TAKEN AT 
LN2 TEMPERATURE AFTER EACH TEMPERATURE STEP OF ANNEAL 

Input Data Calculated Data Ran• . • . •, Rn "Least Squares 

Temperature Resistivity Resistivity ,Residuals No. Fit Coefficients - -
C,(K) . (#ohm-cm) (poke-cm) .' Xipt-cac) . 

p +. 2 T+C 2+C 4 T
1.0009% 00 1.90632F 00 -8.632660-03 1 37.739999 01 

9.650000D 01 1.86300CE 00 1.846971E 00 1.602936F-02 2 
io0B00000 OZ 1.P11000t 00 1.813667F 00 -2.6674772-0 3I 
1.445000D 02 1.721O 00 1.728067E 00 4 = 2%27O65E 0L7 . 0 6 7 6 83 2 - 03  C1 
1.7400o0 02 1.684999E 00 1.678756F 00 6.2437365-03 5
 
1.9700000 0? 1.6439095 00 1.650876E 00 -1.87683lF-03 6 - -5,89622-03
C2

2.2150000 OP 1.62400CF 00 1.679896F 00- r5.896558E-03 7 
2.6000000 02 1.6069-9E 00' 1.611695F 00 '-4:.&8412E-03 8 
2.7350000 0J ].613100F "00 1.608693E 00 4.106743E-03 C l.71825E-05 
2.9700000 )1 1.61500C 00 1.606612E.0 . 8.187566F-03 10 3 
3.2800000 02. 1.60100GE 00 1.608068r 00 3 .0679OE-0 11 
3.6890001) 0? 1.613490r oo 1.612617F 00 1.382878F-03 12 C4 = -1.63566E-08 
.19900OD 02 1.60AI309 G0 1.613521F 00 -4.521370F.-03 13
 

4.625000D 32 1.603001 .CO' 1.600910C 00 2.089500F-03 14
 

'Statistical Terms
 

se = 4(Residuals) 2 /d.f. 

s = 7.828094E-03e 


d.f. = 10 

t,= 2:23 

a- 0.05 

- 95% Confidence Limits 95% Confidence'Limits 
Temperature "- on Indiiduals on the Mean
 

(OK) Lower Upper Lower Upper
 

80. 1.90054E 00 5.404n5r-03 1.87q2?F J0 1.02187E 00 1.88829E 00 1.91279E 00 
100. oRd.490 00 %.A9545E-03 1.8169-9 30 1.85599F 00 1.82781E 00 1.84518E 00 
120. 1.73226E 00 3.37041E-03 1.76326e 00 1.80127E 00 1.77475E 00 1.789782 00 
140. 1.737072 G0 3.46225F-03 1.717-8 30 2.75616E 00 1.72935E 00 1.74479E 00 
160. 1.70013E 00 1.64686E-01 1.68087E a0 1.7193SE.00 1.60199E 00 1.70826E 00 
180. 1.67065C 00 3.69672F-02 I.51]56 30 1.08996E 00 1.66241E 00 1.67889E 00 
200. 1.64789E 00 3.58261E-03 1.62065F 30 1.66705P 00 1.63986E 00 1.65584E 00 
220. 1.63095F 00 ;.36528E-03 1.61195E 00 1.64995E 00 1.62344E 00 1.63845E 00 
240. 1.610915 00 3.15069r-03 1.60034E 0 1.61797E 00 1.61213E 00 1.62618E 00 
260. 1.61169E 00 3.05663E-03 1.5-2-5F 30 1.63043E 00 1.60487F 00 1.61850E 00 
280. 1.60776F 0O 3.154506-03 1.58?946 00 1.62658E 00 1.60077E 00 1.61479E 00
 
300. 1.606 RE CO 3.42023F-03 .43751F 00 1.62563E 00 1.59805E 00 1.61421E 0074
 320. 1.607255 00 3.755180-03 1.58F0; 30 1.526 F 00 1.5990OF 00 1.61575E 00 
140. 1.6003KF rO 4.051016-03 1.5807n 00 1.62901E 00 1.60032E 00 1.61839F 00 

p

60. 1.61173 00 4.2281O-E03 1.5o15 DO 1.63157F 00 1.60230F 00 1.62116E 00
 

380. 1.61372F CO 4.256005-03 1.593856 00 1.63359E 00 1.60423E 00 1.62321. OO 
400. 1.614548 00 4.20395E-0' 1.59471F 00 1.63436E 00 1.60517F 00 1.62392? 00, 
420. 1.613 F GO 4.31823F-03 1.59341F 30 1.61334E 00 1.603786 00 1.6Z304 00 
440. 1.60993E 00 5.04718E-fl 1.588726 00 1.63030E 00 1.59827F 00 1.620786 00 
460. - 1.60211E GO 6.77045E-03 1.57'30k '0 1.62528E 00 1.58702E 00 1.61722E 00 
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Table G-53 

ELECTRICAL RESISTIVITY OF BERYLLIUM:
 
CHANGE FROM PREIRRADIATION TO POSTIRRADIATION
 

95% Confidence Limits 95% Confidence Limits

Temp AP on Individuals
(OK) (gohm-cm) on the Mean 

Lower Upper Lower Upper 

80 0.30222 0.16368 0.44075 0.21978 0.38465
 

90 0.27619 0.14656 0.40581 0.20981 0.34256
 

100 0.25621 0.13136 0.38105 0.19975 0.31266
 

120 0.23160 0.10839 0.35480 0.17885 0.28434
 

140 0.22288 0.09753 0.34822 0.16531 0.28044
 

160 0.22451 0.09814 0.35087 0.16476 0.28425
 

180 0.23098 0.10568 0.35627 0.17352 0.28843
 

200 0.23677 0.11208 0.36145 0.18066 0.29287
 

220 0.23536 0.10507 0.36564 0.16771 0.30300
 

230 0.23211 0.09431 0.36990 0.15093 0.31328
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Table G-54 

ELECTRICAL RESISTIVITY OF BERYLLIUM DURING IRRADIATION 

Radiation 
Exposure 
(MW-h) 

Neutron 
Fluencea 
(n/cm2 ) 

Electrical 
Resistivity 

(fLn-cm) 

Radiation 
Exposure 
(1W-h) 

Neutron 
Fluencea 
(n/cm2 " -

Electrical 
Resistivity 
(1 -cm) 

2.6 
11.0 
15.7 
16.5 
26.1 

3 74(14) 
.1.58(15) 
2.26(15) 
2 38(15) 
3.76(15) 

1.601 
1.590 
1.601 
1.536 
.1.609 

-945 1 
995 4 

1049.7-
1102.3 
1166.2 

- 1.36(17)" 
1.43(1-7) 
1.51(17) . 

1.59(17) 
1.68(17), 

1.736 
1.793 
1.743 
1.743 
1.750 

31.1 
34.9 
40.9 
59.0 
63.0 

4.48(15) 
5.03(15) 
5.89(15) 
8.50(15) 
9.07(15) 

1.615 
1.600 
1.623 
1.609 
1.577 

1204 7 
1214.3 
1255.9 
1307.1 
1358.3 

1.73(17). 
1.75(17) 
1.81(17) 
1.88(17) 
1.96(17) 

1.767 
1.772 
1.759 
1.784 
1.794 

71.8 

81.0' 
82;1 
90.1 

128.3 

'1.03(16) 

-1.17(16)-
I.48(16) 
-1.30(16)' 
1.85(16) 

1.604 

1.603 
1.592 
1.602 
1.605 

1409.5 

1460.7 
1512.5 
1563.1 
1613.1 

2.03(17) 

2.10(17) 
2.18(17) 
2.25(17) 
2.32(17) 

1.797 

1.802 
1.819 
1.834 
1.816 

164.8 
197.6 
234.8 
235.0 
237.8 

. 
2.37(16) 
2.85(16) 
3.38(16) 
3.38(16) 
3.42(16) 

1.607 
1.618 
1.612 
1.623 
1.632 

1662.7 
1711.9 
1756.7 
1807.9 
1859.2 

2.39(17) 
2.47(17) 
2.53(17) 
2.60(17) 
2.68(17) 

1.819 
1.858 
1.831 
1.896 
1.834 

273.8 
309.7 . 
317.2 
373.3 

431.'5 

3.94(16) 
4.46(16) 
4.57(16)

38(16 

6.21(16) 

1.628 
1.661 
1.663 
1.652 

l .666 

'1899.1 
1902.4 
1902.4 
1902.4 

i902.4 

. 2,73(17)b-
2.74(17),b 
2.74(17) 
2.74(17)b 

2.74(17) 

-. 

. 

1.869. 
1.V860 
2.007 
.960 

1.865 

491.5 
593.6 
610.2
639.2 ' 

7.08(16) 
8.55(16) 
8.79(16)9.20(16)b ' 

1.672 
1.676 
1.683 

- 1.673 

1902.4 
1902.4 
1902.4
1902.4 

2.74(17)b 
2.74(17)b 
2.74(17)15
2.74(17)b 

1.851 
1.853 
1.865
2.071 

641.3 9.23(16) 1.694 1905.8 2.74(17) 1.866 

666.5 
674.1 
674.1 
674.1 
674.1 

9.60(16) 
9.71(16)b 
9.71(16)b 
9.71(16)b 
9.71(16)b 

1.697 
1.697 
1.688 
1.693 
1.686 

. 

1925.4 
1960.3 
2000.3 
2046.1 
2080.3 

2.77(17) 
2.82(17) 
2.88(17) 
2.95(17) 
3.00(17) 

1.863 
1.855 
1.873 
1.876 
1.870 

725.7 
777.4 
811.7 
867.8 
902.6 

1.05(17) 
1.12(17) 
1.17(17) 
1.25(17). 
1.30(17) 

1.706 
1.704 
1.726 
1.717 
1.723 

2120.3 
2158.6 
2200.3 
2237.1 
2305.0 

3.05(17) 
3.11(17) 
3.17(17) 
3.22(17) 
3.32(17) 

1.900 
1.891 
1.902 
1.900 
1.908 

902.6 
902.6 

1.30(17)b 
1 .3 0(1 7)b 

1.720 
1.726 

2309.8 3.33(17) 1.918 

a Neutron fluence.for 1> MeV.
 

b Reactor at zero power
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Table G-55 

ELECTRICAL RESISTIVITY OF BERYLLIUM: DATA TAKEN AT ZERO REACTOR 
POWER AS A FUNCTION OF RADIATION EXPOSURE 

Input Data Calculated Data Run Least Squares 

No. Fit CoefficientsFluenca Resistivity Resistivity Residuals 
(1017 n/m 2 ) (pohm-cr) (gohm-em) (input-qac) 

0 P - I +d 2 05.59242E03 


1.1800O00-t- 1.591999E 00 1.600283F 00 -8.283615E-03 I
 
9.200000D-01 1.672999F 00 1.683081E 00 -1.008129F-02 2
 

9.710000-01 


0.0 1.5940qGE 00 1.5sSOOF 00 


1.6Q1000E 00 1.688346E 00 2.654076F-03 3 C1 . 1.58810E 00 

t.2o99Q0 00 1.72300CE 00 1,722VI2F 00 5,87592E-04 4 
2.741000D 00 1.910996E 00 1.870"78E 00 4.002094E-02 5 
3.3310000 00 1.9t0999E 00 1.9q1890E 00 -3.089046E-02 2 1.03240E8 

Statistical Terms
 

4(ResiduaIs) 2/d.f.Be ( 

s 2.3530691-02
e 


d.f. 5 

ta 2.57 

a-0.05
 

95%Confidence Limits 95% Confidence Limits 
Flunce P on Individuals on the Mean 

(1017 n/cm2) (0ohtf-c0) Lower Upper Lower'" Upper 

0.0 1.5891OF 00 1354b03F-02 1.91832F 00 1.65788F 00 1.55329e 00 1.62291" 00 
4.0OOF-01 l.67q44E 00 1.14?185-0? 1.56217E D0 1.69662E 00 1.60004E 00 1.6575F 00 

8.0O0OE01 1.67069F 00 9.o0nS1E-03 1.5018E 00 1.73620 00 1.64551E 00 1.695886 00 
1.2005 00 1.71109F 00 8.95747F-05 1.64728F 00 1.77670F 00 1.68897E 00 1.73501E 00 

1.600F 00 1.7532?8 00 9.11228F-03 1.58943E 20 1.81813E 00 1.729876 00 1.77670F 00 

Z.0006 00 1.79&5SE 00 1.02l04F-02 1.72865E 00 1.86051E 00 1.76832E 00 1.82084E 00 

2.400E 00 1.83588 00 1.20185F-02 1,76797F 00 1.90378F'00 1.80499E 00 1.86676E 00 
2.0OF GO0 I.H7717 G0 1.424q9-02 1.80847E 30 1.4787E 00 1.84055C 00 1.91379C 00 
3.200 00 1.91@476 00 1.67415*--OS 1.84125- 00 1.99264F 00 1,87544E 00 1.96149t 00
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