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ABSTRACT
Thermally-stimulated discharge current
range of 90 to 230 deg.K, was collected for
were frozen and refrozen, under atmospheric

vacuum and under pressurized carbon dioxide

data,

gas.

in the temperature

18 ice samples which

conditions, an 11 PSI

Both stainless

steel and stainless steel with teflon blocking layers were used for

electrodes. This data was collected for purposes of explaining what

polarization mechanisms produce the observed thermally-stimulated

discharge (TSD) current peaks in ice.

Three TSD peaks were observed at temperatures of 109.8, 136.3

deg.K and a third in the temperature range'of 218 to 230 deg.KkK.

In addition to these peaks continuous heteroéharge and homocharge

currents were observed mostly between the second and third peaks.

The results indicate that the coldest peak

by the reorientation of L and D defect dipoles.
4
this peak's parameters are E=.601 X 10 cal/mole

sec. A second 136.3 deg.K peak may be caused by

being trapped by gas impurities. Poor estimates
4
parameters are E=.532 X 10 cal/mole and 7Y =.204
o

peak which occurs between 218 and 230 deg.K may

of its polarization mechanisms. This peak is so

is probably caused

Good estimates of
-9
and 7=.234 X 10
o
L or D defects

of this peak's
-7
X 10 sec.
+
have H O as one
3
inconsistent and

A third

broad that it probably has many polarization mechanisms responsible

for it.



1-INTRODUCTION

An eléctret is a dielectric which is capable of maintaining a
persistent electric field, analogous to a magnet, which supports a
persistent magnetic field. Ice is an interesting example of an electret
because it has a simple structure yet exhibits a variety of charge
storing mechanisms. These mechanisms are observed by first slowly
cooling the ice under the influence of an electric field. "Since
internal friction depends exponentially on temperature, the response
time of permanent dipoles and free charges changes markedly with
temperature."l Below a critical temperature the polarization becomes
semi-permanently frozen in, which makes ice an electret. Now if the
polarized ice is heated, to release this frozen-in polarization, a
current can be measured. Such a current is called a thermally-
stimulated-discharge (TSD) current.

This work is concerned with applying the TSD method to ice, to
gain an understanding of its dielectric behavior. The TSD method is
very useful because. it produces a continuous current spectrum, with
each polarization mechanism ideally yielding a separate current peak.
Hopefully this work will reveal what polarization mechanism is
responsible for each current peak and what parameters describe those
peaks. Specifically an activation energy (E), pre-exponential
factor (7 ) and maximum polarization strength (P ) should be assigned
to each pgak. °

Unfortunately the TSD response of ice has been difficult to

explain for many reasons. One reason is that the TSD response

may be very sensitive to the purity of water used to make the ice.



Thus different investigators report varying numbers of peaks at
varying temperatures. TSD peaks of ice also strongly overlap and

thus make it difficult to accurately determine peak parameters.

This makes any efforts, of comparing peak parameters with theoretical
polarization mechanisms, very questionable. Moreover; there ié
confusion over what polarization mechanisms may actually be present
in ice, as a review of the literature should illustrate.

Johari and Jones (2) collected TSD data, on both H O and D O
2 2
ice, to determine whether the occurrence of TSD peaks is caused

by a relaxation process or a thermodynamic phase transformation.

They discovered peaks in H O ice at 110, 159 and 233 deg.K, and in

D O ice at 124, 163 and 22% deg.K. This was with a heating rate

o% .0023 deg.K/sec. Since the first two D O ice peaks occured at
warmer temperatures than the first two H g ice peaks, they concluded
that a relaxation process must be preseni. To further substantiate

this conclusion they noticed that the temperature at which TSD peaks

appear increases with increasing heating rate. With heating rates of
-3 -2 -2 -2
2.28 X 10 , 1.84 X 10 , 2.65 X 10 and 4.5 X 10 deg.K/sec the first

peak temperature was 110, 114, 123 and 132.5 deg.K. Johari and Jones
=20
measured an E=11.3 kcal/mole, ¥ =5 X 10 sec. and an equilibrium
o
dielectric permittivity (£ ) of 233 +/- 10 at 120 deg.K. On the basis
S

of the magnitude of £ they concluded that H O ice does not undergo
s 2

a proton ordering to a ferro- or anti-ferroelectric phase at

temperatures as low as 98 deg.K.

Pissis, Apekis and Boudouris (3) looked at the effect of water

conductivity on the TSD spectrum in ice. Like Johari and Jones,



Pissis et. al. saw three TSD peaks occuring at 125, 160 and 225

deg.K. They found that the 125 deg.K. peak was independent of water
purity based on the independence of peak temperature, E and T from
water purity. They also attributed the 125 deg.K peak to oriegtational
polarization of water molecules based on the following reasons:

1) The amplitude of the peak was proportional to the applied

electric field.

2) The peak temperature was independent of both polarizing

field and polarizing temperature.
3) An activation energy could be calculated, in agreement with
dipolar-reorientation theory.
They also concluded that the 125 deg.K peak was independent of the
concentration of extrinsic physical defects.

Conversely, Chamberlain and Fletcher (4) studied the effects of HF
concentration on the ice TSD spectrum and noticed that the peak
temperature, of the 100 deg.K. peak, increased as the HF concentration
was decreased. The magnitude of this peak was constant over the HF
concentration range of 1020 to 1025 m_3 . They further concluded
that the 100 deg.K. peak was probably caused by oriented dipoles
whose relaxation times were governed by the L-defect concentra-
tion which was determined by the HF concentration. A second peak also
occurred randomly over the temperature range from 125 to 135 deg.K and
was observed in pure ice specimens too.

Dengel, Eckener, Plitz and Riehl (5) reported on the possibility

that ice is ferroelectric at temperatures around 100 deg.K. Their

measurements showed a sharp increase in the dielectric constant around



100 deg.K, which they take to be the curiepoint. However their findings
were based on a charging current peak that occured when a field of 400
V/cm was applied to the ice. "A true ferroelectric crystal is defined
as a crystal which exhibits a spontaneous electric dipole moment; in
other words, a crystal for which even in the absence of an applied
electric field the center of positive charge does not coincide with the
center of negative charge."6 Thus they are not really talking about
ferroelectric behavior. In addition they mentioned that ferroelectric
behavior could only be observed if the water was not extremely pure.

Mascarenhas and Arguello (7) studied the effect of HF doping on
ice TSD currents, in the temperature range of 173 to 253 deg.K. They
observed a peak at approximately 223 deg.K. with the total charge
released varying as the square root of the HF concentration. This
indicated that OH- and H 0+ ions were responsible for the peak. Space
charge formation was alsg shown to be associated with the electret
behavior.

Previous works conducted in this laboratory, using the flat-disk
sample holder, found three peaks in ice in the temperature range from
110 to 180 deg.K.8 The peak temperatures were reported as 125, 140 and
155 deg.K with activation energies of 7.21, 8.24 and 9.89 kcal/mole
respectively. The pre-exponential factors were 35 X 1612, 5 X lalzand
0.1 X lalzsec. with a heating rate of 0.044 deg.K/sec. The coldest
peak was consistently stronger than the other two peaks and thought
to be the result of dipole orientation. The middle peak was quite

irregular and felt to be the result of extrinsic defects. The warmest

peak, appearing with great consistency, was thought to be the result of



small impurity concentrations on the dipolar relaxation process.

To summarize these findings, it is clear that three or more TSD
peaks are present in ice, in the temperature range of 100 deg.kK to
235 deg.K. These peaks are not consistent in magnitude or in peak
temperature between different investigators. People have concluded
that the coldest peak is either a ferroelectric response or more
likely a dipole response due to reorientation of D and L defects.
There are no strong conclusions about the second peak and the
third peak may partly be caused by space charge induced mainly
by the migration of H O+defects.
2-APPARATUS AND METHO]%

The electrical measurement circuit is shown in figure 1. The
ammeter is a Keithley Model 410A Picoammeter with an accuracy of +/-
4% of full scale on 3 X 169 to 3 X 1513 ampere ranges, with a maximum
rise time, for 90% of the current, of 0.1 to 2.5 seconds over those
ranges. The voltage source is a Fluke Model 412A DC supply and
has a range of 500 to 2000 volts. A Honeywell Electronik 195 strip
chart recorder is used to continuously record the discharge current
and the sample temperature, which is measured with a copper-constantan
thermocouple. The recorded current and temperature are estimated to be
within +/- 3% and +/- 1.5 deg.K respectively. A linear heating rate
is controlled by a Love Model 52 proportional controller with
programmed heating rates of 0.044 deg.K/sec. and lower. Heat is
supplied by two 100 watt Fast Heat heating cartridges in the

sample holder and a 7.3.ohm Nichrome heating coil wrapped around the

aluminum block. One problem to watch out for is that the heating
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coil is insulated from the aluminum block by several mica sheets
and some fiberglass tubes. If this insulation breaks down then
the heater pulses produce electrical noise in the ammeter output.
This noise is very distinctive and easily distinguishable from
the normal bumpy current line. Both the aluminum block and the
sample holder are inside a stainless-steel cryogenic container,
cooled by liquid nitrogen.

Also available, but not used for this study, is a Gultan
ANP-9 four channel digital printer which prints out the thermocouple
EMF versus current data at an adjustable time interval. Due to the
bumpy nature of the concentric-cylinder sample holder data it was
thought that a digital printout of the TSD data would be
impractical. The printer is useful for the smooth data that the
flat-disk sample holder gives. It should be noted that the printer
scans the four channels for data. If it finds no data on the first
channel it won't look at the other three.

Two sample holders are used; one has two parallel copper-
disk electrodes and the other has two concentric stainless-steel
cylindrical electrodes. Refer to figure 2 for diagrams of the sample
cells. The concentric-cylinder sample holder has two stainless-steel
cylinders with a 0.37 inch space between them. Ice is grown in the
gap using a procedure described below. A copper-constantan thermocouple
frozen into the ice monitors the ice temperatﬁre during TSD
measurements. Negligible vertical and radial temperature gradients
are measured with a heating rate of 0.019 deg.K/sec. Two

teflon cylinders (.0035 inches thick) are sometimes included as
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blocking layers. The empty céll has a capacitance of 14.1 picofarads
without teflon blocking layers and 15.7 picofarads with teflon blocking
layers.

The apparatus used for growing the ice in the concentric-
cylinder sample holder is shown in figure 3. After thoroughly washing
the sample holder and thermocouple with distilled water, the sample
holder is filled with distilled water (resistivity of approximately
1 X 106 ohm-cm). The sample holder is then placed under a bell jar
on the copper freezing block. The bell jar is screwed down onto a
copper plate so that the ice can be frozen under a variety of
pressures. Mostly a vacuum of 11 PSI is applied during freezing to try
and degas the water; however, freezing under a pressure of CO is
also tried. The CO source is dry ice that is placed under thi bell
jar before it is sirewed down. The dry ice lasts for about 45 minutes
and maintains a pressure of approximately 7 PSI before it is gone.
When the pressure starts to drop the valve to the bell jar is closed.
The freezing apparatus gives much freedom to change the
atmospheric conditions over the water but allows little control
of the freezing rate. For refreezing, the ice sample is
placed in the bell jar apparatus and allowed to melt at room
temperature under an 11 PSI vacuum. After melting the freezing
procedure is repeated.

The flat-disk sample holder has copper-disk electrodes with Teflon
disks (.0035 inches thick) used as blocking layers., The electrode

separation can be adjusted, but with an air gap of 0.37 inches, and

with blocking layers, the cell has a capacitance of 18.9 picofarads.
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A copper-constantan thermocouple is inserted into a hole in one of the
electrodes to monitor the ice temperature. Temperature differences of
1.2 deg.K, between the top and bottom of the sample, and 1.2 deg.K,
befween the center and outer edge of the sample, are measured with a
heating rate of 0.044 deg.K/sec. This sample holder also has a

guarded electrode that can be used instead of the single-piece
electrode. The guard electrode, shown in figure 4, has an outer

ring insulated from the inner disk by teflon. It is felt that this
guarded arrangement will eliminate the fringe effects between the

edges of the electrodes and between the high electrode and the grounded
wall of the sample holder. The guard ring is connected to the inner
disk during charging and is floating during discharging. Upon reviewing
of this report it is apparent that an error was made by keeping the
guard ring floating.instead of grounded. The guard ring should

have been grounded to allow image charges, released from the outer

edge of the electrode to bypass the ammeter and flow to ground.

Flat ice samples are made from distilled water with a resistivity
of approximately 1 X 106 ohm-cm. The samples are 0.37 inches thick and
1.5 inches in diameter, with surfaces ground parallel and smooth on
emery cloth. Of course care is taken not to melt or contaminate the
samples during the grinding process. The ice samples are grown and
cut using methods described by Gross et. al. (1975), and Gross et. al.
(1978).

The procedure used to make the TSD measurements for both sample
holders is as follows:

1) Apply an electric field to the sample at 233 deg.XK and slowly
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cool the sample for 24 hrs. at a cooling rate of 0;1 deg.K/min.

2) Turn off the electric field at 96 deg.XK and short the

electrodes for 20 minutes

3)VStart the heating cycle at a linear rate of 0.019 deg.K/sec

with the electrodes connected to the picoammeter.
This procedure is called a full charge test and should charge all
polarizatioﬁ mechanisms to their maximum amount. An attempt is
made to follow this procedure as closely as possible for every TSD
run made, so that different runs can be compared. Also the samples
are frozen less than a week before the TSD measurements are made.

Partial charge tests are done by charging the ice sample at
a single temperature corresponding to the peak temperature of the
peak that is to be isolated. In theory this should fully charge
the peak that is wanted and only partially charge any overlapping
peak. In practice this is very difficult in ice because the peaks
strongly overlap. Previous attempts to isolate peaks by this
method, in this laboratory, have failed.

Another method used to isolate TSD peaks is to fully charge
the sample and then start the heating process. When the first TSD
peak almost reaches its maximum quickly cool the sample so that the
overlapping second peak has no chance to discharge. This process
can be repeated until the first peak has been almost totally
discharged, leaving the second peak pretty well isolated. Again
previous attempts, in this laboratory, té accomplish this have
failed because of the close proximity of the first fwo peaks.

In the past these two methods were all that was available to



isolate peaks and thus get parameter estimates; however, with

the computer model that is used in this study, full charge tests
are preferred. One can never be certain that a peak cleaning
technique has successfully isolated a peak, but sets of peak
parameters can be input to the computer model to find a best fit
to the data. This investigator has more confidence in the best fit
parameters than in parameters calculated by peak cleaning.

One problem with the two sample holders is that they are two-
terminal arrangements. This creates problems in measuring the empty
cell capacitance between the two electrodes, which is needed to
calculate the dielectric constant of the ice. A three-terminal
arrangement would be better because the capacitance between the
electrodes wouldn't be affected by the surrounding sample holder,
aluminum block and connected cables. However, since the picoammeter
has only a two-terminal input, the two-terminal setup will have to
suffice.
3-THEORY

One possible polarization mechanism in ice is positive
(H O+) and negative (OH-) ionic defects. Figure 5, which is taken from
Jazcard's paper (9), illustrates how by the shifting of protons along
‘0-0 bonds, these ions can propagate through the ice and give rise to a
net polarization. During charging the H 0+ and OH_ ions can migrate
toward the cathode and anode respectiveiy. There are probably several

ways to hinder the motion of or trap these ionic defects. If the ice

temperature is reduced enough then there is insufficient energy for
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protons to shift along O0-O bonds. Thus the propagation of ionic defects
can be stopped. Dislocations and impurities may also serve as traps
of ionic defects.

These ionic defects can undergo some complicated reactions at
the ice-electrode surface if no blocking layers are used. The result
is a build-up of mobile charges (space charge) at the ice-electrode
surfaces, which can then relax by diffusion during TSD.

Another possible polarization mechanism, that is also illustrated
in figure 5, is D and L defects. Jaccard defines a D defect as
an 0-0 bond occupied by two protons and an L defect as an 0-0O bond
occupied by no protons. He says that "these defects are produced by the
jumping of the protons around the oxygen atoms on an adjacent regular
bond, and they can be displaced in the lattice by the continuation of
these jumps.“loThe movement of these defects can probably be halted in
the same way as ionic defects.

While the polarization mechanisms mentioned above rely on mobile
protons, polarization can also result from the slight displacement of
atoms in the ice crystal lattice. If this displacement occurs without
the influence of an electric field then the ice is ferroelectric.

It may also be possible for impurity atoms to migrate through the ice
under the influence of an electric field.

. Polarization can also result from the injection of homocharges
into the ice. van Turnhout describes homocharge as follows. "When
the contact between the electrodes and the sample is imperfect, as is
usually the case for laid-on electrodes, there are air spaces between

them, in which at high field strengths Townsend breakdowns will occur,



so that ions or electrons from the air are injected into the
sample.“llThus homocharge is charge of the same polarity as the
nearest charging electrode and would give a current when the
homocharges recombine during discharging. The polarization mechanisms
mentioned previously are all examples of heterocharge polarization
because charges are attracted to the electrode of opposite polarity. In
the presentation that follows, homocharge and heterocharge currents
will arbitrarily be called negative and positive currents respectively.
3A-COMPUTATIONAL MODEL |

The model that is used to fit each TSD current peak, and arrive
at the peak parameters, is derived below. van Turnhout (12) starts

with a form of the following equation for the polarization during

discharging with the minus sign indicating depolarization
dP(t)/dt=-(C)P(t) (1)

where P(t)=polarization

C=constant of proportionality.
This simply says that the change in the polarization is proportional
to the polarization. van Turnhout then makes the assumption that
equation (1) holds true for varying temperatures so he replaces
the constant with a temperature dependent relaxation frequency

to get

dP (t) /dt+x(T)P (t) =0 (2)

-1
where «(T)=relaxation frequency of polarization mechanism in sec .



For a proton trapped in a potential well of energy depth E, the
13
probability of escape can be represented by the equation

A (T)=% EXP (-E/KT) (3)
o

where k=Boltzman's constant which equals 1.98 cal/deg.K-mole
-1
"o =pre-exponential factor in sec
0
E=activation energy in cal/mole.

Equation (3) shows that the probability of escape decreases as the
potential well depth (E) increases; and as the temperature increases
the probability of escape increases due to greater thermal kinetic
energy. One assumption that has been made in equation (3) is that

each polarization mechanism has a discrete E and o instead of a
o B
distributed E and « .
o
This is a questionable assumption and should be considered in

future work. In an ideal pure ice crystal, L and D defect relaxation

would probably require a single E and & . However, in a real crystal
o
with impurities and disslocations, a distributed E and or o« may be
o
more correct because impurity atoms disturb the crystal lattice

and reduce the activation energy required to mobilize a D or L
defect. Space charge relaxation should almost certainly require a

distributed E and or ¢ due to the large distance that the charges
o
have to travel to relax.

van Turnhout (14) lists the solution to equation (2) as
+

P(t)=P EXP(—SOL(T)dt) (4)

(o] "‘3’

where P =maximum attainable polarization during charging in coul/cm
o

2



t =time at end of charging.
In equaiion (4) I have assumed that maximum polarization was attained
during charging because of the slow cooling rate, long charging time,
and warm temperature at the start of charging. The integral part of
equation (4) accounts for the change in the escape probability as

the temperature increases due to heating. The TSD current density

is given by differentiating equation (4) with respect to time to get

+
3 (t)=—-dP/dt=P oX(T)EXP (—So(('ri dt) (5)

2
where j(t)=current density in amperes/cm .

The minus sign indicates that depolarization is occurring. Now if a
relaxation time
T(T)=7Y EXP(E/KT)=1/A(T) (6)
o
is substituted for the relaxation frequency (o/(T)), and the variable
time is converted to temperature by dividing by the heating rate

(assumed to be linear), equation (5) becomes

T

J(T)=(P /7 )EXP(-E/KT)EXP((-1/q7Y) sEXP (-E/KT) dT) (7)
O (o] O _m

where “¢ =pre-exponential factor for relaxation time in sec.
To=storage temperature before heating cycle begins
qgheating rate in deg.K/sec.
An assumption that is made in equation (7) is that no polarization
is lost between the time charging stops and TSD begins. This is a

valid assumption because no discharge current is observed at storage

temperatures. van Turnhout (15) substitutes a rational approximation



for the current integral

T | 2

?(T,T )z(l/q)iFXP(—E/kT)dT=(kT /qE) EXP (-E/kT)H(E/KT)
d
d
2 -1

where H(E/KT)=(bl-al+(b2-a2) (kKT/E)) (1+bl (kT/E)+b2 (KT/E) )
al=2.3347 a2=0.2506 bl=3.3307 b2=1.6815
to get the final form of the model equation
2
J(T)Y=(P /Y YEXP(-E/KT)EXP ((-kT /97Y BE)EXP(-E/kT)H(E/KT)). (8)
o o o

Another assumption is that during the heating cycle there is no
net electric field in the sample as figure 6 illustrates. Any
polarization field frozen into the ice is balanced by an opposite field
created by image charges on the electrodes. It is these image charges
that actually flow through the ammeter to register a current.

During charging there are many more charges on the
electrode plates than can be compensated for by polarization in the
ice. Therefore, the charging field (E) is greater than the polarization
field (P), and it is this excess charge, in additibn to the
polarization which isn't frozen into the ice, that makes up the fast
reacting component of the dielectric constant. During discharging
the polarization, that is frozen into the ice, is balanced by image
charges on the metal electrodes. Thus the dielectric constant is

calculated as follows:

_ Ciee - Cptent Corozen - Cpet . A(jc‘rsd“!‘ S £+ LA %)

where K = dielectric constant
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¢ = component of dielectric constant that relaxes instantaneously
when the electric field is interrupted

£ = component of dielectric constant that is frozen into the ice

VS= charging voltage in volts.

So £ can be calculated once the area under a peak (P ) and the

] o
capacitance of the empty sample holder (C ) are known. €_is
16 cell
approximately egual to 3.1. If the peak parameter P 1is used then the
(e}

above equation calculates the dielectric constant for just that peak.
However, if the dielectric constant for the complete polarization
spectrum is needed, then the aréa under the whole discharge curve
is substituted for P .
o 17
Estimates of E and Y must also be obtained to use equation
o

(8). For the low temperature tail of the current plot (for Jj(T) <
1/23(T) ):

max

J(T)S(P /7 ) (C1l)EXP (-E/KT)~(C2)EXP (-E/kT)

o o

where Cl1 and C2 are constants.

Now taking the natural log of both sides of the equation gives
1n(j)=C3-E/kt

where C3 is a constant.

Thus a straight line results when 1lnj is plotted as a function of
1/kT, the slope of which is E. Taking the derivative of equation (8)
with respect to T will give the current peak. Setting this derivative

equal to zero will give the following relation for the peak



temperature:

E/KT =(T /q7% )EXP(-E/KT )

p p o P
where T = the peak temperature.
p
Solving this equation for ©¥ gives an estimate of T equal to:
o o
2
Y =(T k/gE)EXP (-E/KT ).
o b p

Once initial parameter guesses are calculated for each current
peak, these guesses are plugged into a least-squares inversion
program to model the TSD data. The modeling program, an example
of a parameter file and a test run are all listed in appendix VII.
Appendix VI contains a brief mathematical description of how the
computer modeling technique works. The program is capable of handling
a TSD spectrum of up to 5 peaks.

There are several things to keep in mind when using the modeling
program. The initial parameter guesses must be reasonably close to
the actual parameters for the model to work. This means that E and
7 should combine to give a peak close to the real peak. P 1is not
i;portant because the model can easily change that to fit 2he data. The
modeling program is very poor at changing Y to fit the slope of the
data curve. Thus Y must be changed, after gooking at the program
output, and the prggram run again. Usually, for every order of
magnitude that 7’ is increased by, E should be decreased by .05 X 104.
The program alsoorefuses to locate a peak under a valley in the TSD

curve, so it is difficult to fill in any intervals between TSD peaks.



The modeling program seems to fit the TSD data pretty well if
the initial parameter uncertainties are of the same order of magnitude
as the initial parameters. The final parameter uncertainties that the
program gives are meaningless because of the difficulties of
determining Y . Generally Y can be changed by an order of
magnitude or ;ore and with Z slight compensation in E the fit will
look just as good. Therefore, the computer model gives rough estimates
of peak parameters that fit the TSD data. Most likely each TSD
peak has more than one relaxation mechanism responsible for it anyway;
so the results that the computer model gives are probably sufficient.
Indeed it saves a lot of time that would be spent trying to arrive at
peak parameters by hand because the peaks overlap so strongly.

A few improvements have been made over the previous TSD modeling
program that was used in this research. The derivatives that are
used to form the A matrix are now exact derivatives instead
of approximations. The modeling program has also been simplified.
Before a systems library matrix inversion subroutine, and
eigenvalue-eigenvector ahalysis were both used to invert the TSD
data and arrive at the parameters. While the eigenvalue-eigenvector
analysis helped to understand how the inversion method works, it
slowed the program down and didn't improve the results. So this
has been eliminated from the program. In general the new program is
a quick and dirty version of the old one.

Now the assumption, that during discharging there is no internal
electric field deserves a few comments. Since there is no net electric

field to attract positive charges to negative charges, relaxation will



be controlled by the diffusion rates of different ions and defects.
Free charges, that can migrate through the bulk of the ice, are
sometimes called space charge. The diffusion rate of space charge
is probably influenced by the mass and size, of free charge carriers,
as well as by dislocations in the ice, which increase the mean path
length thé ion must travel,

van Turnhout (18) gives the féllowing disscussion on the
importance of the heating rate. "The important experimental parameter
is the heating rate, gq; this affects the height and position of the
TSD peaks. The current peak increases and broadens with heating rate.
This is so because, if q is higher, the same charge has to béireleased
in a shorter time. It is only the initial slope proportional to
o(T) that remains the same. The current maximum varies almost
proportionally to the heating rate. At the same time, it shifts to
a higher temperature, because the ice responds less quickly to a
higher heating rate." In addition van Turnhout lists the following
equation that relates heating rates to peak temperatures

2 2

(Tl /ql)xX(T1)=(T2 /g2)&(T2) (10)
where gl and g2 are héating rates in deg.K/sec

Tl and T2 are peak temperatures in deg.K.
Equation (10) becomes

2 2
(T1 /(ql?Y))EXP(-E/kT1)=(T2 /(q27 ))EXP(-E/kT2) (11)
o o

which can then be solved for E to get

2 2
E=k*LN( (T2 /g92)/(T1 /ql))/(1/T2-1/T1). (12)



Equation (12) provides a way of calculating E from the results of
heating rate tests. ¢
4-RESULTS

The results listed in tables 1 thru 6 are based on data taken
from 18 samples frozen in the concentric-cylinder sample holder.

All 18 samples were frozen from distilled water and, unless otherwise
indicated, were charged with a charging voltage df 1500 volts and
heated with a heating rate of .019 deg.K/sec. TSD runs were made both
with and without teflon blocking layérs.

A few comments about the freezing conditions are needed here. Ice
was frozen under atmospheric conditions, an 11 PSI vacuum and under
pressurized carbon dioxide. However the exact pressure of the carbon
dioxide over the freezing water is unknown after the bell jar valve
is closed. Thus better control over the gas conditions is needed.
Also the ice samples are most likely polycrystalline because
the freezing arrangement gave little control over the freezing rate.

In tables 1 thru 6 the total charge released from the electrodes
is calculated by integrating the area under the TSD plot. An
integrating program was written to accomplish this and is listed
in appendix VIII. The program outputs to a plot file the total
charge released versus temperature. The data input to the integrating
program are the same data files that are used by the modeling
program. Current values, thermocouple EMF'S and the time interval
between data points are required. When the digital printer is used
the time interval is a set constant. For concentric-cylinder samples

the time interval, between data points, is usually 60 sec. for



cold points and 120 sec. for the warmer points where less resolution
is required.

The dielectric constants are calculated by substituting the
total charge released, or the parameter P , into equation (9)
listed in the theory. The average resultsothat are shown in
table 6 are all arithmetic mean values except for 4 which is a
geometric mean value. °

Table 1, and appendix III, list data collected for samples
frozen under an 11 PSI vacuum in the concentric-cylinder sample
holder. Ice samples were frozen both with and without teflon blocking
layers. The data shows that ice exhibits three major TSD peaks
with peak temperatures and heights (P ) that vary from sample to
sample. The third peak presents a proglem, because its peak
temperature is so inconsistent that it is difficult to tell if a
sporadic peak is the third peak or not. The two coldest peaks are
much more consistent in both peak temperature and height. Peaks that
are too ill-defined to give reliable data are represented by a dash
in the data tables.

Superposed over most of the TSD spectrum is a more or less
continuous discharge current that is most apparent between the second
and third peaks. When teflon blocking layers are used, this discharge
current can actually be opposite in magnitude to the three main peaks,
as is illustrated in figure 7. This current causes problems in modeling
TSD peaks because the model requires that the tails of the peaks go to

zero. When no teflon blocking layers are used this discharge current

can substantially add to the dielectric constant calculated from Jjust
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the two coldest peaks, as can be seen by comparing £ £or the two peaks
with ¢ calculated from 90 deg.K to 230 deg.K, in tagle 6.

T:ble 2 lists data collected for samples refrozen under an 11 PSI
vacuum in the concentric-cylinder sample holder. TSD plots for refrozen
samples are illustrated in appendix III. Averaged differences between
refrozen and original samples are given in table 6.

Table 3 lists data collected for samples refrozen under a carbon
dioxide atmosphere in the concentric-cylinder sample holder. TSD plots
for these samples are again shown is appendix III, and averaged
differences between original samples, samples refrozen under an 11
PSI vacuum, and samples refrozen under CO are given in table 6.

One problem that was encountered witi freezing under
carbon dioxide was that the sample volume greatly increased due
to the frozen in gas. In some cases a portion of the sample was
lost over the sides of the sample holder due to expansion. This can
be compensated for by removing some of the water before freezing but
it is difficult to know how much to remove. This lends some
uncertainty to plots that compare TSD runs of samples before and
after refreezing under carbon dioxide.

Presented in table 4 are the data for the heating rate tests that
were done on sample # RSSTl. TSD plots of these runs are shown in
appendix IV. Reducing the heating rate from .034 to .009 deg.K/sec
reduces the first peak temperature by an average of 3.1 deg.K. The
second and third peaks were not well defined so no conclusions can

be made about them. Varying the heating rate has no effect on the total

charge released from the electrodes, as is illustrated by the constant
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value of the dielectric constant.

The charging voltage has a predictable effect on peak heights
as can be seen from the results listed in table 5, and from the
corresponding TSD runs given in appendix II. If the charging voltage
is tripled, from 500 to 1500.volts, the average charge released, up to
230 deg.K, increases by a factor of 3.2. This is almost a linear
response. More specifically, the first two peak heights increase by
average factors of 2.4 and 3.6 respectively, although these figures
are rough estimates due to peak overlapping. These averages are based
on charging voltage tests run on three different samples.

Table 6 contains a summary of the refreezing tests that were
done on samples both with and without teflon blocking layers. One
noticeable trend is that when samples are refrozen, under an 11 PSI
vacuum, the first peak temperature decreases, by 1.6 deg.K for
samples without blocking layers, and by 2.2 deg.K for samples with
blocking layers. The second peak temperature decreases, by 2.4 deg.kK
for samples without blocking layers, and by an unknown amount for
samples with blocking layers. In fact, refreezing with blocking
layers makes the second peak almost disappear. The third peak
temperature decreases by 4.5 deg.K without blocking layers, and
increases by 3.7 deg.K with blocking layers.

Refreezing of ice samples under carbon dioxide had the following
effect on peak temperatures. The first peak temperature remained the
same for samples without blocking layers, and decreased by 1.4 deg.kK
for samples with blocking layers. The second peak temperature

increased, by 6.4 deg.K for samples without blocking layers, and by
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an unknown amount for samples with blocking layers. The third
peak temperature decreased, by 1 deg.K for samples without blocking
layers, and by 8 deg.K for samples with blocking layers.

Table 6 also shows that refreezing of ice samples, under an 11 PSI
vacuum, changes the peak heights as can be seen by comparing the P
values. Samples with and without teflon blocking layers show the sgme
trend of the first peak height increasing and the second peak height
decreasing. The third peak height shows an inconsistent response.
Refreezing of ice samples under carbon dioxide decreased the first two
peak heights and increased the third.

Refreezing of ice under carbon dioxide has a radical effect on the
dielectric constant calculated from 90 to 230 deg.K. When comparing
samples frozen under an 11 PSI vacuum to samples frozen under
carbon dioxide, the dielectric constant increases by 4.5 times without
blocking layers and by only 1.4 times with blocking layers. This is a
pretty big disparity. It should be noted that the increase in the two
dielectric constants is due to increases in the continuous discharge
current between the second and third peaks, and the third peak itself.

Reliable estimates of the first two peak's parameters are
difficult to come by because of strong overlapping of the peaks.

The best estimate of the first peak's parameters is probably given
by the ice samples that were repeatedly refrozen, under an 11 PST
vacuum, with blocking layers. These TSD runs seemed to give the
sharpest and most isolated first peak. Thus the parameters are E=
.601 X 104cal/mole, Y =.234 X lagsec and P =.624 X lascoul/cmz. The

o o
best estimate of the second peak's parameters is probably given



by the original samples which were frozen under an 11 PSI vacuum.
These TSD runs gave the largest second peak and smallest first peak.
The parameters are E=.532 X 104cal/mole, Y =.204 X la7sec and P =
911 X lascoul/cmz. These second peak para;etef estimates are ngt

as reliable as the first peak parameter estimates.

Data for ice samples run in the flat-disk sample holder is not
included in these results for two reasons. The heat flow in the flat-
disk sample holder is not as good as in the concentric-cylinder
sample holder. This and the fact that the thermocouple is not
frozen into the ice leads to peaks that are about 16 deg.K warmer than
peaks obtained using the concentric-cylinder sample holder. This
temperatufe shift can be seen in figure 8. Also it is uncertain what
surface area to divide the current by to get a current density. When
the guard ring is connected to the inner disk, the surface area should
be 11.34 cmz, and when the guard ring is floating the area should be
3.80 cmz. However, if these numbers are used, runs done on the same
sample with the guard ring floating and connected don't givé identical
results. Again this discrepancy may be due to the error of not
having the guard ring grounded. This can be seen in appendix X.

Except for the temperature shift, the flat-disk samples, y;th teflon

3
o S A
AT

blocking lavers, store about the same amount of chafgeﬁééfthém“

JO A

concentric-cylinder samples with teflon blocking layers. This can
be seen in figure 9. The flat-disk samples were ground to the same
thickness as the concentric-cylinder samples so that the cumulative
charge densities could be compared.

Figures 10 and 11 are examples of actual TSD data that haven't
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been smoothed out., It is interesting to note how bumpy the current
line is after the coldest peak. There is a general trend for the
current to be irregular like this between the first and third peaks.
Since the concentric-cylinder sample holder has very good heat

flow, these bumps are probably caused by the heaters pulsing and
thus creating small temperature fluctuations. The flat-disk sample
holder does not give a bumpy current probably because the heat flow
is not good enough. It is certain that these irreqularities are

not electrical noise from the heaters because that has been observed
before and looks much different.

Putting things in perspective, it is helpful to note how
consistent the coldest peak in ice is. Figures 12 and 13 show how
little the first peak changes when ice is refrozen under an 11 PSI
vacuum, refrozen under carbon dioxide, or frozen with blocking layers:
The rest of the TSD spectrum can really fluctuate but the first peak
remains pretty stable.
5-DISCUSSION

Looking first at the coldest pe;k; it appears that L and D
defects are the polarizing mechanisms for the following reasons. The
first peak height is pretty consistent whether there are teflon
blocking layers or not. This seems to indicate that the polarization is
due to an intrinsic property of the ice and not electrode-ice surface
interactions. A ferroelectric response seems unlikely because there is
no TSD current without a polarizing electric field. The addition of
carbon dioxide to the water does not increase the peak height,

+

which seems to rule out H O defects as being the cause of the
3
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polarization. The shift in peaks toward warmer temperatures

when the héating rate is increased tends to support a relaxation
process and discredit the idea of a thermodynamic phase
transformation. Finally, the approximately linear increase

in peak height with increasing charging field supports an ice
volume polarization mechanism.

The work done by Johari and Jones on H O and D O ice, as mentioned
in the introduction, gives strong evidence ihat thezcoldest peak is due
to a relaxation of protons. The deuterons, being larger and heavier,
take longer to relax than protons and thus give a warmer first peak.
Johari and Jones also observed a shift in the first peak temperature
toward warmer temperatures when the heating rate was increased.

It is interesting to notice what happens when Johari's heating
rates and peak temperatures are substituted into equation (12).
Table 8 shows the results of these calculations for Johari's data
and this study's data. It seems that the greater the difference in
in the two heating rates the smaller the calculated E; which says
that the peak temperature does not increase linearly with increésing
heating rate. This is also evident from the heating rate test plots
shown in appendix IV. Also notice that the calculated E only agrees
with' small heating rates. This suggests that a smaller heating rate
should be tried for this study to see if the activation energy
increases.

-+

The conclusion that H O defects are not responsible
3
for the first peak is supported by Chamberlain and Fletcher's

work as mentioned in the introduction. They noticed no change in the
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first peak magnitude with varying concentrations of HF. This is
+

assuming that acidic water produces ice with more H O defects.

The second peak reacts in much the same way as3the first peak,
except that it is more inconsistent because it is in the temperature
range of the positive and negative continuous discharge currents. These
currents add and subtract from the peak thus making it hard to model.
The first two peaks also seem to be interrelated. It was mentioned
in the results that degassing of a sample decreases the second peak
height and increases the first peak height. One possible explanation
for this behavior is that the second peak is caused by L and or D
defects being trapped by some impurity from dissolved gases. As the
gas content is lowered, by refreezing under an 11 PSI vacuum, there
are less impurities so the second peak height decreases_and the first
peak height increases. However, it has already been noted that
dissolved carbon dioxide does not increase the second peak
height, so some other gas may supply the trapping impurity.

Changes in the second peak height are probably responsible
for the small temperature shifts of the first peak. It was mentioned
in the results that the first peak shifts to a colder temperature
after repeated refreezing. This is because the second peak height
decreases, which results in a temperature decrease of the overlapping
first peak. In addition to this, gas bubbles may hinder the diffusion
of I, and D defects and thus lengthen the time for relaxation to
take place.

The area of the TSD spectrum between the second and third peaks

is difficult to draw any conclusions about because it is so



inconsistent. More work needs to be done to find out what causes the
positive discharge current that is so apparent when no blocking
layers are used. This continuous current distorts the shape of the
second and third peaks and really makes the third peak too difficult
to work with. It is this continuous positive discharge current

that is the major contributor to the dielectric constant. Thus it

is important to know if this current is caused by an intrinsic
property of the ice.

Superposed over this positive heterocharge current is the negative
homocharge current that is most visible when blocking layers are
used. This homocharge is probably caused by electrons being injected
into the ice at the electrode-ice surface. Teflon blocking layers
prevent the homocharges from recombining with image charges on the
electrodes, so the homocharges must recombine in the ice to give a
negative current. Since electrons are much more mobile than protons,
they are able to react to small scale temperature fluctuations. This
may be the cause of the bumpy current line mentioned in the
results. When no blocking layers are used most of the homocharges
recombine with image charges on the electrodes, which reduces the
negative current and makes the positive current more visible.

It is difficult to imagine how the ice-electrode interface
can be any more perfect since the ice is frozen in the sample
holder. So if the homocharge current is caused by Townsend breakdown
in the supposed air gap between the electrode and ice, it is probably
due to the ice shrinking away from the sample holder walls during

cooling.



Almost as inconsistent as the area between the second and third
peaks is the third peak itself. It is variable in both peak height
and peak temperature between different samples, but is always there,
The fact that the third peak height increases when carbon dioxide is
frozen into the ice could indicate that this third peak has ionic
defects, such as H O+, as its polarization mechanism. This is
consistent with thz results of Mascarenhas and Arguello. They found
that the third peak height increased as the HF concentration was
increased. It is too bad that the third peak is so interfered with
that it can't be modeled. If a way could be found to eliminate
the positive and negative continuous currents then more progress
could be made on the warmest peak.

A review of the previous works mentioned in the introduction
shows that the first peak temperature ranges from 100 deg.K to 125
deg.K depending on which author is presenting the results. This
variability is most certainly due to the different apparatuses used.
Previous works done in this laboratory reported the first peak
temperature, with blocking layers, as 125 deg.K instead of 109.8 deg.kK,
just because a different sample holder was used. 109.8 deg.K is more

accurate because the temperature monitoring thermocouple was frozen

into the ice and not inserted into a hole in the electrode. Previously

the first two peaks' parameters were reported as E=.721 X 104cal/mole
and Y =.350 X lalgec for the first peak, and E=.824 X 104cal/mole and
1’=.580 X laliec for the second peak. Now, by using the concentric-
c;linder sample holder, they are E=.601 X 104cal/mole and Y =.234
X lagsec gor the first peak, and E=.532 X 104cal/mole and ??=

- o

.204 X 10 sec for the second peak. Another difference between the



previous flat-disk sample holder data and the new concentric-cylinder
sample holder data is that the previously reported 155 deg.K peak is
now gone. This may have been a phantom peak caused by poor heat flow.

There is a big discrepancy between the E and 7 reported in

o
this study, and the E and Y reported by Johari and Jones as

o}
can be seen in table 7. They give an E twice as big and a ¢ 10

o
orders of magnitude smaller than this study reports. Figures

13A and 13B illustrate what Johari's reported parameters give
compared to typical TSD plots collected at this laboratory. The
difference seems to be that Johari and Jones apply some peak
cleaning method to their data before they model it. They eliminate
a bulge on the rising side of the first peak and eliminate

the effects of the second peak to arrive at some idealized data.
This may or may not be a valid procedure depending on whether

the first peak has a discrete E or a distributed E. In any case the
E and ¥ , calculated in this study, may be more an average set of
parametgrs for the first peak complex than a discrete set of
parameters for the first peak.

The discrepancy mentioned above brings to mind a possible
improvement in the TSD modeling procedure. The inversion program
used in this study looks at all the data points that comprise each
peak. Perhaps it would be better to develop a program that only
looks at a few points around the peak top, where thé bulge on the
rising side, and the second peak, have less influence over the data

than the major first peak mechanism. This method would probably give

results more in line with Johari's. If only the peak top is modeled
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then the heater fluctuations should be smoothed out to give a smooth
first peak, and good resolution.
6-CONCLUSIONS

In brief, it seems pretty certain that the 109.8 deg.K peak
in pure ice is caused by the relaxation of L and D defect dipoles.
An estimate of this peak's parameters is E=.601 X 104cal/mole and
Y =.234 X 1agsec. It is uncertain whether this peak should be
rgpresented by a discrete or a distributed set of parameters; however,
the low value of E calculated in this study does indicate that a
distributed set of parameters is possibly more correct.

The 136.3 deg.K peak may be caused by L and or D defects being
trapped by impurities from dissolved gasses. An estimate of its
peak parameters is E=.532 X 104cal/mole and Y =.204 X 1a7sec. Much
more work needs to be done on this second peai before this is a firm
conclusion.

The warmest peak may be due or partly due to H 0+ defects.
Because this peak is so broad and inconsistent it ig thought that
space charge relaxation may also contribute to it. Its peak
temperature ranges from 218 to 230 deg.K depending on the freezing
conditions and what other current is interfering with it.

Ice also exhibits some continuous currents, primarily located
between the second and third peaks. When Teflon blocking layers are
used a homocharge current is visible, and when no blocking layers are
used a continuous heterocharge current is visible. Both currents

are probably due to electrode-ice surface interactions.

7-SUGGESTIONS FOR FUTURE WORK



This author believes that the polarization mechanism responsible
for the coldest TSD peak has been pretty well determined, however
it remains to be seen if the first peak's parameters agree with the
theoretical estimates of parameters for L and D defects. The ansher
to that question should give some insight into whether there are
really more peaks that make up the first peak, whether there is thermél
broadening, or does the first peak really have a distributed parameter
set,

More TSD runs, using the concentric-cylinder sample holder
with and without blocking layers, need to be done with different
gases such as carbon dioxide, nitrogen and oxygen. The results of
these tests should help to verify or discredit the hypothesis that
the second peak is caused by L and or D defects being trapped by
a gas impurity. Also if the second peak can be enhanced then better
peak parameters can be obtained for it. These tests would require
that a second valve be put on the freezing apparatus for exhausting
the existing gases out from under the bell jar. TSD runs done with
different gases may also provide some clue as to what causes the
continuous positive discharge current between the second and third
peaks. This current is such a large portion of the dielectric
constant that it is important to understand it.

Some improvements need to be made on the teflon blocking layers
used with the concentric-cylinder sample holder. They are difficult
to remove once they are in the sample holder, and it is too easy to
get moisture trapped between the blocking layer and stainless-

steel wall ofvﬁhe sample holder.



The TSD modeling program could be greatly improved. The first
peak should be modeled at its maximum where the second peak, and
bulge on the rising side of the first peak, have their least
influence. This means that only a few data points around the peak
maximum need be considered. Once parameters for the first peak are
calculated more data points are included in the model so that the
second peak's parameters can be calculated.

This modeling procedure is good for discrete parameter set peaks
but would not be good for a distributed parameter set peak. In the
latter case the inversion program could be rewritten to include a
distributed E or Y .

In both casesoattention should be paid to minimizing the time
and cost required to use the modeling program. For instance, if the
current density at one point is divided by the current density at
the next point, P is eliminated from the equations. This leads
to smaller matricgs and less computational time. A different modeling
scheme (possibly Newton's Method) would probably give a better
estimate of T .

If a lim?ted number of data points are used, say around a peak
top, then the current density line should be smoothed out. Because
only a few data points are used for the model, sources of error, such
as heater fluctuations, must be limited. It should be possible to
accomplish this by experimenting with different combinations of
heating rate and controller thermocouple placement. It would be nice
if this were done in any case. At present there are some fluctuations

in the current density line because the heaters tend to over-shoot

the controller, and then wait for it to catch up.
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APPENDIX I-MISCELLANEOUS TSD PLOTS
THIS APPENDIX CONTAINS ASSORTED TSD PLOTS THAT DON'T FIT
INTO OTHER APPENDICES BUT ARE NEEDED TO COMPARE RUNS OF DIFFERENT

SAMPLES AND GET TOTAL CUMULATIVE CHARGE DATA.
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APPENDIX II-CHARGING VOLTAGE TESTS

THIS APPENDIX CONTAINS TSD PLOTS THAT COMPARE SAMPLES

CHARGED WITH DIFFERENT CHARGING VOLTAGES.
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APPENDIX III-REFREEZING TESTS
THIS APPENDIX CONTAINS TSD PLOTS THAT COMPARE SAMPLES
THAT HAVE BEEN FROZEN UNDER AN 11 PSI VACUUM, REFROZEN UNDER AN

11 PSI VACUUM, AND REFROZEN UNDER CARBON DIOXIDE.
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APPENDIX IV-HEATING RATE TESTS

THIS APPENDIX CONTAINS TSD PLOTS THAT COMPARE SAMPLES

RUN AT DIFFERENT HEATING RATES.
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APPENDIX V-COMPUTER MODEL RESULTS
THIS APPENDIX CONTAINS TSD PLOTS THAT COMPARE THE TSD DATA

TO THE INVERSION PROGRAM MODEL RESULTS.
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APPENDIX VI-INVERSION PROGRAM MODELING PROCEDURE
THIS APPENDIX BRIEFLY DESCRIBES THE MATHEMATICS INVOLVED IN THE
INVERSION MODELING PROGRAM. A MORE COMPLETE TREATMENT IS GIVEN IN

WILL'S GREEN NOTEBOOK.



INVERSION PROGRAM MODELING PROCEDURE

The model equation that is used for this work is

2
J(T)=(P /7 )exp(~E/KT)exp((-kT /qY E)exp(-E/kT)H(E/KT)). This
(o] O O :

can be represented as some function of the parameters E,Wg , P
and the temperature as follows:

y=f(E ,E ,.o-o,E ,’Y ,’Y ]O"'I’Y' IP IP l""'P 'T)'
1 2 n ol o2 on ol o2 on

Now let x be the model parameters (E,7T ,P ) where j=1,3(npeaks) and
j o o

let v be the data points (current densities) where i=1,ndata. So
i

y =f (x ,T ), and now expand this function in a Taylor series about
i i 3 i
o
some initial guess x . This gives the series equation

J
o ! o) o v o o2
y=f (x ,T)+f (x ,T )(x -x )+<f£ (x ,T)(x -x ) /2!+....>.
i i3 i 1 3 i 373 i i1 3 3

The quantities in brackets are higher order derivative terms which

will be ignored, but will introduce some error. This Taylor series

o) ' o) o)
expansion reduces toy =f (x ,T )+f (x ,T )(x -x )+error.
i i 3 i i 3 i i 3

k o] k! o) o
Now for i=1l vy -ff (x ,T )=éf (x ,T ){(x -x )
11 3 11 3j 1 3 3

K o (O
for i=2  y -ff (x ,T)=ff (x ,T )(x -x )
2#2 3 22 3 2 3 73

k Ie) 13
for i=n v —{f (x_ ' T )=£f (x' T )(x.—x. )



wnere n=naata ana K=j(npeaksj). S01iVving Tls sSysStel OL eguatlions

gives

- o o o o

Y _f bf /BX )f /BX EEEEREEEER) Bf /BX X —X

1 1 1 1 1 2 1 k 1 1
o) o) o o)

y —-f df /[ox Bf /OX  veeeenee Of /dx X -X

2 2 2 1 2 2 2 k 2 2
o) o) ) o fo)

y -f VDE /I V PX eeeee... ¥Ef fx X -X

n n [ n 1 no 2 n k| kK k

which can be simplified to <A¥Y>=<A><AX>, which can be transformed,

=1
by taking the inverse of the A matrix, to <A> <AY>=<4X>. Since
o
X =X + X , new parameters can be calculated from the equation
J 3 J
o] -1

X =X +<A> <A4Y >. However, since the initial model equation is
j 3 i '
o
non-linear, an iteration scheme will be used with x as the new x .
J J

To form the A matrix Bf/éE, 2£/T and Bf/bP will need to be
o o

calculated. Now the partial derivatives are calculated as follows:

2
23/0P =(1/7 )Zexp((~kT /% QgE)ZH(E/KT))
(o] (o] O
, 2 2 3 2

23/3Y, =P Zexp((~-kT /Y qE)ZH(E/KT)) ((kT /Y qE)ZH(E/KT)-1/7% )

(o] (o] (o] (o]

2 - 2

©53j/OE=P /Y Zexp((~kT /qEY )ZH(E/KT)) ((-kT /7 qE)Z(bH/BE-H/kT—H/E)—l/kT)

(o] o (o] ) o

where Z=exp(-E/kKT) and H(E/kT) is Hasting's approximation. To form



_ ‘ 2 22 3 22 22
2H/%E=(b -a +(b -a )kT/E) (b kT/E +2b_k T /E )/(1+b kT/E+b k T /E )
1 1 2 2 1 2 1 2
2 22 2

-(b -a )KT/E /(1+b kT/E+b kK T /E ).
2 2 1 2 :

The modeling procedure used weights the data and parameters
according to their uncertainties. We have <AY¥>=<A><AX>. If undata=
standard deviation in data and unpar=standard deviation in parameters
then <AY>/undata=(unpar/undata)<A><AX>/unpar=<AW><4X>/unpar where <AW>

is the weighted A matrix. This gives an equation, for the change in

-1
parameters after each iteration, of <AX>=(unpar/undata)<AW> <AY>

o
and <X >=<AX +X > are the new parameters. The new uncertainties in

J J 3

the parameters are found by taking the square roots of the diagonal

-1 -1 T
terms of <<A> (<A> ) > ( T denotes matrix transpose) and multiplying

by unpar, as is explained below. Remembering the equation <AX>/unpar

-1 -1 T 2
=<AW> <AY>/undata, and letting B=<AW> gives <AX><8X> /unpar =

T 2 T
B(<AY><AY> /undata )B . Now the covariance is calculated by

T 2 2 T T
covariance (<AX><AX> )=(unpar /undata )BE(<AY><AY> )B where E is the

T 2 2 2 T 2 T
expectation. So cov(<AX><AX> )=(unpar /undata )B(undata ) B =unpar BB

T 1/2
which implies that <6px>=unpar<diagBB > are the new uncertainties in

the parameters.

A quantity that can help in making modeling decisions is big R



if big R<<1l then the estimates for 61 may be too large and or we
i
have more parameters (too detailed a model) than are
justified by the data.
if big R>>1 then the estimates for &€; may be underestimated and or
we may have too simplistic a model (not enough
parameters).

if big R¥1 then we probably have a reasonable solution, if the

error estimates are correctly estimated.

The new parameter uncertainties, that are calculated, are not
fed back into the iteration scheme as new uncertainties, but are kept
in mind until the iterating is done. Then the parameter uncertainties
give an idea of how well the inversion technique has determined each

parameter (ie. the error involved in determining each parameter).



APPENDIX VII-SUBROUTINE DOCUMENTATION AND MODELING PROGRAM.
THIS APPENDIX CONTAINS THE INVERSION MODELING PROGRAM SP.FOR
USED TO MODEL ICE TSD DATA, DOCUMENTATION FOR THE IMSLIB
SUBROUTINES THAT SP.FOR CALLS, AND AN EXAMPLE OF A PARAMETER

FILE AND TEST RUN OF SP.FOR.



IMSL ROUTINE NAME
PURPOSE
USAGE

ARGUMENTS A

M

TCL

PRECISION/HARDWARE

REQD. IMSL ROUTINES

NOTATION

i

LGINFE
GENERALIZED INVERSE OF A REAL MATRIX
CALL LGINF (A,IA,M,N,TOL,AINV,IAINV,S,WK,IER)

M BY N MATRIX:. (INPUT) A IS DESTROYED.

ROW DIMENSION OF MATRIX A EXACTLY AS
SPECIFIED IN THE DIMENSION STATEMENT IN THE
CALLING PROGRAM. (INPUT)

A TS USED BY LGINF AS WORK STORAGE FOR AN
N BY N MATRIX. THEREFORE, IA MUST BE
GREATER THAN OR EQUAL TO MAX(M,N).

NUMBER OF ROWS IN A. (INPUT)

NUMBER OF COLUMNS IN A. (INPUT)

TOLERANCE PARAMETER. (INPUT)

IF TOL IS LESS THAN OR EQUAL TO ZERO ON
INPUT, LGINF COMPUTES THE GENERALIZED
INVERSE OF A.

IF TOL IS GREATER THAN ZERO ON INPUT, LGINF
COMPUTES THE GENERALIZED INVERSE OF A MATRIX
CLOSE TO A, BUT HAVING CONDITION NUMBER LESS
THAN 1.0/TOL.

N BY M MATRIX. (OUTPUT)

AINV CONTAINS THE GENERALIZED INVERSE OF A
OR THE GENERALIZED INVERSE OF A MATRIX
CLOSE TO A. SEE TOL ARGUMENT DESCRIPTION.
ROW DIMENSION OF MATRI¥ AINV EXACTLY AS
SPECIFIED IN THEZ DIMENSION STATEMENT IN THE
CALLING PROGRAM. (INPUT)
VECTOR OF LENGTH N. S CONTAINS THE ORDERED
STINGULAR VALUES OF A. - S(1) .GE. 5(2),...,
.GE. S(N) .GE. 0. (CUTPUT)
WORK VECTOR OF LENGTH 2N.
ERROR PARAMETER. (QUTPUT)
WARNING ERROR
IER=33 INDICATES THAT MATRIX A IS NOT
FULL RANK OR VERY ILL-CONDITIONED. SMALL
SINGULAR VALUES MAY NOT BE VERY ACCURATE.

IER=34 INDICATES THAT EITHER N.LE.O OR
M.LE.O.

TERMINAL ERROR
IER=129 INDICATES THAT CONVERGENCE WAS

NOT OBTAINED BY LSVDB AND COMPUTATION
WAS DISCONTINUED.

SINGLE AND DOUBLE/H32
SINGLE/H36,H48,H60

LGING,LSVDB,LSVGl,LSVGZ,VHSlZ,UERSET,UERTST,
UGETIO

INFORMATION ON SPECIAL NOTATION AND

CONVENTIONS IS AVAILABLE IN THE MANUAL
INTRODUCTION OR THROUGH IMSL ROUTINE UHELP

June, 1980 LGINF-1



Algorithm

LGINF calculates the generalized inverse of an M by N matrix A.
Either M.GE.N or M.LT.N is permitted.

LGINF computes the singular value decomposition of A as follows:
UQVF, where

A =

U is an M by M orthogonal matrix,

Q is an M by N matrix with all elements zero except Q(I,I)=35(I),
I=1,..., MIN {M,N), and

V is an N by N orthogonal matrix.

The pseudo-inverse is given by

2t = votul
See references:
1. Golub, G.H. and Reinsch, C., "Singular value decomposition and
least sguares solutions,"” Numerische Mathematik, 14(5), 1970, 403-42(
2. Lawson, Charles L. and Hanson, Richard J., Solving Least Sguares

Problems, Prentice-~Hall, Inc., Englewocd Cliffs, NJ, 1974, 36-40.

Example

This example computes the generalized inverse of a 3 by 2 matrix A.
The output generalized inverse is stored in AINV. The singular values
‘are stored in vector S.

Input:

INTEGER IA,W W,IAIVV IER
REAL A3 ,TOL,AZNV (2,3) ,5(

0.
l 1.
100. -50.

[ g0)

) WK (4)

IAa
IATNV
M

N

TOL 0.0

CALL LGINF (A,IA,M,N,TOL,AINV,IAINV,S,WK,IER)

N W W

[T { T (I ¢

END
Output
IER = 0
.1 .3 .006
AINV = r p ]
.2 .6 ~-.008
L
s = (111.808,1.414)



IMSL ROUTINE NAME

PURPOSE

USAGE

ARGUMENTS A
B
L
M
N
IA
IB
c
IC
IER

PRECISION/HARDWARE

REQD. IMSL ROUTINES

NOTATION

Algorithm

VMULFF performs the
are in full storage

VMULFF
MATRIX MULTIPLICATION (FULL STORAGE MODE)
CALL VMULFF (A,B,L,M,N,IA,IB,C,IC,IER)

L BY M MATRIX STORED IN FULL STORAGE MODE.
(INPUT)

M BY N MATRIX STORED IN FULL STORAGE MODE.
(INPUT)

NUMBER OF ROWS IN A. (INPUT)

NUMBER OF COLUMNS IN A (SAME AS NUMBER OF
ROWS IN B)., (INPUT) ~" N, <

NUMBER OF ‘ROWS IN B. (INPUT) CoLvmms

ROW DIMENSION OF MATRIX A EXACTLY AS
SPECIFIED IN THE DIMENSION STATEMENT IN THE
CALLING PROGRAM. (INPUT)

ROW DIMENSION OF MATRIX B EXACTLY AS
SPECIFIED IN THE DIMENSION STATEMENT IN THE
CALLING PROGRAM. (INPUT)

L BY N MATRIX CONTAINING THE PRODUCT
C = A*B. (OUTPUT)

ROW DIMENSION OF MATRIX C EXACTLY AS
SPECIFIED IN THE DIMENSION STATEMENT IN THE
CALLING PROGRAM. (INPUT)

ERROR PARAMETER. (OUTPUT)

TERMINAL ERROR
IER=129 INDICATES A,B,OR C WAS DIMENSIONED

INCORRECTLY.

SINGLE AND DOUBLE/H32
SINGLE/H36,H48,H60

UERTST,UGETIO
INFORMATION ON SPECIAL NOTATION AND

CONVENTIONS IS AVAILABLE IN THE MANUAL
INTRODUCTION OR THROUGH IMSL ROUTINE UHELP

matrix multiplication A x B where both A and B
mode.

"The following computation is performed:

C,
i

M :
.= As . B .
¢ égl i,k7k,3,

where i = 1,...,Land J =1,...,N.



LxXample

This example multiplies a 4 by 5 matrix A by a 3 by 4 matrix B.

Input:
INTEGER L,M,N,IA,IB,IC,IER
REAL A(4,5),B(3,4),C(5,5)
14. 15, 12. b4 b4
A = 28. - 9. - 3. X X
Tl 14, -27. 12. X X
14. 36. 33. p:4 X
1. 2. 1. 1.
B = 2- —l- “2. 50
3. -1. 1. 8.
L =4
M =3
N =4
IA = 4
IB = 3
IC =5
Output:
IER= 0
80. 1. - 4, 185. X
1. 68. 43, -41. X
C = -4, 43, 80. -25. X
185. -41. -25, 458. b4
X x X X X

x implies "not used by subroutine VMULFF".



OO0 n000000c00

To execwte type EX, SAFOR SYSSIMSLTE/LTR

THIS IS PROGRAM SP.FOR THAT IS USED TO MODEL THE THERMALLY
STIMULATED DISCHARGE OF PURE ICE, WITH UP TO 5 PEAKS. IT
HAS ONE MODEL EQUATION:
J (T) =P /TAU*EXP (~E/ (K*T) ) *EXP ( (~-K*T**2 / (Q*TAU*E) *
EXP (-E/ (K*T) ) *H)
WHERE J=DISCHARGE CURRENT DENSITY IN AMPS/CM**2
E=ACTIVATION ENERGY IN CAL/MOLE
-~  TAU=RELAXATION PERIOD IN SEC
P=MAXIMUM POLARIZATION IN COUL/CM**2
T=ABSOLUTE TEMPERATURE
Q=HEATING RATE IN DEG C/SEC
K=BOLTZMAN CONSTANT (a} fey-roie
H=NUMERICAL INTEGRAL |\ o cionlcoc
ANSWER QUESTIONS 1 YES N0

THIS PROGRAM REQUIRES A DATA FILE, PARAMETER FILE; AND IT ASKS
FOR THE NUMBER OF PEAKS IN THE MODEL, UNCERTAINTY IN DATA,
TOLERANCE PARAMETER AND SAMPLE AREA.

\\

real descr(20),y0(100,1) ,emf(100),tc(100)
1,tk(100) ,expn(100) ,dely(100,1) ,delx(15)
1,a(100,15),aw(100,15) ,unpar(15)
1,x(15),ainv(15,100) ,eva(l5),wk(30)
1,v2(100,1),v(100,1) ,uncerx(15) ,ainvt(100,15)
l,er(15,15),diel(5),c(15,15),b(100,15)

double precision datin,pdatin
integer ndata,npeaks,npar,again,decide, index,ndec
index=1

00s our in dat i nam
Sgite?sljl) input data file name Tapet Hhe corrent ond
format (X, 'INPUT DATA FILE NAME ?') thermocouple (em ) doda
read(5,2)datin {?‘er nowr e
format (A10) g

e.q. FI$2, dat

create disk files

open(unit=20,access="'seqgin',file=datin)
open(unit=23,access=‘seqout‘,file='pltout')—-Qﬁgk_ﬁﬁg,ﬁb(=9hﬂ4{,

A}
do you want data readout N\Odei*fj regy l+e
write(5,3) N
format (X, 'DO YOU WANT DATA READOUT') ;;p answevs ¢ no *@%\*ﬂf~
read(5,4)ndec 1S ne aan«gy%&r priatout
format (I) and |eae d‘sfll%)’ on vide

read descriptive data from input data file Sereen

do 5 i=1,3 \ \ ,
read(20,6)descr Reads 1n data 4;\&»ﬂ&mha} gample

format (20A5) # data Preezin ond iy b
if (ndec.EQ.0)go to 5 ‘ ’ j cond i ong A

write out descriptive data
write(5.7)descrk



10

12
800

801

13

14
98

15
16

17

18

“if (ndec.EQ.0)go to 98 no"”“aiczed-LUFP&A*‘den;;fy

read fourth line of data into input file ndata= # ot dode pornt
read(20,8)ndata,dt,q

format(X,I3,X,£3.0,X,£5.3) d+ = +'me \nterval bet

if (ndec.EQ.0)go to 12 dato, porats
= heat' rat

write out title to program 2 &w€43 &

write(3,11)

format(X,'THIS IS AN INVERSION PROGRAM FOR THE THERMALLY'

l,/,X,'STIMULATED DISCHARGE OF ICE')

write out fourth line of data
write(5,9)ndata,dt,q

format(/,X, "NUMBER OF DATA POINTS=',I3 7/ X

1, 'INTERVAL BETWEEN DATA POINTS=',f3.0, 'sec',/,X
1, 'HEATING RATE=',£f5.3,'deg/sec',/)
write(3,9)ndata,dt,q

write out headings

write(5,10)

write(3,10) -
format(//,X, 'CURRENT (A) ',6X,'T COUPLE (MV)',4X, 'CURR(E=10)"
1,4X,'DEG C',4X,'DEG K',/)

read experimental data into input file

write(5,800) ' W/
format (X, 'SAMPLE AREA IN CM**2 IN F FORMAT') -
read(5,801)sama - Sample oanr e.a. 0.3
format (£f) P A e 3 e
do 98 i=1,ndata

read(20,13)y0 (i,1) ,emf (i) — read in cwrread ond emP data
y0(i,1)=y0(i,1)/sama - divide current+ by cample area tp 3@3&‘
format (e, f) o auﬂreﬂ+— d@nsffy =.SCT)

call subroutine to convert thermocouple emfs to temperatures

call convrt(emf(i),tc(i),tk(i)) — convert thermocouple Voltages
expn(i)=y0(i,1)/l.e-10___ Temperatunt.

R

e

write out currents and temperatures _e¢ . °K p[p#,"’l
write(5,14)y0(i,1),emf (i), expn(i), tc(i), tK (i) J
write(3,14)y0(i,1) ,emf (i) ,expn(i),tc(i),tk(i)
format(e,4X,f6.1,6X,£5.3,9X,£6.1,4X,£5.1)

continue

write out temperatures and data to pltout file

do 16 i=1,ndata : wel Vs .
write(23,15)tk (i) ,expn (i) cite. out original corrent dens ity

format (2e) vE. *““P@“”HWYL date. +o plot $ile

continue

choose your parameter file name
write(5,17) Taput the parama-l—er
format (X, 'INITIAL PARAMETER FILE NAME ?') P.‘\e,name/

read(5,18)pdatin
format (Al10) e3- P'da"“-

create disk file
open(unit=21,access="'seqin',file=pdatin)

read the number of peaks in model



22
21

24
23

25

26

100

27
28

31
- 30

33
32

35
34

39

if (ndec.EQ.0)go to 21
write(3,22)npeaks
format(//,X, 'NUMBER OF PEAKS IN MODEL=',Il)

npar=3*npeaks — nymbesy of Pamme—}m 3 Hhmes ﬂ&numbe‘h o
Pea s

read in the parameters and uncertainties
teod (n E a\\o(gé

do 23 i=1,npar .
read(21,24)x(i),uncerx(l)'ﬂwa1“0&&hn

unpar (i) =uncerx (i) 31\@\««1\ w Y, and S
format (e, e) : calevlate vacerteinties B and 6_°
continue N P“W"\@é’m which will be ® AN 2,
read uncertainty in data points put A unpapff)

write(5,25)

format (X, 'UNCERTAINTY IN DATA ?') Uncery =estimecke.d unce«/*fwﬂy
read(5,26)uncery W the curreat defa
format(e) e"j“ 0‘“(/0.:\

write(5,100)uncery

if (ndec.EQ.0)go to 29
write(3,100)uncery

format(/,X, 'UNCERTAINTY IN DATA=',e)

write out parameters and their uncertalntles
write(5,27)

if(ndec.EQ.0)go to 28

write(3,27)

format(////,X, 'PARAMETERS', 18X, 'UNCERTAINTIES"')
do 30 i=1l,npeaks v
write(5,31)x (i) ,unpar (i) wele ot BT &g
if (ndec.EQ.0)go to 30

write(3,31)x (i) ,unpar (i)

format(X,'E="',e,10X,e)

continue c
do 32 i=npeaks+l,2*npeaks . X
write(5,33)x (i) ,unpar (i) r‘h&,ov*" Yo g¢
if (ndec.EQ.0)go to 32

write(3,33)x(1i) ,unpar (i)

format (X, 'TAU=",e,10X,e)

continue

do 34 i=2*npeaks+l,3*npeaks , +
write(5,35)x(i),unpar (i) write ovt Pb"’
if (ndec.EQ.0)go to 34

write(3,35)x (i), unpar (i)

format(X,'P=',e,10X,e)

continue

. I ~ ~ ~ . hw/
intialize y(j,1) to 0.0 ntalize the new corrent densihes
do 39 j=1,ndata (y-values) 4o o.0
Y(jll)=0-0
continue

Subrovtine. to caleviate H whicl

call subroutine to calculate H
do 37 i=1,npeaks s needed for the model eﬁu&ﬁm

do 38 j=1,ndata
call curint(tk(j),x(i),cinteqg)

call subroutine to calculate new Y values from parameters and
model

call ycalc(cinteg,tk(j) ,x(i),x(2*npeaks+i) ,x(npeaks+1i)
l’yz(j'l) 'q) add \s2 dalirae b msndd o ~ I\A;_- ‘4_-5‘



42

43

45
44

101

49

50
51

52

find change in Y by subtracting new Y from old Y
do 42 j=1,ndata .
dely(3,1)2y0(3,1)-y(3,1)  Had § 8y}

continue

write out new y and change in y

if(ndec.EQ.0)go to 44

write(3,43)

write(5,43)

format(//,X,"NEW Y VALUES',6X,'CHANGE IN Y',9X,'TK')
do 44 i=1,ndata

write(5,45)y(i,1),dely(i,1) ,tk (1)

write(3,45)y(i,1) ,dely(i,1),tk(1i)
format(e,2X,e,2X,£f)

continue

write out initial big li/wm‘-\»e. out \\m\va’ b\j Q, Gml'y w%@r
if(index.EQ.1l)go to 47 s e Yhe nOb fa
write(5,46)bigr 1< Hme th Wﬂ"‘* pregmm
if (ndec.EQ.0)go to 47

write(3,46)bigr

format(/,X,'INITIAL BIG R =',X,e)
0\

calcglgte big R . é( A)’; ] far we would
sum=0. .
do 48 i=1,ndata bB ”‘l&ﬁ’\ V“‘@"h”’ ) hke., h\&ﬁ&‘
sum=sum+ (dely (i, 1) /uncery) **2 =i data

continue
xxt=ndata
bigr=SQRT (sum/xxt)

weight dely weight § Y% matrix by +he

do 101 i=l,ndata U \ .
dely(i,1)=dely(i,1)/uncery " fainty in the data

continue

write out big R :

WEite(5,49)bigr TP bigR <l thea probobly won't
if (ndec.EQ.0)go to 50 wm-\* +o  fherade.
write(3,49)bigr

format(/,X,'BIG R="',X,e)

option to iterate

write(5,51)

format (X, 'DO YOU WANT TO ITERATE ?')
read(5,52)again

format (I)

if(again.EQ.0)go to 53

do 55 i=1,npeaks

do 54 j=1,ndata

call subroutine to calculate H calwlade B needed Por A modr
call curint(tk(j),x(i),cinteq)

call subroutine to calculate current derivative

call acindr (tk(j),x(i),acint) calevighes 2 _H_v'\e,@déai ‘Pof\
“bE

call subroutine to calculate A matrix

call acalc(tk(j),x(i),x(npeaks+i) ,x(2*npeaks+i),a(j,1)

1.afl1 _nneaks+i).ali.2%npeaks+i) .cintea.acint.a)
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64

65

97
96
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70

write(5,56)

write(3,56)

format(//,X,"'A MATRIX')

do 57 i=l,ndata

write(5,58) (a(i,3j),J=1,npar)
write(3,58) (a(i,3j),j=1,npar)
format (15e)

continue

weight A matrix according to parameter and data uncertainties
do 59 i=1,npar . A , R

do 60 j=1,ndata we”‘d)*s Ll 1)7 Mulhpbwﬁ
aw(j,i)=a(j,i) *uncerx (i) /uncery/uneniaiaty ia pou\meie&;; [’{I =[AW]
continue uncemmfky in data %

continue

write out weighted A matrix
write(5,61)

write(3,61)
format(//,X,'WEIGHTED A MATRIX')
do 62 i=l,ndata

write(5,58) (aw(i,3j),j=1,npar)
write(3,58) (aw(i,]j),j=1,npar)
continue '

decide which eigenvalues are to be kept by setting tolerance
write(5,63)

format (X, 'TOLERANCE ?') Parometen needed for )34‘,\4-“ cubroviqae.
read(5,64) tol v N h&

format (f) Lvatly we- ta ‘olemnce. = .o\
write(5,65)tol

if(ndec.EQ.0)go to 66

write(3,65)tol

format(/,X,'TOLERANCE= ', f)

Al t ) .
create a dummy A matrix for LGINF Lyind Suhﬁou&ﬂ&‘”’“ dﬁ“4fﬂy
do 97 j=1,npar - L
b(i,j)=aw(i,]) Avplicate. matrix = ref
continue
continue

call subroutine to calculate generalized inverse Svbhrovhne

call 1lginf(b,100,ndata,npar,tol,ainv,15,eva,wk,ier) caleylates
-1

write out A inverse matrix Léuil

write(5,67)

write(3,67)

format(//,%X,"'A INVERSE MATRIX')

do 69 i=1,npar

write(5,68) (ainv(i,j),j=1,ndata) s Ubrovdine VmuL FF mokhip i
write(3,68) (ainv(i,3),j=1,ndata) madni'ces fogethesr

format (45e)

continue

find the new XW values ;p\k&
call vmulff(ainv,dely,npar,ndata,1,15,100,delx,15,ier) v eye
do 70 i=1,npar : X = AX +  Xeo

X (i)=delx (i) *uncerx(i)+x (i) 2 N
continue om e b Cull? €., o7



[AW] —sainvt(i,j)=ainv(j,1i)

AL TSN, LA fm i g VAT w3 T v g

79 continue He. {\e,cw.hng matrix and mul+-fiy.133 by omgma
71 continue Uneertainty
call vmulff(alnv ainvt,npar,ndata, npar 15,100,exr,15,ier)

do 73 i=1,npar
unpar (i) SQRT(er(l,l))*uncerx(l)
73 continue
-] =1 T
c write out er matrix e er madnik = [auw]d [ awl
c write(5,74)
c write(3,74)
74 format(//,X,'THE AINV*AINVT MATRIX')
c do 75 i=l,npar
c write(5,76) (ex(i,j),j=1,npar)
c write(3,76) (er(i,j),j=1,npar)
76 format(1l5e)
75 continue
c calculate the R matrix
call vmulff(ainv,aw,npar,ndata,npar,15,100,r,15,ier)
2 32122((5)?;'7? matrix Q wadnix 1S o, Meature. c)-P um‘?ve«n&rﬁ
c write(3,77) of Hhe solvdon. T4 R = fd@%%'{y mata|
77 format(//,X,'R MATRIX') Hhen Here v o unigre L+ dalg
c do 79 i=1,npar ’
c write(5,78) (x(i,J) ,j=1,npar)
c write(3,78) (r(i,j),j=1,npar)
78 format (1l5e)
79 continue
c write out iteration heading
if (ndec.EQ.0)go to 81
write(3,80)
write(5,80)
80 format(/,X,'AFTER ITERATING')
81 index=index+l .= : :
g0 to 29 iherndion caunﬁqﬁ radex
c write out final y values
53 if (ndec.EQ.0)go to 83
write(5,82)
write(3,82)
82 format(//// X, 'CURRENT(A) ',9X, 'CURR(E-10) ',5X, 'DEG K')
83 do 84 i=l1l,ndata
yfin=y (i, ]_)/1 E-10 — normalize. Pinal Y- -valves Fop p QH.,:QJ
if (ndec.EQ.0)go to 84
wrlteg gg;ygl B,y:gln,ttﬁi) ;;r&g ouvt TalHal current dens: f
write(3, y(i,1),yfin, tk(1i) o Final current alﬁ«*’\.ﬁ:‘(’y ealeviates
85 format(X,e,6X,£5.3,8X,£5.1 '
84 contim(le' ' ’ Y 4 ) "PPGW\ ?av‘*&xm&%ﬁt O\V\d %MPW“FVF&
c option to create a plot file
write(5,90)
90 format (X, 'DO YOU WANT TO CREATE A PLOT FILE ?')
read(5,91)decide
91 format(I)

if (decide.EQ.0)go to 92
do 93 i=l,ndata . .
v(i.1)=v(i.1)/1.E~-10 _wrtke auk fiaaf  yevalues and



close(unit=21)
close(unit=23)

end per o

Ve k-
subroutine convrt(ee, tcc, tkk) ¢obrovthine 4o convert thermocoup
DS emfs 4o tempemtunres

a=2.383709%e~-02

b=-2.987839%e~06

c=-7.194581e-10
d=-1.00419433e-13
tcc=a*aatb*aa**2+c*aa**3+d*aa**4
tkk=273.2+tcc

return
end o é, ™
Ve 7/

subroutlne curint(tkj,xwi,cinteg) calculates }R needed $br
(. /al=2.334733 - the model eguabon, # (s
» /’M a2 0 250621 H 3 { A ¢ ,(.o
<14 [ 31237530657 asHag's approximatien the

b2=1.681534 current (ateqral

- a=(1.98**%2)* (tkj**2) /(xwi**2)
&, b=1.98*tkj/xwi '
Y cinteg=(bl-al+(b2- a2)*b)/(l 0+bl*b+b2*a)
return
end 55 Q
v

subroutine ycalc(cinteg,tkj,xw1 xw2 an yw2,q)
a=EXP (-xwi/(1.98*tkj))

b=-1.98* (tkj**2) / (g*xwi*xwn) caleulates cu/\r*ex\"‘ deasithes
yw2=(xw2/xwn) *a*EXP (b*a*cinteq) #%mn_*k&_f“o&ei e{““+f°ﬂ
return
end ' ?¥’ é qgs
Ve /
subroutine a01ndr(tkj xwi, a01nt)
al=2.334733
a2=0.250621 calevlakes ?H needed fw‘%
b1=3.330657 > E

b2=1.681534

a=1.98*tkj/xwi

b=a**2

c=b/xwi

d=a/xwi

e=1.0+bl*a+b2*b

f=bl-al+(b2-a2)*a

f2=bl*d+2.0*b2*c
acint=(f/(e**2))*f2~-((b2-a2)*d) /e" *
return

end o‘(—- g 6 R, /,56/ /o/**o\’ &5\@

subroutine acalc(tkj Xxwi, an xw2 (aji,ajn,aj2,cinte ,a01nt,q)
a=EXP (-xwi/(1.98*tk7j)) -

c=1.98%* (tkj**2) /(g*xwi*xwn)

d=acint-(cinteg/(1.98*tk]j)) -cinteg/xwi

d2=c/ (xwn**2)

aji=(xw2/xwn) *a*EXP (- c*a*01nteg)*( -c*a*d-1.0/(1.98*tkj))
ajn=xw2*a*EXP (-c*a*cinteg)* (a*cinteg*d2-1.0/(xwn**2))
aj2=(1.0/xwn) *a*EXP (-c*a*cinteq)

return

end ol Q\J\,OA‘ es ~H\@r ’%{&W\é«ﬂ'}’ﬁ f\ﬁ@e&&& %r\ "H\&»
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APPENDIX VIII-INTEGRATING PROGRAM AND TSD DATA
THIS APPENDIX CONTAINS THE PROGRAM EASY.FOR THAT PRINTS OUT
TSD DATA TO A PLOT FILE, AND INTEGRATES THE AREA UNDER THE TSD
PLOT TO PRINT OUT THE CUMULATIVE CHARGE DENSITY TO THE PLOT FILE.
ALSO LISTED IN THIS APPENDIX ARE PRINTOUTS OF THE TSD DATA USED IN

THIS STUDY.
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THIS IS PROGRAM EASY.FOR THAT IS USED TO INTEGRATE THE AREA UNDER
TSD PLOTS AND CALCULATE THE CUMULATIVE CHARGE RELEASED BY A TSD
RUN. IT ALSO WRITES THE TSD DATA STRAIGHT OUT TO A PLOT FILE ALONG
WITH THE CUMULATIVE DATA.

TO ANSWER QUESTIONS TYPE 1 YES 0 NO

THIS PROGRAM REQUIRES ANY DATA FILES THAT NEED TO BE WRITTEN OUT TO"
A PLOT FILE AND THE SAMPLE AREA FOR EACH DATA FILE.

real time(100),cod(100),charge{100)

real y0(100,1),emf(100),tc(100),tk(100),expn(100),descr (20)
double precision datin

integer ndata

create disk files for plotter
open(unit=22,access="'seqout',file="'chgout')
open{unit=23,access="'seqout’',file="'pltout')

choose your input data file name
write(5,1)

format (X, 'INPUT DATA FILE NAME ?')
read(5,2)datin

format (Al10)

_create disk files
open(unit=20,access="'seqin',file=datin)

read descriptive data from input data file
do 5 i=1,3

read(20,6)descr

format (20A5)

continue

read fourth line of data from input data file
read(20,8)ndata,dt,q
format(X,13,X,£3.0,X,£5.3)

read in TSD data from data file
write(5,800)

format (X, 'SAMPLE AREA IN CM**2 IN F FORMAT')
read(5,801) sama

format(f)

do 98 i=1l,ndata
read(20,13)y0(i,1),emf(i),time(i)
y0(i,1)=y0(i,l)/sama

cod{i)=y0(i,1)

format(e, £, £f)

call subroutine to convert thermocouple voltages to temperatures
call convrt(emf (i), tc(i),tk(i)) :
expn{i)=y0(i,1)/1.E~-10

continue

integrate the area under the TSD curve
do 504 i=]1,ndata
charge(i)=0.0



504

500

502
501

15
- 16

900
901

continue

cum=0.0

charge(l)—(tlme(z)/z 0)*cod(1l)

do 500 i=2, {ndata-l)

charge(l)—(tlme(l)/z O+time(i+1)/2.0)*cod (1)
continue
charge(ndata)=(time(ndata)/2.0)*cod(ndata)
do 501 i=l1,ndata

cum=charge (i) +cum

tum=cum*1.0E+8

write out cumulative charge released data to plot file
write(22,502)tk(i),tum

format(2e) .

continue

write out initial TSD data to plot file
do 16 i=1,ndata
write(23,15)tk(i),expn(i)

format(2e)

continue

do you have another curve to work on ?
write(5,900)

format (X, "ANOTHER CURVE ?')
read(5,901) ndec

format(Il)

if (ndec.EQ.1l)go to 902

close(unit=20)

close{(unit=22)

close (unit=23)
end

subroutine convrt(ee, tcc, tkk)
aa=-ee

a=2.383709E-2

=-2.987839E-6

c=-7.194581E-10
d=-1.00419433E-13
tcc=a*aat+b*aa**2+c*aa**3+d*aa**4
tkk=273.2+tcc

return

end




IN THE DATA FILES THAT FOLLOW THE FOLLOWING CODE IS USED

TO REPRESENT THE SAMPLE NUMBER:

RSST1 (RADIAL SYMMETRY STAINLESS STEEL) MEANS THE FIRST SAMPLE
FROZEN IN THE CONCENTRIC-CYLINDER SAMPLE HOLDER WITHOUT
TEFLON BLOCKINGILAYERS
RTF1 (RADIAL TEFLON) MEANS THE FIRST SAMPLE FROZEN IN THE CONCENTRIC-
CYLINDER SAMPLE HOLDER WITH TEFLON BLOCKING LAYERS
PIF/1 (PURE ICE FLAT) MEANS THE FIRST SAMPLE RUN IN THE FLAT-DISK

SAMLE HOLDER.

LISTED BELOW ARE THE FIRST THREE LINES OF A DATA FILE:
83 20. 0.019

0.49E-10 5140. 0.0

0.67E-10 5120. 60.

83=NUMBER OF DATA POINTS IN THE FILE, TO BE READ

20.=TIME INTERVAL IN SEC. BETWEEN DATA POINTS (NO LONGER USED IN
MODELING PROGRAM BUT COULD BE USED IN INTEGRATING PROGRAM WHEN
DIGITAL PRINTER IS USED)

0.019=HEATING RATE IN DEG.C/SEC

0.49E-10=TSD CURRENT IN AMPERES

5140 .=THERMOCOUPLE EMF

0.0=TIME INTERVAL IN SEC. BETWEEN DATA POINTS (USED IN THE INTEGRATING

PROGRAM)
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SAMPLE THICKNESS=0.375inches PURE ICE VCH.=1500
FROZEN UNDER A VACUUM OF 12 PSI
83 20. 0.019
0.49E-10 5140. 0.0
0.67E-10 5120. 60.
0.82E-10 5105. 60.
1.10E-10 5085. 60.
2.20E-10 5040. 120.
2.85E~10 5020. 60.
5.4E-10 4980. 120.
8.7E-10 4926. 120.
12,.5E-10 4887. 120.
13.4E-10 4868. 60.
13.9E-10 4835. 60.
13.7E-10 4805. 60.
12.8E-10 4788. 60.
11.5E-10 4766. 60.
8.20E-10 4715, 120.
6.8E-10 4695. 60.
5.9E-10 4670. 60.
5.58E-10 4634. 60.
5.45E-10 4610. 60.
5.48E-10 4600. 60.
5.60E-10 4575. 60.
6.0E-10 4530. 60.
6.45E-10 4510. 60.
6.98E-10 4488. 60.
7.48E-10 4465. 60.
7.83E~-10 4435, 60.
7.95E-10 4410. 60.
7.82E-10 4395, 60.
7.5E-10 4375. 60.
7.2E-10 4340. 60.
7.05E-10 4310. 60.
7.05E-10 4295. 60.
7.2E-10 4260. 60.
7.62E-10 4235. 60.
7.92E-10 4210. 60.
8.2E-10 4185, 60.
9.1E-10 4135. 120.
11.0E-10 4100. 60.
13.0E-10 4045, 120.
14.8E~-10 4010. 60.
18.7E-10 3950. 120.
23.3E-10 3880. 120.
26.0E-10 3850. 60.
28.5E-10 3820. 60.
31.8E-10 3790. 60.
35.4E-10 3760. 60.
39.0E-10 3720. 60.
42 .,0E-10 3695. 60.
43.8E-10 3665. 60.
44.2E-10 3625. 60.
44,1E-10 3595. 60.
43.,2E-10 3565. 60.
42 ,0E-10 3530. 60.
40.8E-10 3500. 60.
39.5E-10 3470. 60.
38.2E-10 3435. 60.
36.8E-10 3405. 60.
35.9E-10 3380. 60.
35.2E-10 3350. 60.
35.2E-10 3320. 60.




35./E-10
36.0E~-10
35.0E-10
33.5E-10
29.7E-10
26.0E~-10
23.8E-10
22.0E-10
20.6E-10
20.2E-10
20.0E-10
20.2E-10
20.8E-10
22 .3E-10
24 .5E-10
27.0E-10
29.0E-10
31.5E-10
37.0E-10
40.8E-10
45.0E-10
45.2E-10
44.7E-10

3290.
3260.
3230.
3200.
3125.
3060.
3000.
2925,
2860.
2795.
2720.
2660.
2595,
2525.
2455,
2380.
2310.
2235.
2090.
2020.
1870.
1795.
1710.

60.
60.
60.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
240.
120.
240.
120.
120.
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SAMPLE THICKNESS=0.375inches (40) PURE ICE VCH.=1500
FROZEN UNDER A VACUUM OF 12 PSI
83 20. 0.034
0.5E-10 5115. 0.0
0.6E-10 5100. 60.
1.4E-10 5062. 60.
2.5E-10 5035. 30.
o 3.2E-10 5020. 30.
4.3E-10 5000. 30.
6.0E-10 4985. 30.
8.3E-10 4970. 30.
10.0E-10 4949. 30.
15.5E~-10 4915. 30.
17.0E-10 4907. 30.
21.8E-10 4880. 30.
24.5E-10 4865. 30.
28.5E~-10 4825. 30.
29.2E-10 4810. 30.
29.1E-10 4795. 30.
27.0E-10 4774. 30.
23.5E-10 4745. 30.
21.0E-10 4730. 30.
16.0E~-10 4710. 30.
13.5E-10 4695. 30.
11.2E-10 4675. 30.
9.0E-10 4650. 30.
8.2E-10 4626. 30.
7.7E-10 4600. 30.
7.3E-10 4550. 60.
7.65E-10 4505. 60.
8.1E-10 4480. 60.
8.8E-10 4430. 60.
9.1E-10 4390. 60.
9.4E-10 4335. 60.
9.5E-10 4290. 60.
9.7E-10 4245. 60.
10.0E-10 4200. 60.
10.8E~-10 4150. 60.
12.0E-10 4100. 60.
14.0E-10 4050. 60.
17.0E-10 4000. 60.
21.0E-10 3948. 60.
28.0E-10 3890. 60.
36.0E-10 3830. 60.
43.0E-10 3780. 60.
50.5E-10 3710. 60.
53.5E-10 3675. 60.
55.4E-10 3600. 60.
54.5E-10 3550. 60.
49.2E-10 3500. 60.
46.1E-10 3425. 60.
45.2E-10 3380. 60.
43.7E-10 3300. 60.
41.8E-10 3265. 60.
39.5E-10 3200. 60.
37.7E-10 3150. 60.
35.2E-10 3100. 60.
33.5E-10 3050. 60.
31.5E-10 2990. 60.
29.8E~-10 2920. 60.
28.1E-10 2880. 60.
26.2E-10 2760. 60.
26.1E-10 2700. 60.
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27.8E-10
29.0E-10
30.8E-10
32.4E-10
34.2E-10
36.2E-10
38.9E-10
41.7E-10
44.2E-10
48.0E-10
51.3E-10
54.0E-10
55.2E-10
56.0E-10
56 .1E-10
56.3E-10
56.7E-10
56.8E-10
57.0E-~10
57.1E-10
57.2E-10
57.2E-10

LVUIV.
2580.
2505.
2450.
2385.
2325.
2265.
2200.
2145.
2070.
2000.
1940.
1875.
1800.
1735.
1710.
1680.
1647.
1610.
1575.
1540.
1500.
1475.

UV e
60.
60.
60.
60.
60.
60.
60.
60.
60.
60.
60.
60.
60.
60.
30.
30.
30.
30.
30.
30.
30
30.
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SAMPLE THICKNESS=0.375inches (40) PURE ICE VCH.=1500
FROZEN UNDER A VACUUM OF 12 PSI
83 20 0.009
0.15E-10 5205. 0.0
0.30E-10 5180. 240.
0.48E-10 5135. 120.
0.70E-10 5115. 120.
1.0E-10 5100. 120.
1.45E-10 5090. 120.
2.1E-10 5069. 120.
3.6E-10 5015. 240.
4,5E~-10 4996. 120.
5.6E-10 4976. 120.
7.9E-10 4935. 240.
8.78E-10 4912. 120.
8.98E-10 4900. 60.
8.72E~-10 4888. 60.
7.7E-10 4860. 120.
5.2E~10 4810. 240.
3.8E-10 4780. 120.
3.0E-10 4765. 120.
2.5E-10 4745. 120.
2.15E-10 4710. 120.
1.9E-10 4695. 120.
1.8E-10 4680. 120.
1.8E-10 4630. 120.
1.85E-10 4610. 120.
2.12E-10 4575. 240.
2.45E-10 4535. 120.
2,7E-10 4500. 240.
2.8E-10 4480. 120.
2.8E-10 4440. 120.
2.78E-10 4415, 120.
2.7E-10 4400. 120.
2,.58E-10 4380. 120.
2.52E-10 4345. 120.
2.53E-10 4315. 120.
2.7E~-10 4270. 240.
2.85E-10 4235. 120.
3.0E-10 4215. 120.
3.7E-10 4130. 360.
4.05E-10 4105. 120.
5.1E-10 4050. 120.
5.75E-10 4015. 120.
6.60E-10 3995. 120.
7.75E-10 3960. 120.
10.5E-10 3895. 240.
12.8E-10 3830. 240.
13.9E-10 3760. 240.
14.0E-10 3705. 240.
13.0E-10 3630. 240.
12.1E-10 3580. 240.
12.0E-10 3505. 240.
12.2E-10 3435. 240.
12.25E-10 3375. 240.
12.2E-10 3305. 240.
11.9E-10 3250. 240.
10.9E-10 3195. 240.
9.9E-10 3140. 240.
9.2E-10 3080. 240.
8.9E-10 3000. 240.
8.1E-10 2945. 240.
8.07E-10 2870. 240.

d = e




8.09E-10 23800. 240.
8.02E-10 2730. 240.
8.02E-10 2680. 240.
8.20E-10 2600. 240.
8.58E-10 2530. 240.
9.0E-10 2450. 240.

9.43E-10 2390. 240.
10.0E-10 2310. 240.
10.6E-10 2230. 240.
11.2E-10 2155. 240.
11.8E-10 2085. 240.
12.2E-10 2000. 240.
12.5E-10 1970. 120.
12.6E-10 1940. 120.
12.7E-10 1900. 120.
12.8E-10 1860. 120.
12.8E-10 1820. 120.
12.8E-10 1780. 120.
12.7E-10 1740. 120.
12.5E-10 1700. 120.
12.3E-10 1660. 120.
12.1E-10 1620. 120.
12.0E-10 1600. 60.
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SAMPLE THICKNESS=0.375inches (40) PURE ICE VCH.=500
FROZEN UNDER A VACUUM OF 12 PSI

83 20. 0.032
0.13E-10 5170. 0.0
0.3E-10 5125. 60.
0.55E-10 5085. 60.
1.1E-10 5035. 60.
2.0E-10 5000. 60.
3.1E-10 4970. 60.
4.8E-10 4920. 60.
6.8E-10 4880. 60.
8.0E-10 4865. 30.
9.3E-10 4830. 30.
9.95E-10 4805. 30.
10.2E-10 4795. 30.
10.4E-10 4775. 30.
9.8E-10 4750. 30.
8.8E-10 4725. 30.
7.7E-10 4700. 30.
5.2E-10 4660. 60.
3.4E-10 4610. 60.
2.45E-10 4575. 60.
2.1E-10 4520. 60.
2.0E-10 4485. 60.
2.01E-10 4470. 30.
2.02E-10 4445. 30.
2.23E-10 4400. 60.
2.38E-10 4350. 60.
2.4E-10 4305. 60.
2.4E-10 4265. 60.
2.5E-10 4215. 60.
2.63E-10 4175. 60.
2.8E-10 4110. 60.
3.15E-10 4075. 60.
3.47E-10 4025. 60.
4.0E-10 3980. 60.
4 .5E-10 3925. 60.
5.7E-10 3865. 60.
6.9E-10 3800. 60.
8.5E-10 3755. 60.
10.0E-10 3695. 60.
10.4E-10 3635. 60.
9.8E-10 3582. 60.
8.9E~10 3530. 60.

8.22E-10
7.72E-10
7.47E-10
7.42E-10
7.70E-10
8.37E-10
8.50E-10
8.59E-10
8.60E-10
8.57E~-10
8.49E-10
8.36E~10
8.10E-10
7.70E-10
7.52E-10
' 7.50E-10
7.55E-10
7.71E-10
8.10E-10

3480.
3410.
3360.
3330.
3300.
3240.
3200.
3135.
3090.
3020.
2985.
2905.
2850.
2805.
2750.
2720.
2700.
2625.
2585.

60.
60.
60.
30.
30.
60.
60.
60.
60.
60.
60.
60.
60.
60.
60.
30.
30.
60.
60.



O. /0L™1lVU
9.40E-10
10.2E-10
11.6E-10
12.7E-10
14.0E-10
14.3E~10
15.0E-10
16.0E-10
16.9E-10

- 17.8E-10

19.0E-10
19.3E-10
19.6E-10
19.9E-10
20.0E-10
20.1E-10
20.3E-10
20.5E-10
20.9E-10
21.1E-10
21.2E-10
21.3E-10

LIV I
2450.
2390.
2320.
2275.
2200.
2175.
2130.
2080.
2030.
2005.
1930.
1875.
1800.
1730.
1685.
1605.
1575.
1535.
1500.
1470.
1435.
1400.

VU .
60.
60.
60.
60.
60.
30.
30.
60.
30.
30.
60.
60.
60.
60.
60.
60.
30.
30.
30.
30.
30.
30.




oAMPLE § RbSTl RUN $# Pl40o o/2/04
SAMPLE THICKNES=0.375inches (40) PURE ICE VCH.=232
FROZEN UNDER A VACUUM OF 12 PSI
83 20. 0.032
0.0E-10 5180. 0.0
0.02E-10 5130. 60.
0.1E-10 5100. 60.
0.22E-10 5065. 60.
0.45E-10 5020. 60.
0.85E-10 4980. 60.
1.5E-10 4930. 60.
2.4E-10 4900. 60.
3.45E-10 4850. 60.
4.6E-10 4805. 60.
4.9E-10 4790. 30.
5.05E-10 4770. 30.
4.4E-10 4710. 60.
3.4E-10 4675. 60.
2.15E-10 4620. 60.
1.4E-10 4590. 60.
0.95E-10 4535. 60.
0.85E-10 4495. 60.
0.8E-10 4450. 60.
0.77E-10 4405. 60.
0.82E-10 4380. 60.
0.90E-10 4325. 60.
0.97E-10 4285. 60.
1.02E-10 4235. 60.
1.10E-10 4185. 60.
1.15E-10 4130. 60.
1.23E~10 4090. 60.
1.35E-10 4045. 60.
1.45E-10 4000. 60.
1.65E-10 3945. 60.
1.9E-10 3890. 60.
2.5E-10 3825. 60.
3.1E-10 3780. 60.
3.7E-10 3715. 60.
4.0E-10 3690. 30.
4.21E-10 3665. 30.
4.2E-10 3625. 30.
4.05E-10 3605. 30.
3.6E-10 3560. 60.
3.1E-10 3500. 60.
2.61E-10 3430. 60.
2.49E-10 3390. 60.
2.51E-10 3310. 60.
2.60E-10 3275. 60.
2.62E-10 3205. 60.
2.68E-10 3150. 60.
2.70E-10 3100. 60.
2.76E-10 3050. 60.
2.79E-10 3000. 60.
2.82E-10 2940. 60.
2.84E-10 2890. 60.
2.86E~10 2825. 60.
2.96E-10 2780. 60.
3.05E-10 2705. 60.
3.14E-10 2665. 60.
3.32E-10 2600. 60.
3.58E-10 2555. 60.
4.05E-10 2500. 60.
4.70E-10 2425. 60.
5.50E-10 2375. 60.



Ve2ULTLU
7.15E-10
7.80E-10
8.40E-10
8.90E~-10
9.30E-10
9.70E-10
9.90E-10
10.1E-10
10.3E-10
10.6E-10
10.8E~10
11.00E-10
11.22E-10
11.24E-10
11.27E-10
11.30E-10
11.50E-10
11.60E-10
11.70E-10
11.80E-10
11.90E-10
12.00E-10

L IUU .
2250.
2215.
2195.
2140.
2105.
2080.
2045,
2015.
1990.
1950.
1905.
1880.
1840.
1790.
1720.
1650.
1590.
1560.
1520.
1490.
1460.
1425.

OV,
60.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30.
30..
60.
60.
60.
60.
30.
30.
30.
30.
30.




W ihdhdd deddd G LN A A s=heees s T T

SAMPLE THICKNESS=0.375inches PURE ICE VCH.=500
FROZEN UNDER A VACUUM OF 12 PSI
83 20. 0.019
0.34E-10 5080. 0.0
0.50E-10 5050. 60.
0.75E~-10 5025. 60.
1.10E-10 5000. 60.
1.40E-10 4980. 60.
1.83E-10 4965. 60.
2.42E-10 4935. 60.
3.20E-10 4910. 60.
4.10E-10 4890. 60.
4.75E~10 4868. 60.
5.50E~-10 4842. 60.
6.00E-10 4815. 60.
6.10E-10 4795. 60.
6.00E-10 4768. 60.
5.35E-10 4742. 60.
4.40E-10 4715. 60.
3.60E-10 4695. 60.
2.90E-10 4675. 60.
2.13E-10 4647. 60.
1.80E~10 4620. 60.
1.50E-10 4600. 60.
1.32E-10 4575. 60.
1.22E-10 4545. 60.
1.18E-10 4520. 60.
1.16E~-10 4500. 60.
1.15E-10 4480. 60.
1.19E-10 4453. 60.
1.28E-10 4422. 60.
1.40E-10 4400. 60.
1.45E-10 4375. 60.
1.46E-10 4350. 60.
1.41E-10 4323. 60.
1.40E-10 4300. 60.
1.38E-10 4275. 60.
1.37E-10 4250. 60.
1.38E-10 4220. 60.
1.40E-10 4190. 60.
1.43E-10 4170. 60.
1.50E-10 4140. 60.
1.55E-10 4110. 60.
1.61E-10 4080. 60.
1.71E-10 4050. 60.
1.81E-10 4022. 60.
1.99E-10 3995. 60.
2.18E~10 3962. 60.
2,.37E-10 3930. 60.
2.62E-10 3903. 60.
2.89E-10 3873. 60.
3.16E-10 3838. 60.
3.38E-10 3815. 60.
3.63E-10 3790. 60.
3.93E-10 3760. 60.
4,22E-10 3730. 60.
4.5E-10 3700. 60.
4.6E-10 3672. 60.
4.6E-10 3640. 60.
4,.58E-10 3615. 60.
: 4.4E~10 3580. 60.
f 4,15E-10 3500. 120.
3.97E-10 3450. 120.




2,00k~1U
4.30E-10
4.69E~-10
5.00E-10
5.30E-10
5.43E-10
5.48E-10
5.43E-10
5.20E-10
4.81E-10
4.70E-10
4.72E-10
4.78E-10
5.03E~-10
5.48E-10
6.00E-10
6.70E-10
7.90E-10
9.30E-10
10.2E-10
11.0E-10
11.6E-10
12.8E-10

3303,
3310.
3242.
3185.
3120.
3065.
3000.
2930.
2870.
2805.
2740.
2685.
2612.
2550.
2483.
2405.
2335.
2205.
2065.
1910.
1750.
1600.
1440.

12U,
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
240.
240.
240.
240.
240.
240.
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SAMPLE THICKNESS=0.375inches (40) PURE ICE VCH.=500
FROZEN UNDER A VACUUM OF 12 PSI
83 20. 0.009
0.0E-10 5180. 0.0
0.06E-10 5140. 120.
0.1E-10 5120. 120.
0.13E-10 5105. 120.
0.19E-10 5090. 120.
0.35E-10 5055. 120.
0.48E-10 5035. 120.
0.65E-10 5020. 120.
0.9E-10 5005. 120.
1.15E-10 4985. 120.
1.48E-10 4965. 120.
1.85E-10 4935. 120.
2.3E-10 4912. 120.
2.7E-10 4890. 120.
2.91E-10 4870. 120.
3.1E-10 4834. 120.
2.91E-10 4810. 120.
2.55E-10 4790. 120.
2.1E-10 4770. 120.
1.7E-10 4745. 120.
1.35E-10 4720. 120.
1.1E-10 4700. 120.
0.86E-10 4685. 120.
0.68E-10 4636. 120.
0.6E~-10 4615. 120.
0.55E-10 4600. 120.
0.58E-10 4575. 120.
0.6E-10 4550. 120.
0.62E-10 4500. 120.
0.67E-10 4455. 360.
0.7E-10 4385. 180.
0.7E-10 4335. 360.
0.72E-10 4255. 360.
0.75E-10 4210. 180.
0.8E~-10 4125. 360.
0.85E-10 4090. 180.
1.08E-10 3995. 360.
1.20E-10 3955. 180.
1.4E-10 3900. 180.
1.68E-10 3865. 180.
2.02E-10 3800. 240.
2.32E-10 3730. 240.
2,27E-10 3680. 240.
2.20E-10 3605. 240.
2.18E-10 3530. 240.
2.22E-10 3485. 240.
2.38E~-10 3405. 240.
2.50E-10 3350. 240.
2.93E-10 3275. 240.
3.02E~10 3210. 240.
3.01E-10 3155. 240.
2.90E-10 3095. 240.
2.87E-10 3030. 240.
2,77E~10 2975. 240.
2.68E-10 2900. 240.
2.60E-10 2830. 240.
2.59E-10 2785. 240.
2.61E-10 2705. 240.
2.72E-10 2630. 240.
2.92E-10 2570. 240.




e LI LV
3.46E~-10
3.65E-10
3.75E-10
3.88E-10
4.02E-10
4.20E-10
4.38E-10
4,.70E-10
4.90E-10
5.08E-10
5.21E-10
5.35E-10
5.48E-10
5.52E-10
5.55E-10
5.60E-10
5.63E-10
5.67E-10
5.69E-10
5.72E-10
5.74E-10
5.78E~-10

o IJVUV e

2420.
2390.
2365.
2330.
2290.
2250.
2205.
2130.
2090.
2050.
2020.
1980.
1940.
1920.
1900.
1885.
1870.
1853.
1830.
1810.
1790.
1770.

lne TNV »

240,
120.
120.
120.
120.
120.
120.
240.
120.
120.
120.
120.
120.
60.
60.
60.
60.
60.
60.
60.
60.
60.




oailILE ¥ h~hoolld [URN f L1220 O/1L9/04
SAMPLE THICKNESS=0.375inches (40) PURE ICE VCH.=230
FROZEN UNDER A VACUUM OF 12 PSI
72 20. 0.009
0.0E-10 5135. 0.0
0.01E-10 5125. 120.
0.05E-10 5100. 120.
0.1E-10 5080. 120.
0.14E-10 5060. 120.
0.25E-10 5020. 120.
0.31E-10 5005. 120.
0.45E-10 4990. 120.
0.63E-10 4975. 120.
0.8E-10 4945. 120.
1.0E-10 4925. 120.
1.18E-10 4905. 120.
1.3E-10 4885. 120.
1.4E-10 4870. 120.
1.38E-10 4829. 120.
1.29E-10 4805. 120.
1.13E-10 4790. 120.
0.92E-10 4765. 120.
0.73E-10 4740. 120.
0.58E-10 4710. 120.
0.41E-10 4695. 120.
0.35E-10 4670. 120.
0.28E-10 4640. 120.
0.23E-10 4610. 120.
0.21E-10 4600. 120.
0.2E-10 4550. 180.
0.21E-10 4505. 180.
0.22E-10 4495. 180.
0.25E-10 4385. 180.
0.27E-10 4300. 180.
0.28E-10 4270. 180.
0.31E-10 4130. 180.
0.38E-10 4050. 180.
0.40E-10 4005. 180.
0.45E-10 3975. 180.
0.52E-10 3915. 180.
0.68E-10 3870. 180.
0.90E-10 3805. 180.
1.01E-10 3790. 180.
1.01E-10 3760. 180.
0.90E-10 3705. 180.
0.81lE-10 3685. 180.
0.71E-10 3660. 180.
0.63E-10 3625. 180.
0.58E-10 3600. 120.
0.52E-10 3570. 120.
0.51E-10 3530. 120.
0.49E-10 3500. 120.
0.49E-10 3475. 120.
0.50E-10 3435. 120.
0.51E-10 3400. 120.
0.55E-10 3340. 120.
0.67E-10 3280. 120.
0.80E-10 3215. 120.
0.91E-10 3155. 120.
1.00E-10 3090. 120.
1.00E-10 3030. 120.
1.02E-10 2965. 240.
1.10E-10 2890. 240.
1.12E-10 2830. 240.




Led=1U
1.26E-10
1.39E-10
1.52E-10
1.69E-10
1.89E-10
2.13E-10
2.38E-10
2.68E-10
2.87E-10
3.02E-10
3.21E-10

4L T10OJ.
2705.
2630.
2565.
2490.
2425,
2360.
2285.
2210.
2130.
2065.
1980.

L4520,
240.
240.
240.
240.
240.
240.
240.
240.
240.
240.
240.




wANMP Lt ¥ oo la NUIN 7 L LO0L Qf V) Gl
SAMPLE THICKNESS=,375 in. PURE 1ICE VCH.=1900
FROZEN UNDER A VACUUM OF 12 PSI
49 20. 0.008
0.5E-10 5115.
0.8E-10 5075.
1.0E-10 5060.
1.3E~-10 5030.
1.6E-10 5010.
1.9E-10 4995.
2.3E-10 4979.
2.6E-10 4962.
3.1E-10 4940.
3.6E-10 4915.
4.0E-10 4895,
4 .5E-10 4870.
5.0E-10 4840.
5.3E~-10 4820.
5.5E-10 4800.
5.5E-10 4790.
5.3E-10 4760.
5.0E-10 4738.
4.6E-10 4708.
4.2E-10 4672.
3.9E~-10 4650,
3.7E-10 4615.
3.5E-10 4588,
3.3E-10 4560.
3.2E-10 4530.
3.3E-10 4510.
3.5E-10 4485.
3.7E-10 4465.
4.0E-10 4430.
4.4E-10 4395,
4.7E-10 4380.
4.9E-10 4350.
4.96E-10 4310.
4.9E-10 4300.
4.7E-10 4255.
4.4E-10 4200.
4.1E-10 4150.
3.95E-10 4100.
4.0E-10 4080.
4.3E-10 4020.
4.6E-10 3990.
4.9E-10 3945,
5.2E-10 3900.
5.5E-10 3850.
5.55E-10 3805.
5.5E-10 3790.
5.2E-10 3730.
5.0E-10 3705.
4,.8E-10 3680.




oAMPLE # RIFL RUN ¥ FlOoa J/ 1/04
SAMPLE THICKNESS=0.37inches PURE ICE VCH.=1500
FROZEN UNDER A 12 PSI VACUUM

83 20. 0.019

- 0.43E-10 5120. 0.0
0.73E~10 5100. 60.
1.20E-10 5070. 60.
1.86E-10 5034. 60.
2.70E-10 5008. 60.
3.75E-10 4986. 60.
4,75E~10 4963. 60.
6.00E-10 4940. 60.
7.20E-10 4920. 60.
8.33E-10 4895. 60.
9.20E-10 4873. 60.
9.28E-10 4850. 60.
9.00E-10 4825. 60.
8.00E~10 4800. 60.
6.70E-10 4777. 60.
5.40E-10 4752. 60.
4,18E~10 4725. 60.
3.50E-10 4700. 60.
2.90E-10 4680. 60.
2.50E-10 4660. 60.
2.20E-10 4633. 60.
1.94E~-10 4612. 60.
1.70E-10 4590. 60.
1.55E-10 4565. 60.
1.47E-10 4530. 60.
1.39E-10 4503. 60.
1.32E~-10 4480. 60.
1.27E-10 4455. 60.
1.20E~-10 4435. 60.
1.15E~-10 4415. 60.
1.05E~10 4385. 60.
1.00E-10 4350. 60.
0.90E~-10 4327. 60.
0.82E-10 4300. 60.
0.77E-10 4277. 60.
0.71E-10 4247. 60."
0.69E~10 4220. 60.
0.68E-10 4190. 60.
0.64E~-10 4170. 60.
0.61E~10 4105. 120.
0.60E-10 4045. 120.
0.60E-10 3980. 120.
0.61E-10 3920. 120.
0.62E~10 3860. 120.
0.61E-10 3800. 120.
0.60E-10 3740. 120.
0.61E-10 3680. 120.
0.70E-10 3615. 120.
0.80E~-10 3550. 120.
0.89E-10 3485. 120.
0.95E-10 3420. 120.
0.99E~-10 3350. 120.
1.00E-10 3290. 120.
1.00E-10 3230. 120.
1.02E-10 3170. 120.
1.13E-10 3100. 120.
1.34E-10 3040. 120.
1.57E-10 2980. 120.
2.00E-10 2905. 120.
2.65E-10 2840. 120.




~ e VUL LV
5.30E-10
6.30E-10
8.00E-10
9.20E-10
10.0E-10
12.0E-10
14.5E-10
17.1E-10
17.5E-10
15.2E-10
11.0E-10
5.80E-10
4.20E-10
3.30E-10
2.78E-10
2.33E-10
2.03E-10
1.83E-10
1.70E-10
1.58E-10
1.48E-10
1.40E-10

L 1OV
2710.
2690.
2650.
2620.
2590.
2550.
2510.
2473.
2435.
2400.
2370.
2330.
2300.
2265.
2230.
2165.
2090.
2010.
1935.
1850.
1770.
1700.

LV

120.
60.
60.
60.
60.
60.
60.
60.
60.
60.
60.
60.
60.
60.
60.
120.
120.
120.
120.
120.
120.
120.



OAMP L §F R1P4 RUN # Plioa J2/10/04
SAMPLE THICKNESS=0.37inches PURE ICE VCH.=1500
FROZEN UNDER A 12 PSI VACUUM
83 20. 0.019
0.37E-10 5170. 0.0
0.58E-10 5133. 60.
0.88E-10 5103. 60.
1.40E-10 5080. 60.
2.00E-10 5057. 60.
2.75E-10 5030. 60.
3.52E-10 5005. 60.
4.35E-10 4985. 60.
5.00E-10 4968. 60.
5.80E-10 4947. 60.
6.30E-10 4920. 60.
6.70E-10 4900. 60.
6.70E-10 4875. 60.
6.22E-10 4852. 60.
5.40E-10 4825. 60.
4.50E-10 4800. 60.
3.50E-10 4780. 60.
2.90E-10 4760. 60.
2.20E-10 4735. 60.
1.74E-10 4710. 60.
1.40E-10 4685. 60.
1.10E-10 4660. 60.
0.90E-10 4635. 60.
0.80E-10 4610. 60.
0.73E-10 4590. 60.
0.67E-10 4567. 60.
0.68E-10 4537. 60.
0.70E-10 4510. 60.
0.72E-10 4490. 60.
0.75E-10 4470. 60.
0.83E-10 4430. 60.
0.90E-10 4405. 60.
1.00E-10 4385. 60.
1.10E-10 4362. 60.
1.00E-10 4335. 60.
0.95E-10 4310. 60.
0.90E-10 4288. 60.
0.79E-10 4263. 60.
0.65E-10 4235. 60.
0.60E-10 4207. 60.
0.48E-10 4182. 60.
0.37E-10 4158. 60.
0.31E-10 4130. 60.
0.25E-10 4080. 120.
0.31E-10 4040. 120.
0.40E-10 3970. 120.
0.52E-10 3910. 120.
0.68E-10 3850. 120.
0.60E-10 3790. 120.
0.48E-10 3735. 120.
0.47E-10 3675. 120.
0.49E-10 3615. 120.
0.60E-10 3555. 120.
0.65E-10 3480. 120.
0.70E-10 3405. 120.
0.70E-10 3330. 120.
0.66E-10 3275. 120.
0.60E-10 3205. 120.
0.62E-10 3150. 120.
0.75E-10 3080. 120.



Ve s 2a™aAv
1.30E-10
1.80E-10
2.40E-10
3.02E-10
3.26E-10
3.30E-10
3.09E-10
3.13E-10
3.37E-10
3.60E-10
3.70E~-10
3.92E-10
4.38E-10
4,.90E-10
5.50E-10
6.20E-10
6.90E~-10
7.88E-10
8.40E-10
9.30E-10
10.0E-10
10.2E-10

MV LI .
2960.
2890.
2820.
2755.
2690.
2630.
2570.
2500.
2425.
2355.
2280.
2210.
2135.
2065.
1990.
1915.
1830.
1765.
1695.
1620.
1540.
1460.

LAV
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
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SAMPLE THICKNESS=.375 in. PURE ICE VCH.=1500
FROZEN UNDER A VACUUM OF 12 PSI
83 20. 0.019
0.34E-10 5130. 0.0
0.53E-10 5110. 60.
0.87E-10 5095. 60.
1.15E-10 5080. 60.
1.35E-10 5065. 60.
1.90E-10 5047. 60.
2.73E-10 5020. 60.
4.00E-10 5000. 60.
5.00E-10 4980. 60.
6.50E-10 4957. 60.
8.00E-10 4929. 60.
9.90E-10 4900. 60.
10.8E-10 4880. 60.
10.9E-10 4858. 60.
10.5E-10 4833. 60.
9.00E-10 4805. 60.
6.50E-10 4785. 60.
4.80E-10 4760. 60.
3.00E-10 4730. 60.
2.00E-10 4710. 60.
1.30E-10 4690. 60.
0.90E-10 4665. 60.
0.62E-10 4635. 60.
0.42E-10 4610. 60.
0.39E-10 4590. 60.
0.32E-10 4570. 60.
0.30E-10 4550. 60.
0.30E-10 4525. 60.
0.31E-10 4500. 60.
0.31E-10 4472. 60.
0.32E-10 4445. 60.
0.34E-10 4420. 60.
0.37E-10 4395. 60.
0.40E-10 4365. 60.
0.39E-10 4337. 60.
0.37E-10 4312. 60.
0.32E-10 4290. 60.
0.23E-10 4270. 60.
0.13E-10 4205. 120.
0.10E-10 4150. 120.
0.10E-10 4095. 120.
0.10E-10 4045. 120.
0.10E-10 3980. 120.
0.10E-10 3920. 120.
0.10E-10 3855. 120.
0.05E-10 3800. 120.
0.05E-10 3730. 120.
0.05E-10 3675. 120.
0.05E-10 3610. 120.
0.05E-10 3550. 120.
0.05E-10 3480. 120.
0.05E-10 3405. 120.
0.05E-10 3350. 120.
0.08E-10 3275. 120.
0.18E-10 3210. 120.
0.32E-10 3150. 120.
0.60E-10 3090. 120.
1.10E-10 3025. 120.
1.52E-10 2970. 120.
1.98E-10 2905. 120.




Le OJLa™ AV
1.55E-10
1.10E-10
0.90E-10
0.80E-10
0.90E-10
1.08E-10
1.32E-10
1.62E-10
1.98E~-10
2.23E-10
2.50E-10
2.90E-10
3.35E~10
3.70E-10
4.10E-10
4.60E-10
5.00E-10
5.40E-10
5.50E-10
5.52E-10
5.50E-10
5.28E-10

LODIJe LLUS
2770. 120.
2700. 120.
2630. 120.
2575. 120.
2500. 120.
2430. 120.
2370. 120.
2300. 120.
2220. 120.
2150. 120.
2090. 120.
2005. 120.
1920. 120.
1835. 120.
1765. 120.
1695. 120.
1660. 60.

1620. 60.

1580. 60.

1535. 60.

1460. 120.
1385. 120.
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SAMPLE# RSST3 RUN# F162 10/13/82
SAMPLE THICKNESS=,375in. PURE ICE VCH.=1500
FROZEN UNDER A VACUUM OF 12 PSI
83 20. 0.019
0.58E-10 5175. 0.0
0.73E-10 5150. 60.
1.058-10 5125. 60.
1.50E-10 5100. 60.
2.00E-10 5075. 60.
3.14E-10 5050. 60.
4.40E-10 5030. 60.
6.50E-10 5010. 60.
8.40E-10 4990. 60.
11.0E-10 4970. 60.
14.7E-10 4950. 60.
17.1E-10 4925. 60.
18.9E-10 4900. 60.
19.8E-10 4875. 60.
19.8E-10 4850. 60.
19.0E-10 4825. 60.
17.2E-10 4800. 60.
15.0E-10 4775. 60.
12.0E-10 4750. 60.
7.80E-10 4725. 60.
5.00E-10 4700. 60.
4.20E-10 4675. 60.
3.10E-10 4650. 60.
2.50E-10 4625. 60.
2.02E-10 4600. 60.
1.87E-10 4575. 60.
1.78E-10 4550. 60.
1.81E-10 4525. 60.
1.85E-10 4500. 60.
1.89E-10 4475. 60.
1.93E-10 4450. 60.
1.93E-10 4425. 60.
1.90E-10 4400. 60.
1.88E-10 4375. 60.
1.79E-10 4350. 60.
1.71E-10 4325. 60.
1.62E-10 4300. 60.
1.57E-10 4275. 60.
1.50E-10 4250. 60.
1.45E-10 4225. 60.
- 1.40E-10 4200. 60.
1.38E-10 4175. 60.
1.33E-10 4150. 60.
1.35E-10 4125. 60.
1.39E-10 4075. 120.
1.42E-10 4005. 120.
1.46E-10 3940. 120.
1.46E-10 3875. 120.
1.40E-10 3810. 120. -
1.30E-10 3750. 120.
1.19E-10 3690. 120.
1.24E-10 3620. 120.
1.35E-10 3550. 120.
1.52E-10 3490. 120.
1.69E-10 3420. 120.
1.82E-10 3350. 120.
1.90E-10 3290. 120.
1.97E-10 3230. 120.
2.02E-10 3170. 120.
2.08E-10 3100. 120.




2.11E-10
2.18E-10
2,.28E-10
2.47E-10
2.68E-10
2.90E-10
3.20E-10
3.70E-10
4.47E-10
5.50E-10
6.15E-10
6.50E-10
6.73E~10
7.00E-10
7.25E~10
7.40E-10
7.45E~10
7.47E-10
7.39E-10
7.07E-10
6.67E-10
6.50E-10
6.70E-10

3030.
2970.
2900.
2830.
27170.
2700.
2640.
2580.
2510.
2440.
2380.
2310.
2250.
2190.
2120.
2050.
1970.
1890.
1810.
1740.
1670.
1600.
1520.

120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.




SAMPLE # PIF/1 RUN # F166 11/5/82
SAMPLE THICKNESS=0.37inches PURE ICE VCH.=1500
TEFLON BLOCKING LAYERS USED GUARD RING FLOATING DURING DISCHARGE
83 20. 0.019
0.18E-11 4870. 0.0
0.20E-11 4850. 60.
0.27E-11 4830. 60.
0.35E-11 4810. 60.
0.42E-11 4790. 60.
0.55E-11 4770. 60.
0.70E-11 4750. 60.
0.85E-11 4725. 60.
1.04E-11 4700. 60.
1.29E-11 4675. 60.
1.50E-11 4650. 60.
1.80E-11 4625. 60.
2.05E-11 4600. 60.
2.35E-11 4575. 60.
2.70E-11 4550. 60.
3.07E-11 4525. 60.
3.35E-11 4500. 60.
3.53E-11 4475. 60.
3.61E-11 4450. 60.
3.60E-11 4425. 60.
3.40E-11 4400. 60.
3.02E-11 4375. 60.
2.50E-11 4350. 60.
2.00E-11 4325. 60.
1.60E-11 4300. 60.
1.40E-11 4275. 60.
1.31E-11 4250. 60.
1.30E-11 4225. 60.
1.25E-11 4200. 60.
1.22E-11 4175. 60.
1.13E-11 4150. 60.
1.00E-11 4120. 60.
0.90E-11 4090. 60.
0.75E-11 4060. 60.
0.60E-11 4030. 60.
0.50E-11 4000. 60.
0.41E-11 3970. 60.
0.37E-11 3940. 60.
0.35E-11 3910. 60.
0.35E-11 3880. 60.
0.36E-11 3850. 60.
0.39E-11 3820. 60.
0.40E-11 3790. 60.
0.41E-11 3760. 60.
0.42E-11 3730. 60.
0.39E-11 3700. 60.
0.32E-11 3670. 60.
0.23E-11 3640. 60.
0.18E-11 3610. 60.
0.13E-11 3580. 60.
0.12E-11 3550. 60.
0.11E-11 3520. 60.
0.11E-11 3490. 120.
0.12E-11 3430. 120.
0.12E-11 3370. 120.
0.12E-11 3310. 120.
0.13E-11 3250. 120.
0.15E-11 3180. 120.
0.16E-11 3110. 120.
0.17E-11 3040. 120.




0.18E-11
0.19E-11
0.20E-11
0.20E-11
0.20E-11
0.20E-11
0.21E-11
0.21E-11
0.20E-11
0.20E-11
0.28E-11
0.38E-11
0.46E-11
0.52E-11
0.60E-11
0.65E-11
0.58E-11
0.40E-11
0.20E-11
0.07E-11
0.00E-11
0.00E-11
0.20E-11

2970.
2900.
2830.
2760.
2690.
2620.
2550.
2480.
2410.
2340.
2270.
2200.
2130.
2050.
1970.
1890.
1810.
1730.
1650.
1610.
1570.
1530.
1490.

120.
126.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
60.

60.

60.

60.




oalMrLn ¥ il /4 DU ¢ 4L L0/ e f S T
SAMPLE THICKNESS=0.37inches PURE ICE VCH.=1500
TEFLON BLOCKING LAYERS USED GUARD RING CONNECTED DURING DISCHARGING
83 20. 0.019
0.28E-11 4970. 0.0
0.30E-11 4950. 60.
0.34E-11 4925. 60.
0.41E-11 4900. 60.
0.50E-11 4875. 60.
0.63E-11 4850. 60.
0.80E-11 4825. 60.
1.02E-11 4800. 60.
1.33E-11 4775. 60.
1.70E-11 4750. 60.
2.10E-11 4725. 60.
2.65E-11 4700. 60.
3.25E-11 4675. 60.
3.85E-11 4650. 60.
4.50E-11 4625. 60.
4,95E-11 4600. 60.
5.37E-11 4575. 60.
5.62E-11 4550. 60.
5.69E-11 4525. 60.
5.47E-11 4500. 60.
5.05E-11 4475. 60.
4.53E-11 4450. 60.
3.97E-11 4425. 60.
3.40E-11 4400. 60.
2.90E-11 4375. 60.
2.52E-11 4350. 60.
1.98E-11 4300. 120.
1.82E-11 4275. 60.
1.80E-11 4250. 60.
1.83E-11 4225. 60.
1.89E-11 4200. 60.
1.91E-11 4175. 60.
1.89E-11 4150. 60.
1.82E-11 4125, 60.
1.78E-11 4100. 60.
1.69E-11 4075. 60.
1.58E-11 4050. 60.
1.49E-11 4025. 60.
1.39E-11 4000. 60.
1.29E-11 3975. 60.
1.21E-11 3950. 60.
1.13E-11 3920. 60.
1.10E-11 3890. 60.
1.15E-11 3860. 60.
1.30E-11 3830. 60.
1.52E-11 3800. 60.
1.80E-11 3770. 60.
2.08E-11 3740. 60.
2.20E-11 3710. 60.
2.20E-11 3680. 60.
2.19E-11 3650. 60.
2.15E-11 3620. 60.
2.07E-11 3590. 60.
1.90E-11 3560. 60.
1.80E-11 3530. 60.
1.50E-11 3500. 60.
1.10E-11 3470. 60.
0.80E-11 3410. 60.
0.70E-11 3350. 120.
0.69E-11 3290. 120.




0.77E-11
0.80E-11
0.90E-11
0.99E-11
1.10E-11
1.09E-11
0.83E-11
0.40E-11
0.50E-11
0.60E-11
0.76E-11
1.20E-11
2.20E-11
3.78E-11
3.40E-11
1.90E-11
1.03E-11
1.00E-11
1.28E-11
1.45E-11
1.30E-11
1.08E-11
1.10E-11

3230.
3170.
3110.
3040.
2970.
2900.
2830.
2760.
2620.
2550.
2480.
2410.
2340.
2270.
2200.
2130.
2060.
1990.
1920.
1850.
1780.
1640.
1500.

120.

120.

120.
120.
120.
120.
120.
120.
240.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
126.
120.
240.
240.



Wil bl §w L4+l /AL ALY T ALV S e dny e[ WA

SAMPLE THICKNESS=.375 in. - PURE ICE VCH.=1500

37 20. 0.019
0.3E-11 4965.
0.4E-11 4910.
0.5E-11 4890.
0.7E-11 4855.
0.9E-11 4825.
1.2E-11 4800.
1.5E-11 4785.
2.0E-11 4756.
2.5E-11 4730.
3.0E-11 4705.
3.7E-11 4685.
4.3E-11 4665.
4.8E-11 4630.
5.2E-11 4610.
5.4E-11 4600.
5.5E~11 4575.
5.4E-11 4550.
5.2E-11 4525.
4.7E-11 4500.
4.2E~-11 4478.
3.8E-11 4455.
3.5E-11 4425,
3.2E-11 4400.
2.9E-11 4390.
2.5E-11 4370.
2.2E-11 4345.
2,.0E-11 4320.
1.8E-11 4290.
1.77E-11 4275.
1.8E-11 4220.
1.9E-11 4195.
1.9E-11 4150.
1.8E-11 4110.
1.7E-11 4095.
1.5E-11 4050.
1.3E-11 4020.
1.0E-11 3985.




SAMPLE # RSST6 RUN # F170 11/19/82
SAMPLE THICKNESS=.375 in. PURE ICE VCH.=1500
FROZEN UNDER A VACUUM OF 12 PSI
83 20. 0.019
0.40E-10 5150. 0.0
0.60E-10 5125. 60.
0.83E~10 5100. 60.
1.08E-10 5075. 60.
1.40E-10 5050. 60.
1.80E-10 5030. 60.
2.10E-10 5010. 60.
2.40E-10 4990. 60.
2.67E-10 4970. 60.
3.00E-10 4950. 60.
3.25E-10 4925. 60.
3.53E~10 4905. 60.
3.90E-10 4885. 60.
4.20E-10 4865. 60.
4.50E-10 4845. 60.
4.60E-10 4822. 60.
4,57E-10 4800. 60.
4.40E-10 4775. 60.
4,15E-10 4750. 60.
3.75E-10 4725. 60.
3.40E-10 4700. 60.
3.07E-10 4675. 60.
2.68E-10 4650. 60.
2.43E-10 4625. 60.
2.30E-10 4600. 60.
2.20E-10 4575. 60.
2.21E-10 4550. 60.
2.40E-10 4525. 60.
2.62E-10 4500. 60.
2.93E-10 4475. 60.
3.27E-10 4450. 60.
3.65E-10 4425. 60.
4,.15E-10 4400. 60.
5.00E-10 4375. 60.
5.70E-10 4350. 60.
6.30E-10 4325. 60.
7.05E-10 4300. 60.
7.50E~-10 4275. 60.
7.83E-10 4250. 60.
7.88E-10 4225. 60.
7.70E-10 4200. 60.
6.90E-10 4170. 60.
6.10E-10 4140. 60.
4.70E-10 4080. 120.
3.85E-10 4020. 120.
3.76E-10 3990. 60.
3.72E-10 3960. 60.
3.79E-10 3930. 60.
4.00E-10 3900. 60.
4.33E-10 3860. 60.
4.61E-10 3830. 60.
4,53E-10 3800. 60.
4.17E-10 3770. 60.
3.80E-10 3740. 60.
2.90E-10 3670. 120.
2.00E-10 3600. 120.
1.63E-10 3530. 120.
1.60E-10 3430. 180.
1.62E-10 3340. 180.
1.71E-10 3250. 180.




1.86E-10
- 2.00E-10
2,.19E-10
2.30E-10
2,53E-10
2,.79E-10
3.10E-10
3.38E-10
3.81E-10
4.30E-10
4.80E-10
5.35E~-10
5.95E-10
6.72E~-10
7.80E-10
9.30E-10
11.0E-10
11.5E-10
11.2E-10
10.1E-10
10.0E-10
8.90E-10
8.20E-10

3160.
3070.
2980.
2880.
2780.
2710.
2643.
2580.
2510.
2435.
2365.
2290.
2215.
2140.
2065.
1990.
1915.
1840.
1765.
1690.
1615.
1540.
1500.

180.
180.
180.
180.
180.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
60.




oAaMPLL # rli /a4 Bk ok B R el AN S
SAMPLE THICKNESS=0.37inches PURE ICE VCH.=1500
TEFLON BLOCKING LAYERS USED GUARD RING FLOATING DURING DISCHARGING
83 20. 0.019
0.09E-11 4990. 0.0
0.10E-11 4970. 60.
0.23E-11 4950. 60.
0.30E-11 4930. 60.
0.36E-11 4910. 60.
0.48E-11 4890. 60.
0.62E-11 4870. 60.
0.82E-11 4850. 60.
1.10E-11 4825. 60.
1.45E-11 4800. 60.
1.90E-11 4775. 60.
2.40E-11 4750. 60.
2.93E-11 4725. 60.
3.40E-11 4700. 60.
3.71E-11 4675. 60.
3.82E-11 4650. 60.
3.71E-11 4625. 60.
3.38E-11 4600. 60.
2.95E-11 4575. 60.
2.40E-11 4550. 60.
1.80E-11 4525. 60.
1.30E-11 4500. 60.
1.00E-11 4475. 60.
0.80E-11 4450. 60.
0.70E-11 4425. 60.
0.65E-11 4400. 60.
0.66E~11 4375. 60.
0.67E-11 4350. 60.
0.68E-11 4325. 60.
0.70E-11 4300. 60.
0.76E-11 4275. 60.
0.80E-11 4250. 60.
0.79E-11 4225. 60.
0.75E-11 4200. 60.
0.66E-11 4170. 60.
0.52E-11 4140. 60.
0.40E-11 4110. 60.
0.28E-11 4080. 60.
0.20E-11 4050. 60.
0.17E-11 4020. 60.
0.10E-11 3990. 60.
0.08E-11 3960. 60.
0.05E-11 3930. 60.
0.02E-11 3900. 60.
0.00E-11 3870. 60.
0.00E-11 3840. 60.
0.00E-11 3810. 60.
0.00E-11 3780. 60.
0.05E-11 3720. 120.
0.06E-11 3660. 120.
0.07E-11 3600. 120.
0.05E-11 3540. 120.
0.04E-11 3480. 120.
0.02E-11 3420. 120.
: * 0.00E-11 3360. 120.
| 0.00E-11 3300. 120.
! 0.05E-11 3240. 120.
0.05E-11 3180. 120.
0.06E-11 3120. 120.
0.07E-11 3060. 120.




U.108-11
0.10E-11
0.10E-11
0.10E-11
0.10E-11
0.11E-11
0.12E-11
0.12E-11
0.12E-11
0.11E-11
0.00E-11
0.00E-11
0.00E-11
0.00E-11
0.00E-11
0.00E-11
0.00E-11
0.00E-11
0.00E-11
0.00E-11
0.00E-11
0.00E-11
0.00E-11

3U00.
2930.
2860.
2790.
2720.
2640.
2560.
2480.
2400.
2320.
2240.
2160.
2080.
2000.
1920.
1840.
1760.
1720.
1680.
1640.
1600.
1560.
1520.

120,
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
60.

60.

60.

60.

60.

60.



oAMPLE ¥ PLP/4 NUN §F B/l 0 daf V) VL
SAMPLE THICKNESS=0.375inches PURE ICE VCH.=1500
TEFLON BLOCKING LAYERS USED GUARD RING CONNECTED DURING DISCHARGING
83 20. 0.019
0.30E-11 5090. 0.0
0.31E-11 5070. 60.
0.32E-11 5050. 60.
0.39E-11 5030. 60.
0.41E-11 5010. 60.
0.47E-11 4990. 60.
0.52E-11 4970. 60.
0.60E-11 4950. 60.
0.69E-11 4925. 60.
0.80E-11 4900. 60.
0.97E-11 4875. 60.
1.20E-11 4850. 60.
1.50E-11 4825. 60.
1.90E-11 4800. 60.
2.38E-11 4775. 60.
2.97E-11 4750. 60.
3.65E-11 4725. 60.
4.43E-11 4700. 60.
5.07E-11 4675. 60.
5.45E-11 4650. 60.
5.52E-11 4625. 60.
5.30E-11 4600. 60.
4.80E-11 4575. 60.
4.17E~-11 4550, 60.
3.50E-11 4525. 60.
2.77E-11 4500. 60.
2.00E-11 4475. 60,
1.50E-11 4450. 60.
1.20E-11 4425. 60.
1.07E-11 4400. 60.
1.01E-11 4375. 60.
0.98E-11 4350. 60.
0.98E-11 4325, 60.
1.00E-11 4300. 60.
1.02E-11 4275. 60.
1.05E-11 4250. 60.
1.11E-11 4225. 60.
1.13E-11 4200. 60.
1.11E-11 4175. 60.
1.08E-11 4150. 60.
0.90E-11 4125. 60.
0.778-11 4100. 60.
0.60E-11 4075. 60.
0.49E-11 4050. 60.
0.40E-11 4025. 60.
0.32E-11 4000. 60.
0.29E-11 3970. 60.
0.25E-11 3940. 60.
0.22E-11 3910. 60.
0.20E-11 3850. 120.
0.25E-11 3790. 120.
0.27E-11 3730. 120.
0.30E-11 3670. 120.
0.33E-11 3610. 120.
0.40E-11 3550. 120.
0.60E-11 3490. 120.
1.08E-11 3430. 120.
0.90E-11 3370. 120.
0.60E-11 3300. 120.
0.33E-11 3230. 120.




0.30E-11
0.30E-11
0.31E-11
0.32E-11
0.33E-11
0.35E-11
0.38E-11
0.40E-11
0.43E-11
0.51E-11
0.70E-11
0.86E-11
1.20E-11
1.33E-11
1.39E-11
1.65E-11
3.60E-11
7.00E-11
6.20E-11
4.90E-11
5.20E-11
6.60E-11
8.80E-11

3160.
3090.
3020.
2950.
2880.
2810.
2740.
2670.
2600.
2530.
2460.
2390.
2320.
2250.
2180.
2110.
2040.
1960.
1880.
1800.
1720.
1640.
1560.

120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
60.




oAMPLE # Rool/ RUN  FlL/0o ‘
SAMPLE THICKNESS=0.375inches (83) PURE ICE VCH.=1500
FROZEN UNDER A VACUUM OF 12 PSI
51 20. 0.019
0.7E-10 5135. 60.
1.2E-10 5105. 60.
~ 2.0E-10 5070. 60.
©©  2,9E-10 5047. 60.
= 4.5E-10 5020. 60.
5.6E-10 5004. 60.
7.3E-10 4980. 60.
8.7E-10 4960. 60.
10.0E-10 4940. 60.
11.0E-10 4920. 60.
12.5E-10 4895. 60.
13.0E-10 4880. 60.
13.0E-10 4850. 60.
12.5E-10 4820. 60.
10.0E-10 4790. 60.
' 8.5E-10 4774. 60.
7.1E-10 4745. 60.
5.0E-10 4720. 60.
4.0E-10 4700. 60.
3.4E-10 4680. 60.
3.1E-10 4650. 60.
3.02E-10 4620. 60.
3.05E-10 4600. 60.
3.15E-10 4580. 60.
3.35E-10 4550. 60.
3.7E-10 4520. 60.
4.15E-10 4500. 60.
4.5E-10 4480. 60.
4.9E-10 4450. 60.
5.3E-10 4425. 60.
5.7E-10 4405. 60.
6.3E-10 4380. 60.
6.83E-10 4350. 60.
7.0E-10 4330. 60.
6.9E-10 4300. 60.
6.6E~10 4280. 60.
6.0E-10 4256. 60.
5.4E-10 4224. 60.
4.7E-10 4200. 60.
4.0E-10 4180. 60.
3.3E-10 4140. 60.
2.7E-10 4115. 60.
2.25E-10 4090. 60.
2.0E-10 4060. 60.
1.85E-10 4030. 60.
1.7E-10 3975. 120.
1.6E~10 3900. 120.
1.58E-10 3835. 120.
1.55E-10 3790. 120.
1.5E-10 3705. 120.
1.5E-10 3650. 120.
1.58E-10 3595. 120.
1.70E-10 3520. 120.
1.96E-10 3470. 120.
2.35E-10 3390. 120.
2.75E-10 3330. 120.
3.20E-10 3270. 120.
3.80E-10 3200. 120.
4.45E-10 3135. 120.
5.15E-10 3075. 120.
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6.80E-10
7.30E-10
7.70E-10
7.95E-10
8.17E-10
8.31E-10
8.48E-10
8.59E-10
8.61E-10
8.63E-10
8.60E-10
9.00E-10
9.73E-10
10.2E-10
11.9E-10
14.9E-10
17.5E-10
21.3E-10
26.5E-10
28.5E-10
29.0E-10
28.8E-10

WAV e

2945.
2885.
2805.
2745.
2695.
2615.
2530.
2465.
2400.
2330.
2270.
2185.
2105.
2031.
1970.
1840.
1780.
1700.
1620.
1530.
1500.
1470.

el \J e

120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
180.
120.
120.
120.
120.
60.
60.
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SAMPLE THICKNESS=0.375 inches (51) PURE ICE VCH.=1000
FROZEN UNDER A VACUUM OF 12 PSI
83 20. 0.019
0.5E-10 5180. 60.
0.7E-10 5150. 60.
1.2E-10 5120. 60.
1.6E-10 5100. 60.
2.2E-10 5085. 60.
2.8E~10 5060. 60.
4.6E-10 5020. 60.
5.6E-10 5000. 60.
7.0E-10 4970. 60.
8.3E-10 4940. 60.
9.15E-10 4915. 60.
9.38E-10 4900. 60.
9.32E-10 4880. 60.
9.0E-10 4865. 60.
8.3E-10 4830. 60.
6.8E-10 4800. 60.
5.7E-10 4780. 60.
4.4E-10 4750. 60.
2.5E-10 4700. 60.
2.15E-10 4680. 60.
2.0E~10 4650. 60.
1.88E-10 4630. 60.
1.85E-10 4600. 60.
1.88E-10 4580. 60.
1.95E-10 4550. 60.

2.05E-10 4520. 60.
2.28E-10 4500. 60.
2.5E-10 4480. 60.
2.78E-10 4450. 60.
3.07E-10 4425. 60.
3.5E-10 4400. 60.
3.8E-10 4380. 60.
3.9E-10 4350. 60.
3.95E-10 4330. 60.
3.9E-10 4300. 60.
3.77E-10 4280. 60.
3.45E-10 4250. 60.
3.1E-10 4220. 60.
2.75E-10 4195. 60.
1.8E-10 4130. 60.
1.5E-10 4105. 60.
1.28E~-10 4080. 60.
1.1E-10 4050. 60.
0.9E-10 4000. 60.
0.8E-10 3935. 120.
0.77E-10 3870. 120.
0.75E-10 3805. 120.
0.73E~-10 3750. 120.
0.75E-10 3680. 120.
0.78E-10 3625. 120.
0.83E-10 3560. 120.
0.91E-10 3490. 120.
1.00E-10 3420. 120.
1.13E-10 3365. 120.
1.30E-10 3295. 120.
1.50E-10 3230. 120.
1.75E-10 3170. 120.
2.02E-10 3110. 120.
2.43E-10 3050. 120.
2.82E-10 2990. 120.




D& lL=1V
3.63E-10
3.85E-10
4.03E~-10
4.20E-10
4.42E-10
4.72E-10
5.02E-10
5.37E-10
5.61E-10
5.71E-10
5.95E-10
6.58E-10
7.40E-10
8.10E-10
8.80E-10
9.30E-10
10.0E-10
12.0E-10
14.2E-10
17.8E-10
20.0E-10
20.5E-10

4LIVD.
2850.
2795.
2720.
2660.
2595.
2505.
2440.
2375.
2300.
2230.
2170.
2090.
2009.
1981.
1945.
1905.
1865.
1780.
1710.
1625.
1540.
1475.

14U,
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
60.

60.

60.

60.

120.
120.
120.
120.
120.



SAMPLE THICKNESS=0.375inches (51) PURE ICE VCH.=500
FROZEN UNDER A VACUUM OF 12 PSI
83 20. 0.019
0.23E-10 5170. 60.
0.32E-10 5140. 60.
0.48E-10 5120. 60.
0.75E-10 5100. 60.
1.05E-10 5075. 60.
1.7E-10 5035. 60.
2.1E-10 5020. 60.
2.8E-10 4990. 60.
3.6E-10 4975. 60.
4.2E-10 4950. 60,
4.9E~10 4930. 60.
5.25E-10 4900. 60.
5.3E-10 4880. 60.
5.22E-10 4865. 60.
4.85E-10 4840. 60.
4.1E-10 4805. 60.
3.6E-10 4790. 60.
2.8E-10 4775. 60.
2.0E-10 4750. 60.
1.5E-10 4705. 60.
1.3E-10 4695. 60.
1.0E-10 4675. 60.
0.95E-10 4650. 60.
0.90E-10 4620. 60.
0.88E-10 4600. 60.
0.85E-10 4575. 60.
0.88E-10 4550. 60.
0.95E-10 4520. 60.
1.0E-10 4500. 60.
'1.15E-10 4475. 60.
1.25E-10 4445. 60.
1.4E-10 4410. 60.
1.5E-10 4390. 60.
1.55E-10 4375. 60.
1.55E-10 4335. 60.
1.5E-10 4320. 60.
1.4E-10 4290. 60.
1.2E-10 4275. 60.
1.1E-10 4240. 60.
0.9E-10 4200. 60.
0.75E-10 4185. 60.
0.55E-10 4125. 120.
0.4E-10 4075. 120.
0.33E-10 4005. 120.
0.3E-10 3950. 120.
0.3E-10 3880. 120.
0.3E-10 3820. 120.
0.3E-10 3760. 120.
0.3E-10 3700. 120.
0.3E-10 3630. 120.
0.33E-10 3575. 120.
0.40E-10 3500. 120.
0.43E-10 3460. 120.
0.50E-10 3400. 120.
0.70E-10 3330. 120.
0.85E-10 3265. 120.
1.05E-10 3205. 120.
1.30E-10 3150. 120.
1.55E-10 3090. 120.
1.85E-10 3020. 120.




e lULTILY LIIV. LLU.
2.28E-10 2890. 120.
2.37E-10 2810. 120.
2.40E-10 2750. 120.
2.41E-10 2700. 120.
2.5E-10 2620. 120.

2.70E-10 2570. 120.
2.94E-10 2475. 120.
3.20E-10 2415. 120.
3.43E-10 2345. 120.
3.58E-10 2290. 120.
3.75E~-10 2205. 120.
3.95E-10 2120. 120.
4.40E-10 2050. 120.
5.10E-10 1980. 120.
6.00E-10 1900. 120.
7.05E-10 1820. 120.
8.10E-10 1750. 120.
9.40E-10 1680. 120.
11.7E-10 1630. 60.

14.3E-10 1600. 60.

14.3E-10 1505. 120.
13.5E-10 1430. 120.
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SAMPLE THICKNESS=0.37inches PURE ICE VCH.=1500
TEFLON BLOCKING LAYERS USED GUARD RING FLOATING DURING DISCHARGING
83 20. 0.019
0.23E-11 4820. 0.0
0.24E-11 4800. 60.
0.25E-11 4780. 60.
0.26E~11 4760. 60.
0.27E-11 4740. 60,
0.29E-11 4720. 60.
0.34E-11 4700. 60.
0.40E-11 4675. 60.
0.54E-11 4650. 60.
0.70E-11 4625. 60.
0.95E-11 4600. 60.
1.30E-11 4575. 60.
1.70E-11 4550. 60.
2.10E-11 4525. 60.
2.47E-11 4500. 60.
2.82E-11 4475. 60.
2.96E-11 4450. 60.
2.96E-11 4425, 60.
2.80E-11 4400. 60.
2.45E-11 4375. 60.
2.00E-11 4350. 60.
1.65E-11 4325. 60.
1.40E-11 4300. 60.
1.29E-11 4275. 60.
1.32E-11 4250. 60.
1.49E-11 4225. 60.
1.62E-11 4200. 60.
1.70E-11 4175. 60.
1.63E-11 4150. 60.
1.49E-11 4120. 60.
1.31E-11 4090. 60.
1.15E-11 4060. 60.
0.99E-11 4030. 60.
0.84E-11 4000. 60.
0.72E-11 3970. 60.
0.65E-11 3940. 60.
0.61E-11 3910. 60.
0.61E-11 3880. 60.
0.65E-11 3850. 60.
0.70E-11 3820. 60.
0.82E-11 3790. 60.
0.98E-11 3760. 60.
1.12E-11 3730. 60.
1.20E-11 3700. 60.
1.15E-11 3670. 60.
0.94E-11 3640. 60.
0.60E-11 3610. 60.
0.33E-11 3580. 60.
0.18E-11 3520. 120.
0.19E-11 3460. 120.
0.19E-11 3400. 120.
0.19E-11 3340. 120.
0.19E-11 3280. 120.
0.19E~-11 3220. 120.
0.19E-11 3160. 120.
0.18E-11 3100. 120.
0.18E-11 3030. 120.
0.18E-11 2960. 120.
f 0.19E-11 2890. 120.
0.20E-11 2820. 120.




0.21E-11
0.23E-11
0.28E-11
0.32E-11
0.38E-11
0.41E-11
0.43E-11
0.43E-11
0.37E-11
0.05E-11
0.00E-11
0.00E-11
0.00E-11
0.00E-11
0.00E-11
0.00E-11
0.00E-11
0.00E-11
0.00E-11
0.00E-11
0.00E-11
0.00E-11
0.00E-11

2750.
2680.
2610.
2540.
2460.
2380.
2300.
2220.
2140.
2060.
1980.
1940.
1900.
1860.
1820.
1780.
1740.
1700.
1660.
1620.
1580.
1540.
1500.

120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
60.
60.
60.
60.
60.
60.
60.
60.
60.
60.
60.
60.
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SAMPLE THICKNESS=0.375 in. (51) PURE ICE VCH.=1500
FROZEN UNDER A VACUUM OF 12 PSI ‘
83 20. 0.019
0.28E-10 5140. 0.0
0.50E-10 5115. 60.
0.70E-10 5090. 60.
1.13E-10 5060. 60.
1.50E-10 5040. 60.
2.00E~-10 5015. 60.
2.50E-10 5000. 60.
3.00E-10 4985. 60.
3.65E-10 4970. 60.
4.60E-10 4935. 60.
5.40E-10 4918. 60.
6.60E-10 4895. 60.
8.20E-10 4873. 60.
9.20E~-10 4850. 60.
10.0E-10 4829. 60.
12.0E-10 4800. 60.
13.0E-10 4780. 60.
14.0E-10 4730. 60.
14.0E-10 4700. 60.
13.0E-10 4670. 120.
12.5E-10 4640. 60.
12.0E-10 4600. 90.
12,.5E-10 4550. 120.
13.0E-10 4520. 60.
13.5E-10 4500. 60.
13.9E-10 4475. 60.
14.2E-10 4420. 90.
13.7E-10 4395. 90.
13.0E-10 4370. 60.
11.5E~-10 4330. 90.
10.0E-10 4300. 60.
8.0E-10 4270. 60.
7.0E-10 4250. 60.
4.92E-10 4205. 90.
4.65E-10 4190. 60.
4,.45E-10 4150. 60.
4.32E-10 4110. 60.
4.28E-10 4100. 60.
4.30E-10 4070. 60.
4,.33E-10 4030. 60.
4,65E-10 3980. 120.
5.15E-10 3900. 120.
5.67E-10 3840. 120.
5.90E-10 3785. 120.
6.10E-10 3710. 120.
6.20E-10 3650. 120.
6.30E-10 3590. 120.
8.0E-10 3525. 120.
8.9E-10 3455. 120.
9.7E-10 3390. 120.
10.1E-10 3330. 120.
10.8E-10 3270. 120.
11.0E-10 3200. 120.
11.1E-10 3150. 120.
11.2E-10 3075. 120.
11.2E-10 3010. 120.
11.2E-10 2950. 120.
11.2E-10 2880. 120.
11.3E-10 2835. 60.
11.4E-10 2805. 60.
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12.0E-10
12.7E-10
13.7E-10
14.8E-10
15.3E-10
16.2E-10
17.3E-10
18.0E-10
20.0E-10
20.9E-10

ho § S

2680.
2605.
2530.
2475.
2430.
2395.
2325.
2270.
2185.
2100.

e S »

120.
120.
120.
120.
60.

60.

120.
120.
120.
120.

21.45E-10 2060. 60.

21.8E-10
23.0E-10

23.25E~-10 1975.

23.5E-10
23.5E-10
23.4E-10
23.3E-10
23.0E-10
22.0E-10
21.5E-10
20.2E-10

2020.
1960.

1890.
1850.
1805.
1725.
1665.
1580.
1535.
1465.

60.
120.
60.
60.
60.
60.
120.
120.
120.
60.
120.
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SAMPLE THICKNESS=0.375 inches (51) PURE ICE VCH.=1500
FROZEN UNDER A VACUUM OF 12 PSI
83 20. 0.019
0.5E-10 5120. 0.0
0.75E~-10 5100. 60.
1.30E-10 5070. 60.
1.94E-10 5040. 60.
2.80E-10 5020. 60.
3.90E-10 5000. 60.
5.00E-10 4980. 60.
6.20E-10 4957. 60.
7.20E-10 4930. 60.
8.50E-10 4907. 60.
11.0E-10 4880. 60.
12.0E-10 4860. 60.
13.8E-10 4830. 60.
15.0E-10 4800. 60.
15.2E-10 4790. 60.
15.2E-10 4770. 60.
14.8E-10 4739. 60.
13.2E-10 4710. 60.
12.0E-10 4695. 60.
10.0E-10 4680. 60.
8.80E-10 4637. 60.
8.05E-10 4615. 60.
7.84E-10 4600. 60.
7.90E-10 4580. 60.
8.10E-10 4530. 60.
8.25E-10 4520. 60.
8.30E-10 4500. 60.
8.30E-10 4480. 60.
8.10E-10 4430. 60.
7.85E-10 4410. 60.
6.70E-10 4390. 60.
5.60E-10 4370. 60.
4.80E-10 4335. 60.
4.00E-10 4308. 60.
3.35E-10 4290. 60.
2.90E-10 4260. 60.
2.60E-10 4220. 60.
2.40E-10 4205. 60.
2.20E-10 4180. 60.
2.13E-10 4155. 60.
2.15E-10 4120. 60.
2.17E-10 4065. 60.
2.30E-10 4030. 120.
2.42E-10 3985. 120.
2.50E-10 3900. 120.
2.55E~10 3835. 120.
2.65E-10 3785. 120.
2.71E-10 3710. 120.
2.87E-10 3670. 120.
3.10E-10 3600. 120.
3.35E-10 3520. 120.
3.6E-10 3465. 120.
3.85E-10 3395. 120.
4.12E-10 3325. 120.
4.35E-10 3270. 120.
4.63E-10 3200. 120.
5.0E-10 3155. 120.
5.5E-10 3090. 120.
6.4E-10 3020. 120.
8.1E-10 2955. 120.




1U.UL=LY
12.5E-10
15.5E-10
20.0E-10
24.0E-10
28.5E-10
32.3E-10
34,.4E-10
34.8E-10
33.0E-10
30.0E-10
28.0E-10
27.0E-10
26.3E-10
26.1E-10
25.8E-10
24.7E-10
23.9E-10
23.0E-10
22.0E-10
21.0E-10
20.4E-10
19.8E-10

LOJV .
2820.
2750.
2685.
2620.
2545.
2485.
2395.
2320.
2270.
2195.
2120.
2030.
1975.
1920.
1885.
1800.
1765.
1725.
1655.
1580.
1535.
1450.

LiV.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
60.

60.

120.
60.

60.

120.
120.
60.

120.
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SAMPLE THICKNESS=0.375 in.
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(51)

FROZEN UNDER A VACUUM OF 12 PSI

83 20. 0.019
0.37E-10 5170. 0.0
0.5E-10 5135. 60.
0.65E-10 5120. 60.
1.05E-10 5100. 60.
1.8E-10 5075. 60.
2.6E-10 5050. 60.
3.7E-10 5020. 60.
5.3E-10 5000. 60.
6.9E-10 4980. 60.
8.4E-10 4950. 60.
9.8E-10 4930. 60.
12.0E-10 4910. 60.
14.5E-10 4883. 60.
16.2E~-10 4865. 60.
17.8E-10 4835. 60.
18.3E-10 4805. 60.
18.0E-10 4790. 60.
16.0E-10 4761l. 60.
13.3E-10 4730. 60.
11.0E-10 4705. 60.
9.0E-10 4695. 60.
7.2E-10 4670. 60.
6.1E-10 4635. 60.
5.5E-10 4610. 60.
5.2E-10 4600. 60.
5.0E-10 4580. 60.
4.8E-10 4545. 60.
4.6E-10 4515. 60.
4.5E-10 4500. 60.
4.3E-10 4480. 60.
4.1E-10 4430. 60.
3.8E-10 4400. 60.
3.2E-10 4382. 60.
2.7E-10 4350. 60.
2.3E-10 4325. 60.
2.05E-10 4300. 60.
1.8E-10 4280. 60.
1.7E-10 4250. 60.
1.61E-10 4220. 60.
1.55E-10 4200. 60.
1.52E-10 4175. 60.
1.52E-10 4150. 60.
1.58E-10 4115. 60.
1.60E-10 4085. 60.
1.75E-10 4020. 120.
1.95E-10 3975. 120.
2.20E-10 3890. 120.
2.35E-10 3825. 120.
2.45E-10 3770. 120.
2.50E-10 3705. 120.
2.58E-10 3640. 120.
2.64E-10 3590. 120.
2.80E-10 3515. 120.
2.9E-10 3450. 120.
3.02E-10 3390. 120.
3.10E-10 3305. 120.
3.20E-10 3260. 120.
3.35E-10 3200. 120.
3.55E-10 3125. 120.
3.85E-10 3075. 120.

_—Le T T & T

PURE ICE VCH.=1500
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5.10E-10
6.30E-10
8.50E-10
11.0E-10
14.0E-10
18.5E-10
25.0E-10
32.0E-10
40.0E-10
45.0E-10
45.8E-10
43.0E-10
38.8E-10
36.2E-10
34.0E-10
31.2E-10
28.8E-10
27.8E-10
25.5E-10
23.8E-10
23.1E-10
22.9E-10

LA

2925.
2880.
2800.
2730.
2675.
2605.
2545,
2475.
2400.
2315.
2250.
2190.
2105.
2020.
1945.
1875.
1800.
1765.
1700.
1620.
1570.
1530.

whe bt S @

120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
60.

120.
120.
60.

60.
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SAMPLE THICKNESS=0.375inches (51) PURE ICE VCH.=1500
FROZEN UNDER A VACUUM OF 12 PSI
83 20. 0.019
0.52E-10 5125. 0.0
0.80E-10 5100. 60.
1.13E-10 5076. 60.
1.70E-10 5045. 60.
2.30E-10 5020. 60.
4.00E-10 4980. 120.
4.80E-10 4955. 60.
5.60E-10 4928. 60.
6.12E-10 4905. 60.
6.28E-10 4895. 60.
6.19E-10 4870. 60.
5.83E-10 4839. 60.
5.00E-10 4805. 60.
4.90E-10 4795. 60.
4.53E-10 4770. 60.
4.45E-10 4740. 60.
4.48E-10 4710. 60.
4.55E-10 4700. 60.
4,75E-10 4670. 60.
5.05E-10 4640. 60.
5.45E-10 4620. 60.
5.90E-10 4595. 60.
6.35E-10 4575. 60.
7.40E-10 4525. 120.
7.90E-10 4500. 60.
8.50E-10 4476. 60.
9.10E-10 4442. 60.
9.70E-10 4410. 60.
10.0E-10 4390. 60.
10.2E-10 4335. 120.
10.0E-10 4295. 120.
9.50E-10 4230. 120.
8.9E~10 4190. 60.
8.2E-10 4165. 120.
7.7E-10 4130. 60.
7.4E-10 4100. 60.
7.15E-10 4070. 60.
7.02E-10 4040. 60.
7.00E-10 4005. 60.
7.03E-10 3985. 60.
7.18E~10 3940. 60.
7.38E-10 3900. 60.
7.56E-10 3880. 60.
7.80E-10 3840. 60.
7.93E-10 3815. 60.
7.95E~-10 3780. 60.
7.89E-10 3740. 60.
7.65E-10 3720. 60.
7.20E-10 3693. 60.
7.05E-10 3670. 60.
7.07E-10 3630. 60.
7.6E-10 3550. 120.
8.2E-10 3500. 120.
8.6E-10 3425. 120.
8.78E-10 3370. 120.
8.81E-10 3300. 120.
8.8E-10 3225. 120.
8.79E-10 3180. 120.
8.88E-10 3110. 120.
9.05E-10 3065. 120.
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9.75E~-10 2915. 120.
10.5E-10 2850. 120.
11.0E-10 2785. 120.
12.0E-10 2710. 120.
13.0E-10 2660. 120.
14.2E-10 2590. 120.
17.0E-10 2510. 120.
20.0E-10 2440. 120.
24.0E-10 2375. 120.
28.0E-10 2300. 120.
32.5E-10 2220. 120.
- 36.9E-10 2150. 120.
39.5E-10 2080. 120.
41.5E-10 2000. 120.
42.0E-10 1945. 120.
41.8E-10 1900. 60.
40.9E-10 1820. 120.
38.0E-10 1740. 120.
-34.5E-10 1670. 120.
30.9E-10 1595. 120.
30.0E-10 1500. 120.
30.1E-10 1420. 120.
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SAMPLE THICKNESS=0.375inches (51) PURE ICE VCH.=1500
FROZEN UNDER A VACUUM OF 12 PSI
76 20. 0.019
0.70E-10 5205. 0.0
0.90E-10 5195. 60.
1.30E-10 5180. 60.
1.90E-10 5143. 60.
2.80E-10 5120. 60.
4.00E-10 5095. 60.
5.40E-10 5075. 60.
6.60E~10 5050. 60.
8.40E-10 5020. 60.
9.70E-10 5005. 60.
11.0E-10 4985. 60.
12.0E-10 4960. 60.
12.7E-10 4934. 60.
12.9E-10 4907. 60.
12.0E-10 4888. 60.
10.0E-10 4863. 60.
8.60E-10 4839. 60.
6.60E-10 4809. 60.
5.20E-10 4795. 60.
4.30E-10 4775. 60.
4.00E-10 4730. 60.
3.88E-10 4710. 60.
3.82E-10 4700. 60.
3.78E~10 4670. 60.
3.82E-10 4630. 60.
4.00E-10 4610. 60.
4.23E-10 4594. 60.
4.60E-10 4560. 60.
5.10E~10 4530. 60.
5.50E-10 4505. 60.
6.10E-10 4490. 60.
6.40E-10 4470. 60.
6.57E-10 4430. 60.
6.47E-10 4400. 60.
6.35E~10 4388. 60.
5.90E-10 4365. 60.
5.30E-10 4337. 60.
4.50E-10 4320. 60.
4.00E~-10 4295. 60.
3.30E-10 4250. 60.
2.85E-10 4222. 60.
2.10E-10 4200. 60.
1.70E-10 4175. 60.
1.40E-10 4135. 60.
1.26E-10 4110. 60.
1.20E-10 4090. 60.
1.20E-10 4050. 60.
1.20E-10 4025. 60.
1.25E~10 3975. 120.
1.35E-10 3900. 120.
1.43E-10 3835. 120.
1.58E-10 3780. 120.
1.70E-10 3710. 120.
1.88E-10 3650. 120.
2.15E-10 3590. 120.
2.45E-10 3520. 120.
2.85E-10 3450. 120.
3.4E-10 3380. 120.
3.8E-10 3310. 120.
4.3E-10 3255. 120.
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5.3E-10 3130. 120.
5.85E-10 3080. 120.
6.4E-10 3005. 120.
6.95E-10 2945. 120.
7.55E-10 2880. 120.
8.2E-10 2800. 120.
8.8E-10 2730. 120.
9.6E-10 2680. 120.
11.0E-10 2610. 120.
13.0E-10 2530. 120.
15.0E-10 2480. 120.
17.0E-10 2415. 120.
18.8E-10 2360. 120.
20.05E-10 2280. 120.
21.8E-10 2200. 120.




THIRD REFREEZE OF SAMPLE # RSST9 RUN # F189 2/14/83
SAMPLE THICKNESS=0.375inches (51) PURE ICE VCH.=1500
FROZEN UNDER A VACUUM OF 12 PSI
83 20. 0.019
1.0E-10 5200. 0.0
1.4E-10 5175. 60.
2.3E~-10 5135. 60.
3.2E-10 5110. 60.
5.1E-10 5090. 60.
6.6E-10 5065. 60.
8.4E-10 5045. 60.
10.0E-10 5020. 60.
12.0E-10 5000. 60.
13.5E-10 4975. 60.
13.87E-10 4960. 60.
14.0E-10 4935. 60.
13.7E-10 4906. 60.
12.7E-10 4885. 60.
11.0E-10 4863. 60.
9.0E-10 4830. 60.
7.5E-10 4805. 60.
5.0E-10 4782. 60.
4.3E-10 4762. 60.
3.85E-10 4735. 60.
3.60E-10 4715. 60.
3.5E-10 4700. 60.
3.45E-10 4675. 60.
3.6E-10 4635. 60.
3.9E-10 4610. 60.
4.4E-10 4580. 60.
4.8E-10 4559. 60.
5.1E-10 4535. 60.
5.4E-10 4510. 60.
5.7E-10 4492. 60.
6.15E-10 4460. 60.
6.2E-10 4435. 60.
5.8E~-10 4405. 60.
5.4E-10 4390. 60.
4.7E-10 4365. 60.
4.1E-10 4345. 60.
3.6E-10 4309. 60.
3.1E-10 4280. 60.
2.8E-10 4250. 60.
2.5E-10 4225. 60.
2.2E-10 4195. 60.
2.0E-10 4170. 60.
1.88E-10 4140. 60.
1.77E-10 4110. 60.
1.78E-10 4080. 60.
1.80E-10 4030. 120.
1.80E-10 3970. 120.
1.72E-10 3905. 120.
1.8E-10 3860. 120.
2.0E-10 3800. 120.
2.3E-10 3720. 120.
2.65E-10 3665. 120.
2.92E-10 3600. 120.
3.25E-10 3510. 120.
3.5E-10 3475. 120.
3.85E-10 3390. 120.
4.3E-10 3330. 120.
4.9E-10 3270. 120.
5.6E-10 3200. 120.
6.3E~-10 3150. 120.




7.05E-10 3085. 120.
7.72E-10 3005. 120.
8.22E-10 2935. 120.
8.65E-10 2890. 120.
9.05E-10 2810. 120.
9.6E-10 2740. 120.

10.0E-10 2685. 120.
11.3E-10 2620. 120,
13.5E-10 2540. 120.
15.5E-10 2480. 120.
17.8E-10 2400. 120.
20.0E-10 2335. 120.
22.5E-10 2270. 120.
24.3E-10 2190. 120.
25.3E-10 2115. 120.
25.2E-10 2040. 120.
24.8E-10 2000. 60.

23.6E-10 1965. 60.

21.3E-10 1880. 120.
18.0E-10 1810. 120.
15.5E-10 1730. 120.
14.1E-10 1660. 120.
13.1E-10 1580. 120.




FOURTH REFREEZE OF RSST9 RUN # F190 2/18/83

SAMPLE THICKNESS=0.37inches (51) DOPED ICE VCH.=1500

FROZEN UNDER CARBON DIOXIDE ATMOSPHERE

83 20. 0.019

0.3E-10 5180. 0.0

0.5E-10 5145. 60.
G 0.75E-10 5120. 60.
= 1.2E-10 5100. 60.

2.0E-10 5080. 60.

3.0E-10 5052. 60.

3.6E-10 5025. 60.

5.0E-10 5000. 60.

6.4E-10 4980. 60.

8.0E-10 4955. 60.

10.0E-10 4930. 60.

11.0E-10 4905. 60.

13.3E-10 4885. 60.

14.0E-10 4865. 60.
14.2E-10 4830. 60.
14.0E-10 4805. 60.
13.4E-10 4790. 60.
12.0E-10 4765. 60.
10.0E-10 4730. 60.
9.0E-10 4710. 60.
8.15E-10 4695. 60.
7.9E-10 4660. 60.
7.72E-10 4635. 60.
7.62E-10 4615. 60.
7.55E~-10 4600. 60.
7.35E-10 4575. 60.
7.05E-10 4530. 60.
6.5E-10 4515. 60.
5.7E-10 4495. 60.
5.2E-10 4475. 60.
4.8E-10 4430. 60.
4.48E-10 4405. 60.
4.2E-10 4395. 60.
3.95E-10 4360. 60.
3.73E-10 4330. 60.
3.55E-10 4310. 60.
3.37E-10 4290. 60.
3.08E-10 4250. 60.
2.8E-10 4220. 60.
2.62E-10 4200. 60.
2.52E-10 4180. 60.
2.52E-10 4155. 60.
2.55E~-10 4120. 60.
2.7E-10 4100. 60.
3.13E-10 4030. 120.
3.78E-10 3980. 120.
4.8E-10 3900. 120.
5.8E-10 3835. 120.
7.0E-10 3785. 120.
8.5E-10 3715. 120.
10.8E-10 3650. 120.
14.5E-10 3600. 120.
24.5E-10 3525. 120.
41.0E-10 3450. 120.
68.0E-10 3400. 120.
88.0E-10 3360. 60.
120.0E-10 3315. 60.
100.0E-10 3295. 60.
83.0E-10 3265. 60.
78.0E-10 3225. 60.




73.2E-10
72 .0E-10
72.0E-10
72.3E-10
73.3E-10
74.3E-10
76.0E-10
78.0E-10
80.8E-10
84.0E-10
89.0E-10
100.0E-10
110.0E-10
115.0E-10
120.0E-10
129.0E-10
131.0E-10
130.0E-10
129.0E-10
124.0E-10
120.0E-10
116.0E-10
112.0E-10

3180.
3105.
3040.
2980.
2905.
2830.
2780.
2705.
2635.
2580.
2500.
2420.
2245,
2185.
2115.
1990.
1950.
1880.
1800.
1730.
1660.
1580.
1495.

120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
300.
120.
120.
180.
60.
120.
120.
120.
120.
120.
120.




SAMPLE # RSST10 RUN # F191 -2/22/83
SAMPLE THICKNESS=0.375inches (51) PURE ICE VCH.=1500.
FROZEN UNDER NO VACUUM
76 20. 0.019
0.37E-10 5110. 60.
0.60E-10 5090. 60.
0.85E-10 5075. 60.
1.22E-10 5035. 60.
1.80E-10 5020. 60.
2.30E-10 5005. 60.
3.00E-10 4985. 60.
3.90E-10 4970. 60.
5.10E-10 4930. 60.
6.20E-10 4905. 60.
7.90E-10 4890. 60.
9.10E-10 4875. 60.
9.90E-10 4845. 60.
10.5E-10 4815. 60.
11.7E-10 4795. 60.
11.8E-10 4770. 60.
11.5E-10 4730. 60.
11.1E-10 4705. 60.
10.3E-10 4695. 60.
9.5E-10 4675. 60.
9.4E-10 4645. 60.
9.4E-10 4620. 60.
9.43E-10 4600. 60.
9.5E-10 4570. 60.
9.3E-10 4540. 60.
8.98E-10 4520. 60.
8.91E-10 4500. 60.
9.15E-10 4480. 60.
9.5E-10 4435. 60.
10.5E-10 4410. 60.
12.0E-10 4395. 60.
13.0E-10 4375. 60.
14.2E-10 4345. 60.
15.2E-10 4320. 60.
16.2E-10 4295. 60.
17.0E-10 4260. 60.
17.0E-10 4230. 60.
16.3E-10 4205. 60.
15.0E-10 4180. 60.
13.0E-10 4150. 60.
11.0E-10 4120. 60.
9.4E-10 4095. 60.
7.85E-10 4075. 60.
7.3E-10 4030. 60.
6.85E-10 4000. 60.
6.41E-10 3950. 120.
6.31E-10 3890. 120.
6.50E-10 3820. 120.
7.50E-10 3750. 120.
8.12E-10 3695. 120.
8.70E-10 3620. 120.
9.20E-10 3570. 120.
10.6E-10 3495. 120.
12.5E-10 3420. 120.
13.8E-10 3375. 120.
14.2E-10 3300. 120.
14.1E-10 3235. 120.
13.9E-10 3185. 120.
13.8E-10 3100. 120.
13.3E-10 3035. 120.




13.1E-10
13.2E-10
13.5E-10
13.9E-10
14.1E-10
15.0E-10
15.8E-10
16.7E-10
16.8E-10
16.7E-10
16.2E-10
15.2E-10
13.9E-10
12.3E-10
10.8E-10
10.0E-10

2980.
2905.
2845.
2785.
2720.
2655.
2575.
2500.
2425,
2365.
2300.
2210.
2135.
2065.
1995.
1960.

120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
60.




FIRST REFREEZE OF RSSTLU RUN ¥ FlJa &) &LV/) 09
SAMPLE THICKNESS=0.37inches (51) PURE ICE VCH.=1500
FROZEN UNDER A 12 PSI VACUUM
83 20. 0.019
0.53E-10 5165. 0.0
0.81E-10 5130. 60.
1.20E-10 5105. 60.
1.90E-10 5085. 60.
2.90E-10 5060. 60.
4.10E-10 5030. 60.
5.60E-10 5005. 60.
7.40E-10 4985. 60.
9.50E-10 4966. 60.
10.5E~10 4950. 60.
12.0E-10 4920. 60.
13.8E~10 4895. 60.
15.0E-10 4875. 60.
15.7E-10 4850. 60.
16.3E-10 4824. 60.
16.8E-10 4798. 60.
16.6E-10 4778. 60.
16.1E-10 4748. 60.
15.6E-10 4720. 60.
15.0E-10 4700. 60.
14.6E-10 4676. 60.
14.7E-10 4645. 60.
14.9E-10 4620. 60.
15.1E-10 4600. 60.
15.3E-10 4580. 60.
15.9E-10 4555. 60.
16.2E-10 4530. 60.
16.1E-10 4505. 60.
15.6E~10 4485. 60.
14.9E-10 4450. 60.
13.7E-10 4420. 60.
12.0E-10 4400. 60.
9.90E-10 4380. 60.
8.20E-10 4350. 60.
7.00E-10 4320. 60.
6.10E-10 4300. 60.
5.50E-10 4275. 60.
5.00E-10 4235. 60.
4.52E-10 4210. 60.
4,22E-10 4180. 60.
3.95E-10 4160. 60.
3.80E-10 4130. 60.
3.80E-10 4100. 60.
3.83E-10 4075. 60.
4.02E-10 4050. 60.
4.12E-10 4015. 60.
4.30E-10 3985. 60.
4.50E-10 3948. 60.
4.60E~-10 3910. 60.
4.69E-10 3885. 60.
4.78E-10 3850. 60.
4,97E-10 3825. 60.
5.25E-10 3795. 60.
5.50E-10 3770. 60.
5.90E-10 3725. 60.
6.18E-10 3700. 60.
6.37E-10 3670. 60.
7.35E-10 3605. 120.
10.0E-10 3525. 120.
13.0E-10 3470. 120.




16 .0E-10 3405. 120.
19.5E-10 3330. 120.
19.7E-10 3270. 120.
18.0E-10 3210. 120.
17.2E-10 3155. 120.
17.25E-10 3085. 120.
17.35E-10 3030. 120.
17.9E-10 2960. 120.
18.45E-10 2890. 120.
18.8E-10 2825. 120.
19.0E-10 2700. 240.
19.3E-10 2550. 240.
20.3E-10 2400. 240.
21.7E-10 2280. 240.
25.0E-10 2125. 240.
30.2E-10 1980. 240.
32.7E-10 1890. 120.
33.7E-10 1830. 60.
34,.3E-10 1800. 60.
34.5E-10 1770. 60.
34.5E-10 1735. 60.
34.3E-10 1700. 60.
34.1E-10 1670. 60.




FIRST REFREEZE OF RSST10 RUN # F193 2/27/83
SAMPLE THICKNESS=0.37inches (51) PURE ICE VCH.=500
SAMPLE REFROZEN UNDER 12 PSI VACUUM
83 20. 0.019
0.40E-10 5100. 0.0
0.70E-10 5080. 60.
0.90E-10 5050. 60.
1.30E-10 5030. 60.
1.60E-10 5010. 60.
2.25E-10 4990. 60.
2.95E-10 4970. 60.
3.75E-10 4940. 60.
4.30E-10 4915. 60.
4.90E-10 4895. 60.
5.50E-10 4875. 60.
6.10E-10 4855. 60.
6.60E-10 4825. 60.
7.02E-10 4800. 60.
7.08E-10 4780. 60.
6.80E-10 4735. 60.
6.30E-10 4715. 60.
5.80E-10 4695. 60.
5.38E-10 4675. 60.
5.20E-10 4648. 60.
5.09E-10 4620. 60.
5.12E-10 4600. 60.
5.50E-10 4575. 60.
5.77E-10 4545. 60.
5.68E-10 4520. 60.
5.10E-10 4500. 60.
4.58E-10 4480. 60.
4.10E-10 4455. 60.
3.60E-10 4420. 60.
3.15E-10 4400. 60.
2.40E-10 4380. 60.
1.97E-10 4350. 60.
1.60E-10 4330. 60.
1.38E-10 4300. 60.
1.20E-10 4265. 60.
1.07E-10 4230. 60.
1.00E-10 4205. 60.
0.92E-10 4180. 60.
0.83E-10 4150. 60. ’
0.81E-10 4125. 60.
0.79E-10 4100. 60.
0.75E-10 4075. 60.
0.72E-10 4035. 60.
0.71E-10 4005. 60.
0.70E-10 3975. 60.
0.70E-10 3950. 60.
0.70E-10 3912. 60.
0.71E-10 3880. 60.
0.75E-10 3825. 120.
0.82E-10 3765. 120.
0.94E-10 3690. 120.
1.02E-10 3625. 120.
1.04E-10 3565. 120.
1.30E-10 3496. 120.
1.48E-10 3420. 120.
1.63E-10 3370. 120.
1.85E-10 3300. 120.
2.08E-10 3235. 120.
2.30E-10 3180. 120.
2.52E-10 3105. 120.




2.83E-10 3050. 120.
3.13E-10 2990. 120.
3.43E-10 2920. 120.
3.80E-10 2850. 120.
4.25E-10 2785. 120.
4,72E-10 2720. 120.
i 5.28E-10 2665. 120.
e 5.95E~10 2595. 120.
6.75E-10 2515. 120.
7.65E-10 2440. 120.
8.43E-10 2380. 120.
9.20E-10 2305. 120.
10.0E-10 2220. 120.
10.6E-10 2160. 120.
11.3E-10 2080. 120.
13.8E-10 1920. 240.
14.0E-10 1900. 60.
14.1E-10 1860. 60.
14.1E-10 1820. 60.
14.15E-10 1780. 60.
14.15E-10 1735. 60.
14.15E-10 1700. 60.
14.15E-10 1670. 60.




FIRST REFREEZE OF RSST10 RUN # F194 3/1/83
SAMPLE THICKNESS=0.37inches (51) PURE ICE VCH.=1000
FROZEN UNDER A 12 PSI VACUUM
83 20. 0.019
0.51E-10 5155. 0.0
0.75E-10 5130. 60.
.+ 1.07E-10 5105. 60.
©~ 1.85E-10 5085. 60.
2.55E-10 5060. 60.
3.70E-10 5030. 60.
5.10E-10 5009. 60.
6.10E-10 4990. 60.
7.15E-10 4975. 60.
8.30E-10 4950. 60.
9.97E-10 4925. 60.
10.9E-10 4900. 60.
11.6E-10 4875. 60.
11.9E-10 4845. 60.
11.9E-10 4820. 60.
11.7E-10 4800. 60.
10.5E-10 4775. 60.
9.30E-10 4740. 60.
8.90E-10 4720. 60.
8.23E-10 4700. 60.
8.02E-10 4675. 60.
7.98E-10 4632. 60.
8.01E-10 4615. 60.
8.21E-10 4597. 60.
8.73E-10 4577. 60.
9.26E-10 4558. 60.
9.31E-10 4530. 60.
9.18E-10 4503. 60.
8.65E~10 4485. 60.
7.70E-10 4457. 60.
6.70E-10 4430. 60.
5.85E-10 4400. 60.
5.23E-10 4373. 60.
4.33E-10 4340. 60.
3.48E-10 4316. 60.
3.10E-10 4293. 60.
2.74E-10 4263. 60.
2.45E-10 4233. 60.
2.24E-10 4205. 60.
2.06E-10 4182. 60.
1.92E-10 4152. 60.
1.80E-10 4129. 60.
1.70E-10 4000. 60.
1.65E~10 4072. 60.
1.61E-10 4042. 60.
1.63E-10 4015. 60.
1.69E-10 3985. 60.
1.79E-10 3960. 60.
2.03E-10 3885. 120.
2.32E-10 3805. 120.
2.58E-10 3730. 120.
2.87E-10 3675. 120.
3.20E-10 3615. 120.
3.45E-10 3560. 120.
3.86E-10 3490. 120.
4.25E-10 3425. 120.
4.70E-10 3362. 120.
5.08E-10 3295. 120.
5.38E-10 3225. 120.
5.72E-10 3170. 120.




6.05E-10
6.45E-10
7.00E-10
7.60E-10
8.38E-10
9.40E-10
10.0E-10
11.0E-10
12.0E-10
13.1E-10
14.3E-10
15.7E-10
16.4E-10
17.9E-10
19.0E-10
20.7E-10
21.3E-10
21.9E-10
22.0E-10
22.0E-10
21.8E-10
21.2E-10
20.2E-10

3110.
3050.
2980.
2910.
2850.
2780.
2710.
2643.
2578.
2498.
2430.
2375.
2300.
2220.
2140.
1995.
1915.
1875.
1830.
1760.
1725.
1685.
1600.

120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
240.
120.
60.
60.
120.
60.
60.
120.



THIRD REFREEZE OF RSST10 RUN # F196 ' 3/8/83
SAMPLE THICKNESS=0.37inches (51) PURE ICE VCH.=1500
FROZEN UNDER A 12 PSI VACUUM
76 20. 0.019
0.75E-10 5185. 0.0
1.05E-10 5163. 60.
1.83E-10 5127. 60.
2.70E-10 5105. 60.
4.30E-10 5080. 60.
5.60E-10 5052. 60..
7.30E-10 5028. 60.
8.50E-10 5005. 60.
10.0E-10 4985. 60.
12.7E-10 4965. 60.
15.5E-10 4940. 60,
17.3E-10 4915. 60.
18.3E-10 4890. 60.
18.2E-10 4868. 60..
17.3E-10 4840. 60..
15.7E-10 4815. 60.
13.7E-10 4790. 60.
11.7E-10 4765. 60.
9.7E-10 4740. 60.
8.8E-10 4720. 60.
7.8E-10 4700. 60.
6.98E-10 4676. 60.
6.88E-10 4645. 60.
6.92E-10 4620. 60.
7.06E-10 4600. 60.
7.35E-10 4580. 60.
7.62E-10 4548. 60.
7.98E-10 4523. 60.
8.35E-10 4505. 60.
8.76E-10 4480. 60.
9.28E-10 4452. 60.
9.60E-10 4428. 60«
9.77E~-10 4402. 60.
9.82E-10 4380. 60.
9.83E-10 4357. 60.
9.82E-10 4330. 60.
9.78E-10 4302. 60..
9.62E-10 4276. 60.
9.25E-10 4240. 60.
8.78E-10 4215. 60.
8.38E-10 4186. 60.
8.05E-10 4162. 60.
7.77E-10 4130. 60.
7.55E-10 4105. 60.
7.32E-10 4080. 60.
7.15E-10 4050. 60.
7.00E-10 4023. 60.
6.89E-10 4000. 60.
6.80E-10 3968. 60.
6.72E-10 3930. 60.
6.58E-10 3855. 120.
6.52E-10 3790. 120.
6.63E-10 3725. 120.
7.15E-10 3670. 120.
8.10E-10 3610. 120.
9.50E~10 3540. 120.
11.2E-10 3470. 120.
12.8E-10 3390. 120.
13.0E-10 3330. 120.
11.9E-10 3270. 120.




11.2E-10
10.8E~10
10.2E-10
10.3E-10
10.8E-10
11.1E-10
11.5E-10
11.9E-10
12.1E-10
12.5E-10
13.1E-10
14.5E-10
15.8E-10
16.9E-10
19.7E-10
21.8E-10

3215.
3157.
3090.
3025.
2960.
2890.
2820.
2750.
2690.
2625.
2568.
2485.
2405.
2330.
2200.
2035.

120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.

120.

120.
240-
240.



SAMPLE # RSST11l RUN # F198 3/14/093
SAMPLE THICKNESS=0.37inches (51) PURE ICE VCH.=1500
FROZEN UNDER A 11 PSI VACUUM
83 20. 0.019
0.52E-10 5120. 0.0
0.76E-10 5095. 60.
1.10E-10 5070. 60.
1.48E-10 5045. 60.
1.94E-10 5020. 60.
2.40E-10 4997. 60.
3.15E-10 4972. 60.
4.00E-10 4945. 60.
4.,90E-10 4920. 60.
5.75E-10 4898. 60.
6.53E-10 4875. 60.
7.35E-10 4849. 60.
8.38E-10 4822. 60.
9.00E-10 4790. 60.
9.25E-10 4770. 60.
9.28E-10 4748. 60.
9.07E-10 4722. 60.
8.68E-10 4700. 60.
8.08E-10 4680. 60.
7.62E-10 4656. 60.
7.45E-10 4630. 60.
7.88E~10 4607. 60.
8.53E-10 4580. 60.
9.35E-10 4552. 60.
9.90E-10 4530. 60.
10.6E-10 4505. 60.
12.2E~-10 4480. 60.
13.7E-10 4453. 60.
15.5E-10 4425. 60.
17.0E~10 4400. 60.
18.1E-10 4378. 60.
19.2E-10 4350. 60.
20.3E-10 4325. 60.
21.1E-10 4300. 60.
21.8E-10 4273. 60.
21.9E-10 4240. 60.
21.2E-10 4215. 60.
20.2E-10 4190. 60.
18.9E-10 4167. 60.
17.7E-10 4132. 60.
16.7E-10 4104. 60.
15.4E-10 4076. 60.
14.9E-10 4042. 60.
14.0E-10 4018. 60.
13.3E-10 3990. 60.
12.9E-10 3960. 60.
12.2E-10 3930. 60.
11.8E-10 3850. 120.
10.9E-10 3790. 120.
10.2E-10 3725. 120.
9.80E-10 3670. 120.
9.90E-10 3605. 120.
10.8E-10 3520. 120.
12.1E-10 3465. 120.
13.8E-10 3390. 120.
14.6E-10 3325. 120.
15.6E~10 3260. 120.
16.0E-10 3200. 120.
16.2E-10 3140. 120.
16.5E-10 3080. 120.




17.0E-10
17.6E-10
18.1E-10
18.3E-10
18.5E~-10
18.5E-10
19.1E-10
21.5E-10
24.8E-10
29.0E~-10
32.4E-10
37.0E-10
40.8E-10
44.0E-10
45.3E-10
47.0E-10
50.7E~10
50.7E-10
49.9E-10
46.3E-10
41 .5E-10
36.0E-10
30.5E-10

3015.
2935.
2880.
2815.
2748.
2688.
2620.
2550.
2480.
2400.
2330.
2260.
2190.
2115.
2077.
2030.
1950.
1920.
1890.
1810.
1730.
1670.
1580.

120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
60.

60.

120.
60.

60.

120.
120.
120.
120.




THIRD REFREEZE OF RSST1l RUN # F201 3/24/83
SAMPE THICKNESS=0.37inches  (51) PURE ICE VCH.=1500
FROZEN UNDER A 11 PSI VACUUM

83 20. 0.019
0.65E-10 5205. 0.0
0.93E-10 5187. 60.

= 1.30E-10 5165. 60.

- 2.00E-10 5132. 60.

2.75E-10 5110. 60.

3.90E-10 5090. 60.

5.05E-10 5070. 60.

6.20E-10 5050. 60.

7.60E-10 5025. 60.

9.00E-10 5005. 60.

10.2E-10 4987. 60.

11.3E-10 4968. 60.

12.5E-10 4943. 60.

14.0E-10 4917. 60.

14.9E-10 4893. 60.

15.1E-10 4871. 60.

15.0E~10 4846. 60.

14.2E-10 4815. 60.

13.2E-10 4792. 60.

'12.0E-10 4768. 60.

10.6E-10 4740. 60.

9.60E-10 4720. 60.

8.90E-10 4700. 60.

8.27E~10 4675. 60.

7.73E-10 4642. 60.

7.48E-10 4615. 60.

7.53E~10 4592. 60.

8.20E~10 4570. 60.

9.05E-10 4546. 60.

9.70E-10 4520. 60.

10.4E-10 4500. 60.

10.8E-10 4480. 60.

11.2E-10 4452. 60.

11.8E-10 4423. 60.

12.0E-10 4400. 60.

11.9E-10 4370. 60.

11.3E-10 4340. 60.

10.2E-10 4313. 60.

9.20E-10 4280. 60.

8.20E-10 4250. 60.

8.00E-10 4223. 60.

7.55E-10 4200. 60.

7.00E-10 4177. 60.

6.55E-10 4150. 60.

6.20E-10 4122. 60.

5.83E-10 4093. 60.

5.58E-10 4060. 60.

5.32E-10 4031. 60.

5.12E-10 4003. 60.

4.95E-10 3980. 60.

4.63E-10 3900. 120.

4.32E-10 3830. 120.

4.17E-10 3780. 120.

4.05E-10 3710. 120.

4.08E-10 3650. 120.

4.19E-10 3595. 120.

4.48E-10 3510. 120.

4.78E-10 3460. 120.

5.20E-10 3395. 120.

5.63E-10 3320. 120.




6.12E-10
6.62E-10
7.10E-10
7.50E-10
7.93E-10
8.37E-10
8.85E-10
9.46E-10
10.0E-10
10.5E-~10
11.1E-10
12.3E-10
15.8E-10
17.9E-10
18.7E-10
19.5E-10
20.5E-10
22.8E-10
24.1E-10
25.1E~-10
25.2E-10
24.9E-10
23.9E-10

3260.
3210.
3140.
3070.
3010.
2950.
2880.
2800.
2735.
2680.
2610.
2535.
2390.
2250.
2190.
2110.
2030.
1970.
1875.
1800.
1720.
1650.
1570.

120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
240.
240.
120

120.
120.
120.
120.
120.
120.
120.
120.




FIFTH REFREEZE OF RSST11l RUN # F203 3/30/83
SAMPLE THICKNESS=0.37inches (51) PURE ICE VCH.=1500
FROZEN UNDER CARBON DIOXIDE ATMOSPHERE ?
83 20. 0.019
0.34E-10 5110. 0.0
0.55E-10 5087. 60.
0.64E-10 5060. 60.
0.87E-10 5030. 60.
1.00E-10 5010. 60.
1.20E-10 4990. 60.
1.50E-10 4965. 60.
1.86E-10 4940. 60.
2.18E-10 4915. 60.
2.54E-10 4890. 60.
3.05E-10 4870. 60.
3.60E~10 4845. 60.
4.05E-10 4820. 60.
4.70E-10 4795. 60.
5.35E-10 4768. 60.
6.22E-10 4740. 60.
6.68E-10 4715. 60.
6.79E-10 4695. 60.
6.80E-10 4675. 60.
6.79E-10 4648. 60.
6.72E-10 4620. 60.
6.60E-10 4600. 60.
6.42E-10 4573. 60.
6.10E-10 4550. 60.
5.44E-10 4525. 60.
4.96E-10 4500. 60.
4.65E-10 4480. 60.
4.45E-10 4453. 60.
4.35E-10 4425. 60.
4.28E-10 4400. 60.
4.28E~10 4372. 60.
4.38E-10 4340. 60.
4.70E-10 4313. 60.
5.20E-10 4288. 60.
5.80E-10 4260. 60.
6.60E-10 4230. 60.
7.00E-10 4200. 60.
7.28E-10 4172. 60.
. 7.30E-10 4148. 60.
7.28E-10 4120. 60.
7.18E-10 4095. 60.
7.03E-10 4070. 60.
7.02E-10 4040. 60.
7.28E-10 4010. 60.
7.98E-10 3988. 60.
10.0E-10 3910. 120.
11.2E-10 3850. 120.
12.9E-10 3790. 120.
14.6E-10 3710. 120.
16.7E-10 3660. 120.
18.9E-10 3600. 120.
20.8E-10 3530. 120.
23.0E-10 3462. 120.
25.7E-10 3392. 120.
28.0E-10 3340. 120.
30.1E-10 3290. 120.
32.3E-10 3220. 120.
34.7E-10 3170. 120.
36.4E-10 3100. 120.
38.8E-10 3040. 120.




41.3E-10
46 .0E-10
53.0E-10
61.0E-10
69.0E-10
80.0E-10
91.0E-10
100.E-10
113.E-10
130.E-10
145.E-10
170.E-10
183.E-10
195.E-10
202.E-10
210.E-10
230.E-10
250.E-10
268.E-10
273.E-10
272.E-10
271.E-10
268.E-10

2985.
2900.
2830.
2770.
2700.
2630.
2570.
2500.
2430.
2360.
2290.
2210.
2173.
2131.
2100.
2061.
1980.
1900.
1825.
1760.
1675.
1590.
1520.

120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
60.

60.

60.

60.

120.
120.
120.
120.
120.
120.
120.



THIRD REFREEZE OF RSST12 RUN # F204 4/6/83
SAMPLE THICKNESS=0.37inches PURE ICE VCH.=1500
FROZEN UNDER A 11 PSI VACUUM
83 20. 0.019
0.30E-10 5150. 0.0
0.40E-10 5128. 60.
0.70E-10 5105. 60.
1.10E-10 5078. 60.
1.70E-10 5052. 60.
2.10E-10 5025. 60.
2.90E-10 5005. 60.
3.80E-10 4982. 60.
4.90E-10 4960. 60.
6.00E-10 4935. 60.
7.20E-10 4913. 60.
9.20E-10 4890. 60.
10.0E~10 4863. 60.
11.1E-10 4833. 60.
12.2E-10 4808. 60.
13.0E-10 4785. 60.
13.0E-10 4765. 60.
12.8E-10 4740. 60.
12.1E-10 4715. 60.
12.0E-10 4692. 60.
11.8E-10 4670. 60.
11.2E-10 4645. 60.
11.0E-10 4620. 60.
10.9E-10 4600. 60.
11.1E-10 4575. 60.
11.8E-10 4540. 60.
12.1E-10 4515. 60.
13.0E-10 4490. 60.
14.5E-10 4465. 60.
15.7E-10 4436. 60.
16 .0E-10 4408. 60.
16.1E-10 4385. 60.
16.0E-10 4360. 60.
15.0E-10 4330. 60.
13.8E-10 4305. 60.
12.5E-10 4278. 60.
11.0E-10 4250. 60.
9.50E-10 4220. 60.
8.00E-10 4190. 60.
6.90E-10 4160. 60.
6.00E-10 4135. 60.
5.48E-10 4110. 60.
5.11E-10 4090. 60.
4,99E-10 4045. 60.
4.92E-10 4015. 60.
4.90E-10 3985. 60.
4.92E-10 3957. 60.
5.03E-10 3925. 60.
5.14E-10 3890. 60.
5.27E-10 3850. 60.
5.55E-10 3790. 120.
5.82E-10 3730. 120.
6.30E-10 3670. 120.
6.95E-10 3600. 120.
8.18E-10 3530. 120.
10.0E-10 3465. 120.
12.1E-10 3395. 120.
14.1E-10 3330. 120.
15.1E-10 3270. 120.
15.7E-10 3205. 120.




15.9eE-10
16.1E-10
17.0E-10
17.8E-10
18.0E-10
18.1E-10
18.1E-10
18.1E-10
18.0E-10
17.9E-10
17.8E-10
17.2E-10
16.2E-10
15.0E-10
14.0E-10
13.1E-10
12.3E-10
12.1E-10
11.8E-10
11.3E-10
11.0E-10
10.9E-10
10.8E-10

3145.
3080.
3010.
2940.
2880.
2810.
2745.
2685.
2615.
2550.
2480.
2405.
2330.
2265.
2200.
2120.
2035.
1950.
1880.
1800.
1730.
1670.
1600.

120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.



FOURTH REFREEZE OF RSST12 RUN # F205 4/19/83
SAMPLE THICKNESS=.37inches PURE ICE VCH.=1500
FROZEN UNDER A 11 PSI VACUUM
83 20. 0.019
0.40E-10 5180. 0.0
0.49E-10 5160. 60.
0.63E~10 5140. 60.
0.78E-10 5118. 60.
1.15E~-10 5093. 60.
1.48E-10 5071. 60.
2,00E-10 5045. 60.
2.70E-10 5020. 60.
3.20E~-10 5000. 60.
4.00E-10 4980. 60.
5.00E-10 4955. 60.
6.70E-10 4929. 60.
8.20E-10 4903. 60.
9.80E~10 4880. 60.
11.0E-10 4855. 60.
12.9E-10 4830. 60.
14.5E-10 4803. 60.
15.9E-10 4780. 60.
16 .8E~-10 4755. 60.
17.1E-10 4730. 60.
16.9E~-10 4703. 60.
16.2E-10 4680. 60.
15.3E-10 4653. 60.
14.5E-10 4628. 60.
. 14.1E-10 4600. 60.
14.0E-10 4575. 60.
14.1E-10 4550. 60.
14.2E-10 4525. 60.
14.6E-10 4500. 60.
15.0E-10 4475. 60.
16 .0E-10 4450. 60.
17.4E-10 4425. 60.
17.9E-10 4400. 60.
17.7E-10 4375. 60.
16.8E-10 4350. 60.
15.5E-10 4325. 60.
13.7E-10 4300. 60.
12.0E-10 4275. 60.
10.3E-10 4250. 60.
8.60E-10 4205. 60.
7.30E-10 4178. 60.
6.50E-10 4150. 60.
6.10E-10 4120. 60.
5.83E-10 4090. 60.
5.63E-10 4060. 60.
5.51E-10 4030. 60.
5.52E-10 4000. 60.
5.85E-10 3950. 120.
6.34E-10 3885. 120.
6.75E-10 3820. 120.
7.20E-10 3753. 120.
7.77E-10 3695. 120.
8.65E-10 3625. 120.
9.98E-10 3560. 120.
11.7E-10 3490. 120.
13.8E-10 3420. 120.
15.9E-10 3365. 120.
18.1E-10 3295. 120.
19.8E-10 3230. 120.
21.0E-10 3165. 120.




21.8E~10
22.1E-10
22 .9E-10
23.7E-10
24.2E-10
24 .3E-10
24.2E-10
24.1E-10
23.9E-10
23.7E-10
23.2E-10
23.0E-10
22.5E-10
22.0E-10
21.2E-10
20.0E-10
18.9E-10
17.8E-10
16.6E-10
16.0E~10
16.0E-10
16.2E~-10
17.1E-10

3100.
3030.
2975.
2905,
2830.
2770.
2705.
2630.
2570.
2500.
2425.
2350.
2280.
2200,
2125,
2050.
1980.
1905.
1825.
1750.
1675.
1595.
1500.

120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.




SIXTH REFREEZE OF RSST12 RUN ¢ F207 4/16/83
SAMPLE THICKNESS=,37inches DOPED ICE VCH.=1500
FROZEN UNDER CARBON DIOXIDE ATMOSPHERE
83 20. 0.019
0.39E-10 5130. 0.0
0.63E-10 5105. 60.
0.90E~10 5083. 60.
1.20E-10 5058. 60.
1.50E-10 5032. 60.
1.80E-10 5010. 60.
2.25E-10 4990. 60.
2.80E-10 4970. 60.
3.20E-10 4947. 60.
3.65E-10 4920. 60.
4.02E-10 4900. 60.
4 ,50E~-10 4880. 60.
4.90E-10 4853. 60.
5.17E~10 4825. 60.
5.27E-10 4800. 60.
5.20E-10 4775. 60.
5.01E-10 4750. 60.
4,72E-10 4725. 60.
4.36E-10 4700. 60.
4.00E-10 4675. 60.
3.73E-10 4650. 60.
3.52E-10 4625. 60.
3.39E-10 4600. 60.
3.30E~10 4575. 60.
3.20E~-10 4550. 60.
3.03E~10 4525. 60.
2.89E-10 4500. 60.
2.83E-10 4475. 60.
2.86E~10 4450. 60.
2.93E-10 4425. 60.
3.02E-10 4400. 60.
3.10E-10 4375. 60.
3.18E~10 4350. 60.
3.26E-10 4325. 60.
3.31E-10 4300. 60.
3.32E-10 4275. 60.
3.35E-10 4250. 60.
3.35E-10 4225. 60.
3.31E-10 4200. 60.
3.28E-10 4175. 60.
3.29E-10 4140. 60.
3.31E-10 4110. 60.
3.38E-10 4080. 60.
3.50E-10 4050. 60.
3.68E~10 4020. 60.
3.90E-10 3988. 60.
4.20E-10 3953. 60.
4 .55E-10 3920. 60.
5.00E-10 3890. 60.
5.68E-10 3825. 120.
6.12E-10 3760. 120.
6.43E-10 3700. 120.
6.80E-10 3630. 120.
7.50E-10 3570. 120.
9,.30E~-10 3495. 120.
10.2E-10 3425. 120.
11.0E-10 3365. 120.
12.1E-10 3295. 120.
14.2E-10 3230. 120.
17.0E-10 3170. 120.




20.6E-10
24 .5E-10
31.0E-10
39.0E-10
47.3E-10
57.8E-10
65.7E-10
80.5E~-10
93.0E-10
108.E-10
129.E-10
148.E-10
163.E-10
188.E-10
199.E-10
210.E-10
225.E~10
230.E-10
227.E-10
220.E-10
215.E-10
207.E-10
200.E-10

3105.
3040.
2970.
2900.
2835.
2770.
2700.
2635.
2570.
2500.
2425.
2365.
2295.
2220.
2140.
2065.
1990.
1920.
1835.
1770.
1700.
1620.
1535.

120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.




SAMPLE # RTF4 RUN # F208 4/21/83
SAMPLE THICKNESS=.37inches PURE ICE VCH.=1500
FROZEN UNDER A 11 PSI VACUUM
83 20. 0.019
0.84E-10 5190. 0.0
1.00E-10 5160. 60.
1.40E-10 5135. 60.
1.90E-10 5110. 60.
2,80E-10 5090. 60.
3.60E-10 5065. 60.
4.18E-10 5040. 60.
4.60E-10 5015. 60.
4.75E-10 4995. 60.
4,.75E-10 4975. 60.
4.63E-10 4950. 60.
4.30E-10 4925. 60.
3.80E-10 4900. 60.
3.10E-10 4875. 60.
2.20E-10 4850. 60.
1.67E-10 4825. 60.
1.25E-10 4800. 60.
0.75E-10 4775. 60.
0.42E-10 4750. 60.
0.37E-10 4725. 60.
0.32E-10 4700. 60.
0.31E-10 4675. 60.
0.29E-10 4650. 60.
0.28E-10 4625. 60.
0.26E-10 4600. 60.
0.23E-10 4575. 60.
0.21E-10 4550. 60.
0.18E-10 4525. 60.
0.10E-10 4500. 60. \
0.00E-10 4475. 60.
0.00E-10 4450. 60.
0.00E-10 4425. 60. -
0.00E-10 4400. 60.
0.00E-10 4375. 60.
0.00E-10 4350. 60.
0.00E-10 4325. 60.
0.00E-10 4300. 60.
0.00E-10 4275. 60.
0.00E-10 4250. 60.
0.00E-10 4225. 60.
0.00E-10 4200. 60.
0.00E-10 4175. 60.
0.00E-10 4150. 60.
0.00E-10 4120. 60.
0.00E-10 4090. 60.
0.00E-10 4060. 60.
0.00E-10 4030. 60.
0.00E-10 4000. 60.
0.00E-10 3960. 60.
0.00E-10 3930. 60.
0.00E-10 3870. 120.
0.00E-10 3800. 120.
0.00E-10 3730. 120.
0.00E-10 3600. 240.
0.00E-10 3530. 120.
0.00E-10 3470. 120.
0.00E-10 3400. 120.
0.00E-10 3330. 120.
0.00E-10 3270. 120.
0.00E-10 3210. 120.




0.00E-10
0.00E-10
0.00E-10
0.05E~-10
0.15E-10
0.30E-10
0.48E-10
0.63E-10
0.98E-10
1.38E~10
1.95E~10
2.63E~10
3.39E-10
4.00E-10
4,.38E-10
4.32E-10
3.82E-10
3.25E-10
2.55E-10
1.93E-10
1.57E-10
1.32E-10
1.20E-10

3150.
3080.
3010.
2950.
2890.
2820.
2760.
2695.
2620.
2560.
2490.
2420.
2350.
2280.
2200.
2120.
2050.
1980.
1900.
1820.
1740.
1660.
1590.

120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.




FIRST REFREEZE OF RTF4 RUN # F209 4/24/83
SAMPLE THICKNESS=0.37inches PURE ICE VCH.=1500
FROZEN UNDER A 11 PSI VACUUM
83 20. 0.019
0.75E-10 5165. 0.0
1.15E-10 5140. 60.
1.93E-10 5115. 60.
2.85E-10 5090. 60.
3.90E-10 5065. 60.
4.90E-10 5037. 60.
5.90E-10 5010. 60.
6.78E~-10 4983. 60.
6.99E-10 4957. 60.
6.92E-10 4930. 60.
6.47E~-10 4900. 60.
5.60E~10 4875. 60.
4.50E-10 4850. 60.
3.65E-10 4825. 60.
3.00E~10 4800. 60.
2.10E-10 4775. 60.
1.60E-10 4750. 60.
1.03E-10 4725. 60.
0.63E~-10 4700. 60.
0.31E-10 4675. 60.
0.17E-10 4650. 60.
0.03E-10 4625. 60.
0.00E-10 4600. 60.
0.00E-10 4575. 60.
0.00E-10 4550. 60.
0.00E-10 4525. 60.
0.00E-10 4500. 60.
0.00E-10 4475. 60.
0.00E-10 4450. 60.
0.00E-10 4425. 60.
0.00E~-10 4400. 60.
0.00E-10 4375. 60.
0.00E-10 4350. 60.
0.00E-10 4325. 60.
0.00E-10 4300. 60.
0.00E-10 4275. 60.
0.00E-10 4250. 60.
0.00E-10 4220. 60.
0.00E-10 4290. 60.
0.00E-10 4160. 60.
0.00E-10 4130. 60.
0.00E-10 4100. 60.
0.00E-10 4070. 60.
0.00E-10 4040. 60.
0.00E-10 4010. 60.
0.00E-10 3980. 60.
0.00E-10 3950. 60.
0.00E-10 3920. 60.
0.00E-10 3890. 60.
0.00E-10 3860. 60.
0.00E-10 3800. 120.
0.00E-10 3730. 120.
0.00E-10 3660. 120.
0.00E-10 3600. 120.
0.00E-10 3535. 120.
0.03E-10 3475. 120.
0.10E-10 3405. 120.
0.12E-10 3345. 120.
'0.10E~-10 3285. 120.
0.02E-10 3220. 120.




0.00E-10
0.00E-10
0.00E-10
0.02E-10
0.09E-10
0.12E-10
0.19E-10
0.29E-10
0.39E-10
0.53E-10
0.77E-10
1.08E-10
1.32E-10
1.70E-10
2.13E-10
2.60E-10
3.18E-10
4.10E-10
6.15E-10
7.50E~10
9.15E-10
10.7E-10
13.0E-10

3165.
3100.
3030.
2970.
2900.
2835.
2770.
2705.
2630.
2565.
2500.
2430.
2370.
2300.
2225.
2150.
2075.
2000.
1850.
1775.
1700.
1620.
1540.

120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
240.
120.
120.
120.
120.




SECOND REFREEZE OF RTF4 RUN # F210 4/27/83
SAMPLE THICKNESS=0.37inches PURE ICE VCH.=1500
FROZEN UNDER A 11 PSI VACUUM
83 20. 0.019
0.65E-10 5170. 0.0
0.73E-10 5150. 60.
' 1.00E-10 5125. 60.
1.70E-10 5100. 60.
2.30E-10 5075. 60.
3.45E-10 5050. 60.
4.40E-10 5025. 60.
5.40E-10 5000. 60.
6.53E-10 4975. 60.
7.32E-10 4950. 60.
7.90E-10 4925. 60.
7.90E-10 4900. 60.
7.00E-10 4875. 60.
5.70E-10 4850. 60.
4.95E-10 4825. 60.
3.75E-10 4800. 60.
2.60E-10 4775. 60.
1.90E-10 4750. 60.
1.26E-10 4725. 60.
0.77E-10 4700. 60.
0.47E-10 4675. 60.
0.28E-10 4650. 60.
0.15E-10 4625. 60.
0.00E-10 4600. 60.
0.00E-10 4575. 60.
0.00E-10 4550. 60.
0.00E-10 4525. 60.
0.00E-10 4500. 60.
0.00E-10 4475. 60.
0.00E-10 4450. 60.
0.00E-10 4425. 60.
0.00E-10 4400. 60.
0.00E-10 4375. 60.
0.00E-10 4350. 60.
0.00E-10 4325. 60.
0.00E-10 4300. 60.
0.00E-10 4275. 60.
0.00E-10 4250. 60.
0.00E-10 4225. 60.
0.00E-10 4200. 60.
0.00E-10 4135. 120.
0.00E-10 4070. 120.
0.00E-10 4005. 120.
0.00E-10 3940. 120.
0.00E-10 3880. 120.
0.00E-10 3820. 120.
0.00E-10 3760. 120.
0.00E-10 3700. 120.
0.00E-10 3640. 120.
0.00E-10 3580. 120.
0.00E-10 3520. 120.
0.00E-10 3460. 120.
0.00E-10 3400. 120.
o 0.00E-10 3340. 120.
““°  0.00E-10 3280. 120.
0.00E-10 3210. 120.
0.00E-10 3140. 120.
0.00E-10 3070. 120.
0.00E-10 3000. 120.
0.00E-10 2930. 120.




0.10E-10
0.18E-10
0.30E-10

0.48E-10

0.68E-10
0.89E-10
1.23E-10
1.60E-10
2.00E-10
2.48E-10
3.00E-10
3.40E-10
3.70E-10
3.80E~10
3.90E-10
4,10E-10
4.50E~-10
4.90E-10
5.50E-10
5.90E-10
6.20E-10
6.40E-10
7.20E-10

2860.
2790.
2720.
2650.
2580.
2510.
2440.
2370.
2300.
2230.
2160.
2090.
2020.
1950.
1880.
1810.
1740.
1705.
1670.
1640.
1600.
1560.
1520.

120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
60.

60.

60.

60.

60.

60.




THIRD REFREEZE OF RTF4 RUN # F211 5/1/83
SAMPLE THICKNESS=0.37inches DOPED ICE VCH.=1500
FROZEN UNDER CARBON DIOXIDE ATMOSPHERE
83 20. 0.019
0.58E-10 5200. 0.0
0.79E-10 5175. 60.
1.24E-10 5150. 60.
1.80E-10 5125. 60.
2.70E-10 5100. 60.
3.40E-10 5075. 60.
4,10E-10 5050. 60.
4.80E-10 5025. 60.
5.38E-10 5000. 60.
- 5.80E-10 4975. 60.
5.95E-10 4950. 60.
5.88E-10 4925. 60.
5.30E-10 4900. 60.
4.65E-10 4875. 60.
4.00E-10 4850. 60.
3.45E-10 4825. 60.
2.80E-10 4800. 60.
2.00E-10 4775. 60.
1.47E-10 4750. 60.
1.18E-10 4725. 60.
0.90E~-10 4700. 60.
0.57E-10 4675. 60.
0.34E-10 4650. 60.
0.18E-10 4625. 60.
0.00E-10 4600. 60.
0.00E-10 4575. 60.
0.00E-10 4550. 60.
0.00E-10 4525. 60.
0.00E-10 4500. 60.
0.00E-10 4475. 60.
0.00E-10 4450. 60.
0.00E-10 4425. 60.
0.00E-10 4400. 60.
0.00E-10 4375. 60.
0.00E-10 4350. 60.
0.00E-10 4325. 60.
0.00E-10 4300. 60.
0.00E-10 4275. 60.
0.00E-10 4250. 60.
0.00E-10 4225. 60.
0.00E-10 4165. 120.
0.00E-10 4105. 120.
0.00E-10 4045. 120.
0.00E-10 3985. 120.
0.00E-10 3920. 120.
0.00E-10 3860. 120,
0.05E-10 3800. 120.
0.09E-10 3740. 120.
"0.13E-10 3680. 120.
0.24E-10 3620. 120.
0.38E-10 3560. 120.
0.50E-10 3595. 120.
0.62E-10 3430. 120.
0.70E-10 3365. 120.
0.72E-10 3300. 120.
0.79E-10 3235. 120.
0.87E-10 3160. 120.
1.00E-10 3095. 120.
1.25E-10 3030. 120.
1.70E-10 2965. 120.




2.30E-10
3.10E-10
3.80E-10
4.60E-10
5.72E-10
6.80E-10
8.30E-10
9.50E-10
9.76E~10
9.33E-10
9.90E-10
9.95E-10
10.0E-10
12.0E-10
15.0E-10
17.8E-10
18.2E-10
17.8E-10
17.0E-10
16 .2E-10
15.0E-10
13.8E-10
12.2E-10

2900.
2835.
2770.
2705.
2640.
2575.
2505.
2440.
2370.
2300.
2230.
2160.
2080.
2000.
1920.
1840.
1760.
1720.
1680.
1640.
1600.
1560.
1520.

120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
60.

60.

60.

60.

60.

60.




SAMPLE # RTF5 RUN # F212 5/23/83
SAMPLE THICKNESS=.37inches (34) PURE ICE VCH.=1500
FROZEN UNDER AN 11 PSI VACUUM
83 20. 0.019
0.90E-10 5175. 0.0
1.10E-10 5150. 60.
1.60E-10 5125. 60.
2.20E-10 5100. 60.
3.00E-10 5075. 60.
3.70E-10 5050. 60.
4.10E-10 5025. 60.
4.60E-10 5000. 60.
4.97E-10 4975. 60.
5.18E-10 4950. 60.
5.17E-10 4925. 60.
4.93E-10 4900. 60.
4.58E-10 4875. 60.
3.90E-10 4850. 60.
3.20E-10 4825. 60.
2.70E-10 4800. 60.
2.28E-10 4775. 60.
2.05E-10 4750. 60.
1.92E-10 4725. 60.
1.91E-10 4700. 60.
1.93E-10 4675. 60.
1.99E-10 4650. 60.
2.08E-10 4625. 60.
2.21E-10 4600. 60.
2.40E-10 4575. 60.
2.65E-10 4550. 60.
2.88E-10 4525. 60.
| 2.99E~-10 4500. 60.
¢ . 2.91E-10 4475. 60.
© 2.70E-10 4450. 60.
2.37E-10 4425. 60.
1.90E-10 4400. 60.
1.40E-10 4375. 60.
1.10E-10 4350. 60.
0.90E-10 4325. 60.
0.77E-10 4300. 60.
0.70E-10 4270. 60.
0.64E-10 4240. 60.
0.61E-10 4210. 60.
0.60E-10 4180. 60.
0.58E-10 4150. 60.
0.56E-10 4120. 60.
0.52E-10 4090. 60.
0.51E-10 4060. 60.
0.50E-10 4030. 60.
0.51E-10 4000. 60.
0.57E-10 3940. 120.
0.60E-10 3880. 120.
0.61E-10 3820. 120.
0.67E-10 3760. 120.
0.70E-10 3700. 120.
0.73E-10 3640. 120.
0.87E-10 3580. 120.
1.00E-10 3520. 120.
1.15E-10 3460. 120.
1.24E-10 3400. 120.
1.30E-10 3330. 120.
| 1.31E-10 3260. 120.
| 1.338-10 3190. 120.
| 1.40E-10 3130. 120.
i




1.60E-10
1.80E-10
2.06E-10
2.30E-10
2.62E-10
.2.79E-10
2.77E-10
2.60E-10
2.48E-10
2.41E-10
2.60E-10
2.89E-10
3.28E-10
3.57E-10
3.90E-10
4.55E-10
5.05E-10
5.78E-10
6.02E-10
6.50E-10
7.20E-10
8.40E-10
8.13E-10

3070.
3000.
2930.
2860.
2790.
2720.
2650.
2580.
2510.
2440.
2370.
2300.
2230.
2160.
2090.
2020.
1950.
1880.
1810.
1740.
1660.
1580.
1500.

120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.




SECOND REFREEZE OF RTF5 RUN # F213 5/26/83
SAMPLE THICKNESS=0.37inches PURE ICE VCH.=1500
FROZEN UNDER AN 11 PSI VACUUM
83 20. 0.019
0.60E-10 5200. 0.0
0.81E-10 5180. 60.
1.10E-10 5160. 60.
1.35E-10 5140. 60.
1.75E-10 5120. 60.
2.40E-10 5100. 60.
3.20E-10 5075. 60.
4.20E-10 5050. 60.
5.07E-10 5025. 60.
5.60E-10 5000. 60.
6.60E-10 4975. 60.
7.60E-10 4950. 60.
8.00E-10 4925. 60.
7.90E-10 4900. 60.
7.13E-10 4875. 60.
5.70E-10 4850. 60.
4.30E-10 4825. 60.
3.30E-10 4800. 60.
2.40E-10 4775. 60.
1.68E-10 4750. 60.
1.43E-10 4725. 60.
1.30E-10 4700. 60.
1.18E-10 4675. 60.
1.11E-10 4650. 60.
1.10E-10 4625. 60.
1.17E-10 4600. 60.
1.18E-10 4575. 60.
1.11E-10 4550. 60.
1.03E-10 4525. 60.
0.91E-10 4500. 60.
0.80E-10 4475. 60.
0.60E-10 4450. 60.
0.50E-10 4425. 60.
0.40E-10 4400. 60.
0.30E-10 4375. 60.
0.20E-10 4350. 60.
0.10E-10 4325. 60.
0.05E-10 4300. 60.
0.00E-10 4275. 60.
0.00E-10 4250. 60.
0.00E-10 4225. 60.
0.00E-10 4200. 60.
0.00E-10 4175. 60.
0.00E-10 4150. 60.
0.00E-10 4125. 60.
0.00E-10 4060. 120.
0.00E-10 4000. 120.
0.01E-10 3940. 120.
0.10E-10 3870. 120.
0.20E-10 3800. 120.
0.30E-10 3730. 120.
0.43E-10 3660. 120.
0.55E-10 3590. 120.
0.69E-10 3530. 120.
0.78E-10 3470. 120.
0.85E-10 3410. 120.
0.87E-10 3350. 120.
0.88E-10 3290. 120.
0.88E-10 3220. 120.
0.89E-10 3150. 120.




0.97E-10
1.03E-10
1.20E-10
1.35E-10
1.60E-10
1.90E-10
2.25E-10
2.60E-10
2.85E-10
3.10E-10
3.28E-10
3.30E-10
3.35E-10
3.55E-10
3.60E-10
3.74E-10
4.08E-10
4.50E-10
4.95E-10
5.30E-10
5.40E-10
4.80E-10
3.40E-10

3080.
3020.
2950.
2880.
2810.
2740.
2670.
2600.
2530.
2460.
2390.
2320.
2250.
2180.
2120.
2060.
2000.
1930.
1860.
1790.
1720.
1650.
1580.

120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.




THIRD REFREEZE OF RTF5 RUN # F214 6/16/83
SAMPLE THICKNESS=0.37inches PURE ICE VCH.=1500
SAMPLE FROZEN UNDER AN 11 PSI VACUUM
83 20. 0.019
0.75E-10 5200. 0.0
1.00E-10 5180. 60.
1.27E-10 5160. 60.
1.59E-10 5140. 60.
2.23E-10 5120. 60.
3.10E-10 5100. 60.
4.30E-10 5075. 60.
5.30E-10 5050. 60.
6.35E-10 5025. 60.
7.40E-10 5000. 60.
7.98E-10 4975. 60.
8.20E-10 4950. 60.
8.07E-10 4925. 60.
7.60E-10 4900. 60.
6.00E-10 4875. 60.
4,30E-10 4850. 60.
3.00E-10 4825. 60.
2.20E-10 4800. 60.
1.40E-10 4775. 60.
0.85E-10 4750. 60.
0.70E-10 4725. 60.
0.69E-10 4700. 60.
0.69E-10 4675. 60.
0.69E-10 4650. 60.
0.69E-10 4625. 60.
0.70E-10 4600. 60.
0.70E-10 4575. 60.
0.71E-10 4550. 60.
0.70E-10 4525. 60.
0.69E-10 4500. 60.
0.65E-10 4475. 60.
0.59E-10 4450. 60.
0.52E-10 4425. 60.
0.48E-10 4400. 60.
0.40E-10 4375. 60.
0.33E-10 4350. 60.
0.26E-10 4325. 60.
0.20E-10 4300. 60.
0.15E-10 4275. 60.
0.12E-10 4250. 60.
0.09E-10 4225. 60.
0.05E-10 4200. 60.
0.03E-10 4175. 60.
0.00E-10 4120. 120.
0.00E-10 4070. 120.
0.01E-10 4010. 120.
0.05E-10 3950. 120.
0.10E-10 3880. 120.
0.16E-10 3810. 120.
0.21E-10 3750. 120.
0.29E-10 3690. 120.
0.35E-10 3630. 120.
0.45E-10 3570. 120.
0.52E-10 3500. 120.
0.60E-10 3430. 120.
0.69E-10 3360. 120.
0.72E-10 3290. 120.
0.80E-10 3230. 120.
0.87E-10 3160. 120.
0.90E-10 3090. 120.




0.95E-10
1.00E-10
1.18E-10
1.38E-10
1.65E-10
2.00E-10
2.38E-10
2.79E-10
3.28E-10
3.68E-10
3.89E-10
3.50E-10
3.52E-10
4.00E-10
4,22E-10
4.70E-10
5.17E-10
5.63E-10
5.87E-10
5.92E-10
5.85E-10
5.03E-10
4.60E-10

3030.
2960.
2890.
2820.
2750.
2680.
2610.
2550.
2490.
2420.
2350.
2290.
2230.
2170.
2110.
2040.
1970.
1900.
1830.
1750.
1670.
1590.
1510.

120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.




TuUURLHA RO RLGA5 UL RLEDO [UNN 1 L 410 A AR TV AR A
SAMPLE THICKNESS=0.37inches DOPED ICE VCH.=1500
FROZEN UNDER A CARBON DIOXIDE ATMOSPHERE
83 20. 0.019
0.40E-10 5150. 0.0
0.58E-10 5125. 60.
0.90E-10 5100. 60.
1.40E-10 5075. 60.
2.00E-10 5050. 60.
2.65E-10 5025. 60.
3.20E-10 5000. 60.
4.10E-10 4975. 60.
5.00E-10 4950. 60.
5.85E-10 4925. 60.
6.35E-10 4900. 60.
6.60E-10 4875. 60.
6.38E-10 4850. 60.
5.70E-10 4825. 60.
4.95E-10 4800. 60.
4.00E-10 4775. 60.
3.00E-10 4750. 60.
2.50E-10 4725. 60.
2.00E-10 4700. 60.
1.72E-10 4675. 60.
1.45E-10 4650. 60.
1.23E-10 4625. 60.
1.18E-10 4600. 60.
1.12E-10 4575. 60.
1.10E-10 4550. 60.
1.09E-10 4525. 60.
1.07E-10 4500. 60.
1.00E-10 4475. 60.
0.93E-10 4450. 60.
0.87E-10 4425. 60.
0.80E-10 4400. 60.
0.73E-10 4375. 60.
0.65E-10 4350. 60.
0.59E-10 4325. 60.
0.52E-10 4300. 60.
0.50E-10 4275. 60.
0.48E-10 4250. 60.
0.42E-10 4225. 60.
0.40E-10 4200. 60.
0.39E-10 4175. 60.
0.39E-10 4150. 60.
0.38E-10 4125. 60.
0.37E-10 4100. 60.
0.36E-10 4075. 60.
0.35E-10 4050. 60.
0.34E-10 3990. 120.
0.39E-10 3920. 120.
0.52E-10 3860. 120.
0.68E-10 3800. 120.
1.00E-10 3740. 120.
1.53E-10 3680. 120.
2.20E-10 3620. 120.
3.20E-10 3560. 120.
4.50E-10 3490. 120.
5.64E-10 3420. 120.
6.39E-10 3350. 120.
6.90E-10 3280. 120.
7.08E-10 3210. 120.
6.80E-10 3140. 120.
6.20E-10 3070. 120.




3.50E-10
5.08E-10
4.97E-10
5.20E-10
5.55E-10
6.08E-10
6.68E-10
7.02E-10
7.18E-10
6.98E-10
5.60E-10
4,20E-10
3.15E-10
2.67E-10
2.41E-10
2.39E-10
2.39E-10
2.39E-10
2.45E-10
2.68E-10
2.80E-10
2.90E-10
3.22E-10

3000.
2930.
2860.
2790.
2720.
2650.
2580.
2520.
2460.
2390.
2320.
2250.
2180.
2110.
2060.
1990.
1920.
1850.
1780.
1710.
1630.
1550.
1470.

120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.



SAMPLE # RTF6 RUN % F216 0/22/85
SAMPLE THICKNESS=0.37inches PURE ICE VCH.=1500
FROZEN UNDER AN 11 PSI VACUUM
83 20. 0.019
0.27E-10 5100. 0.0
0.37E-10 5080. 60.
0.58E-10 5060. 60.
0.80E-10 5040. 60.
1.17E-10 5020. 60.
1.68E-10 5000. 60.
2.35E-10 4975. 60.
3.35E-10 4950. 60.
4.40E-10 4925. 60.
5.90E-10 4900. 60.
7.40E-10 4875. 60.
8.90E-10 4850. 60.
9.80E-10 4825. 60.
9.10E-10 4800. 60.
8.00E-10 4775. 60.
6.10E-10 4750. 60.
4,70E-10 4725. 60.
3.50E-10 4700. 60.
3.02E-10 4675. 60.
2.75E-10 4650. 60.
2.47E-10 4625. 60.
2.21E-10 4600. 60.
1.98E-10 4575. 60.
1.70E-10 4550. 60.
1.40E-10 4525. 60.
1.17E-10 4500. 60.
1.00E-10 4475. 60.
0.83E-10 4450. 60.
0.73E-10 4425. 60.
0.62E-10 4400. 60.
0.52E-10 4370. 60.
0.48E-10 4340. 60.
0.40E-10 4310. 60.
0.39E-10 4280. 60.
0.35E-10 4250. 60.
0.31E-10 4220. 60.
0.30E-10 4190. 60.
0.26E-10 4160. 60.
0.25E-10 4130. 60.
0.25E-10 4100. 60.
0.25E-10 4070. 60.
0.28E-10 4010. 120.
0.39E-10 3950. 120.
0.51E-10 3890. 120.
0.67E-10 3830. 120.
0.78E-10 3770. 120.
0.88E-10 3710. 120.
1.00E-10 3650. 120.
1.20E-10 3590. 120.
1.52E-10 3530. 120.
1.90E-10 3470. 120.
2.05E-10 3410. 120.
2.10E-10 3350. 120.
2.02E-10 3290. 120.
1.97E-10 3220. 120.
1.92E-10 3150. 120.
1.91E-10 3080. 120.
1.92E-10 3010. 126.
2,00E-10 2940. 120.
2.11E-10 2870. 120.




2.21E-10
2.33E-10
2.52E-10
2.73E-10
3.05E-10
3.53E-10
4.19E-10
4.88E-10
5.38E-10
5.67E-10
5.85E-10
5.98E-10
6.14E-10
6.30E-10
6.42E-10
6.55E-10
6.70E-10
6.75E~-10
6.78E-10
6.73E-10
6.70E-10
6.65E-10
6.55E-10

2800.
2730.
2660.
2590.
2520.
2450.
2380.
2310.
2240.
2170.
2090.
2010.
1930.
1850.
1770.
1730.
1690.
1650.
1610.
1570.
1530.
1490.
1450.

120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
60.
60.
60.
60.
60.
60.
60.
60.




FIRST REFREEZE OF RTF6 RUN # F217 6/26/83
SAMPLE THICKNESS=0.37inches PURE ICE ; VCH. =1500
FROZEN UNDER AN 11 PSI VACUUM
83 20. 0.019
0.37E-10 5150. 0.0
0.68E-10 5125. 60.
1.30E-10 5100. 60.
2.05E-10 5075. 60.
3.30E-10 5050. 60.
4.65E-10 5025. 60.
6.10E-10 5000. 60.
7.50E-10 4975. 60.
9.10E-10 4950. 60.
10.9E-10 4925. 60.
11.9E-10 4%00. 60.
10.9E-10 4875. 60.
8.80E-10 4850. 60.
7.40E-10 4825. 60.
4,70E-10 4800. 60.
2.60E-10 4775. 60.
1.47E-10 4750. 60.
1.08E-10 4720. 60.
1.00E-10 4690. 60.
0.99E-10 4660. 60.
1.00E-10 4630. 60.
1.00E-10 4600. 60.
0.99E-10 4570. 60.
0.96E-10 4540. 60.
0.88E-10 4510. 60.
0.80E-10 4480. 60.
0.69E-10 4450. 60.
0.59E-10 4425. 60.
0.50E-10 4400. 60.
0.41E-10 4375. 60.
0.32E-10 4350. 60.
0.29E-10 4325. 60.
0.23E-10 4300. 60.
0.20E-10 4275. 60.
0.18E-10 4250. 60.
0.15E-10 4225. 60.
0.11E-10 4200. 60.
0.10E-10 4170. 60.
0.10E-10 4140. 60.
0.10E-10 4110. 60.
0.10E-10 4080. 60.
0.10E-10 4050. 60.
0.10E-10 4020. 60.
0.10E-10 3990. 60.
0.11E-10 3960. 60.
0.13E-10 3900. 120.
0.20E-10 3840. 120.
0.22E-10 3780. 120.
0.25E-10 3720. 120.
0.30E-10 3660. 120.
0.42E-10 3600. 120.
0.62E-10 3540. 120.
0.84E-10 3480. 120.
1.08E-10 3410. 120.
1.39E-10 3340. 120.
1.45E-10 3270. 120.
1.59E-10 3200. 120.
1.69E-10 3130. 120.
1.89E-10 3060. 120.
2.10E-10 3000. 120.




2.38E-10 2940. 120.
2.70E-10 2870. 120.
3.08E-10 2800. 120.
3.36E-10 2740. 120.
3.69E-10 2680. 120.
4,19E-10 2610. 120.
e 4,95E-10 2540. 120.
*ﬁ 6.00E-10 2470. 120.
7.20E-10 2400. 120.
8.60E-10 2340. 120.
9.60E-10 2270. 120.
10.6E-10 2200. 120.
11.0E-10 2130. 120.
10.7E-10 2060. 120.
9.70E-10 1990. 120.
7.60E-10 1920. 120.
6.40E-10 1840. 120.
5.10E-10 1760. 120.
4.50E-10 1680. 120.
4,35E-10 1600. 120.
4.25E-10 1560. 60.
3.90E-10 1520. 60.
3.50E-10 1480. 60.




THIRD REFREEZE OF RTF6 RUN # F218 6/30/83
SAMPLE THICKNESS=0.37 inches (83) PURE ICE VCH.=1500
SAMPLE FROZEN UNDER AN 11 PSI VACUUM
26 20. 0.019
0.38E-10 5200. 0.0
0.54E-10 5180. 60.
0.75E-10 5160. 60.
1.20E-10 5140. 60.
1.70E-10 5120. 60.
2.65E-10 5100. 60.
3.60E-10 5075. 60.
4.70E-10 5050. 60.
5.80E-10 5025. 60.
7.70E-10 5000. 60.
10.0E-10 4975. 60.
11.3E-10 4950. 60.
11.9E-10 4925, 60.
11.4E-10 4900. 60.
10.0E-10 4875. 60.
7.60E-10 4850. 60.
4.60E-10 4825. 60.
2.70E-10 4800. 60.
1.50E-10 4775. 60.
0.90E-10 4750. 60.
0.72E-10 4725. 60.
0.63E-10 4700. 60.
0.58E-10 4675. 60.
0.52E-10 4650. 60.
0.50E-10 4625. 60.
0.50E-10 4600. 60.
0.50E-10 4575. 60.
0.50E-10 4550. 60.
0.50E-10 4525. 60.
0.50E-10 4500. 60.
0.49E-10 4475. 60.
0.48E-10 4450. 60.
0.48E-10 4425. 60.
0.47E-10 4400. 60.
0.43E-10 4375. 60.
0.41E-10 4350. 60.
0.40E-10 4325. 60.
0.39E-10 4300. 60.
0.39E-10 4275. 60.
0.40E-10 4250. 60.
0.40E-10 4225. 60.
0.40E-10 4175. 120.
0.40E-10 4110. 120.
0.40E-10 4050. 120.
0.40E-10 3990. 120.
0.40E-10 3930. 120.
0.40E-10 3870. 120.
0.44E-10 3810. 120.
0.50E-10 3745. 120.
0.60E-10 3680. 120.
0.72E-10 3615. 120.
0.80E-10 3550. 120.
0.81E-10 3485. 120.
0.80E-10 3420. 120.
0.79E-10 3355. 120.
0.78E-10 3290. 120.
0.79E-10 3225. 120.
0.82E-10 3160. 120.
0.89E-10 3095. 120.
0.99E-10 3030. 120.




1.10E-10
1.30E-10
1.40E-10
1.62E-10
1.89E-10
2.20E-10
2.58E-10
2.88E-10
3.18E-10
3.39E-10
3.51E-10
3.57E-10
3.58E-10
3.52E-10
3.50E-10
3.46E-10
3.44E-10
3.49E-10
3.55E-10
3.80E-10
5.00E-10
5.68E-10
5.62E-10

2965.
2900.
2835.
2770.
2705.
2640.
2575.
2510.
2440.
2370.
2300.
2230.
2160.
2090.
2020.
1940.
1860.
1780.
1700.
1620.
1540.
1460.
1420.

120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
60.



FOURTH REFREEZE OF RTF6 RUN # F219 7/3/83
SAMPLE THICKNESS=0.37inches (83) DOPED ICE VCH.=1500
SAMPLE FROZEN UNDER CARBON DIOXIDE
25 20. 0.019
0.70E-10 5100. 0.0
1.00E-10 5080. 60.
1.55E-10 5060. 60.
2.08E~-10 5040. 60.
3.00E-10 5020. 60.
4.20E-10 5000. 60.
5.50E-10 4975. 60.
7.10E-10 4950. 60.
8.60E-10 4925. 60.
8.98E-10 4900. 60.
8.68E-10 4875. 60.
7.50E-10 4850. 60.
5.60E-10 4825. 60.
3.50E-10 4800. 60.
2,10E-10 4775. 60.
1.50E-10 4750. 60.
1.00E-10 4725. 60.
0.82E-10 4700. 60.
0.65E-10 4675. 60.
0.51E-10 4650. 60.
0.42E-10 4625. 60.
0.37E-10 4600. 60.
0.30E-10 4575. 60.
0.27E-10 4550. 60.
0.21E-10 4525. 60.
0.18E-10 4500. 60.
0.11E-10 4475. 60.
0.10E-10 4450. 60.
0.08E-10 4420. 60.
0.03E-10 4390. 60.
0.01E-10 4360. 60.
0.00E-10 4330. 60.
0.00E-10 4300. 60.
-0.00E-10 4270. 60.
0.00E-10 4240. 60.
0.00E-10 4210. 60.
0.00E-10 4180. 60.
0.00E-10 4150. 60.
0.00E-10 4120. 60.
0.00E-10 4090. 60.
0.00E-10 4030. 120.
0.00E-10 3970. 120.
0.00E-10 3910. 120.
0.00E-10 3850. 120.
0.01E-10 3790. 120.
0.06E-10 3730. 120.
0.10E-10 3670. 120.
0.20E-10 3610. 120.
0.31E-10 3550. 120.
0.45E-10 3490. 120.
0.68E-10 3430. 120.
1.00E-10 3370. 120.
1.45E-10 3310. 120.
2.00E-10 3240. 120.
2.58E-10 3170. 120.
3.07E-10 3100. 120.
3.38E-10 3030. 120.
3.68E-10 2960. 120.
3.88E-10 2890. 120.
3.89E-10 2820. 120.




3.77E-10
3.52E-10
3.40E-10
3.70E-10
4.30E-10
5.05E~-10
6.05E-10
7.05E-10
8.25E-10
8.40E-10
8.00E-10
7.20E-10
6.10E-10
5.15E-10
4.48E-10
4.23E-10
4.08E-10
3.93E-10
3.78E-10
3.68E-10
3.50E-10
3.37E-10
3.22E-10

2750.
2680.
2610.
2540.
2470.
2400.
2330.
2260.
2190.
2120.
2050.
1980.
1910.
1840.
1760.
1720.
1680.
1640.
1600.
1560.
1520.
1480.
1440.

120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
120.
60.
60.
60.
60.
60.
60.
60.
60.



APPENDIX IX-TEMPERATURE GRADIENT TESTS
THIS APPENDIX CONTAINS THE RESULTS OF TEMPERATURE GRADIENT
TESTS RUN ON THE FLAT-DISK SAMPLE HOLDER AND THE CONCENTRIC-
CYLINDER SAMPLE HOLDER. DIFFERENTIAL THERMOCOUPLE ARRANGEMENTS
WERE USED TO RECORD THE TEMPERATURE GRADIENTS. FOR THE
CONCENTRIC-CYLINDER SAMPLE HOLDER THE HORIZONTAL TEMPERATURE
GRADIENT WAS MEASURED WITH A DIGITAL VOLT-OHM METER AND WRITTEN

DOWN AT VARIOUS TEMPERATURES ON THE STRIP CHART.
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APPENDIX IX-TEMPERATURE GRADIENT TESTS
THIS APPENDIX CONTAINS THE RESULTS OF TEMPERATURE GRADIENT
TESTS RUN ON THE FLAT-DISK SAMPLE HOLDER AND THE CONCENTRIC-
CYLINDER SAMPLE HOLDER. DIFFERENTIAL THERMOCOUPLE ARRANGEMENTS
WERE USED TO RECORD THE TEMPERATURE GRADIENTS. FOR THE
CONCENTRIC-CYLINDER SAMPLE HOLDER THE HORIZONTAL TEMPERATURE
GRADIENT WAS MEASURED WITH A DIGITAL VOLT-OHM METER AND WRITTEN

DOWN AT VARIOUS TEMPERATURES ON THE STRIP CHART.
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