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e MASTEY

The measurements first Teported by Acton on the thermal conductivity of
samples taken from a borehole at the site of the proposed nuclear waste isola-
tion pilot plant (WIPP) near Carlsbad, NM, have been externded to include addi-
tional samples and higher remperature measurements. Samples for omr measure—
ments were taken from several depths of three wells, including the well AEC 8
from which Acton obtained his samples. These sarples ranged from relatively
pure rocksalt (NaCl) with small amounts of interstitial anhydrite to essen—
tially nonsalt samples composed of gypsum or clay. The measurements in this
latest series were conducted at Sandia using the longitudinal heat flow
apparatus described by Acton, at the Los Alamos Scientific Laboratory {LASL)
using a transient line source technique, a2nd.at Dynatech Corp., Cambridge, MA
using a linear heat flow comparative technique.

In general, the data from the three laburatories agreed reasonahly well
for similar ccarse grained translucent rock salt samples, with the LASL and
Sandia results typically being about 20% higher than those of Dynatech. The
measured rocksalt conductivities in the temperature range 300-700 X are
descrihed relatively accurately by an expressien of the ferm, ) = AO(JOO/T)Y,
where A, = conductivity at 300 K, y = 1.14, and T is the temperature in K.

The Sandia and LASL data arc best described by Ay = 6 W/m-K, while for tle
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Dynatech data, A, = 5 W/m=K yields the best fit. Slack has proposed that a

two parameter expression of the form given above for X is generally appli-

cable to a wide variety of nonmetallic solids, with the deviation of ¥ from

one resulting fron both thermal expansion effects and optic—acoustic phonon
interactions which are not included in the standard analysis of thermal con-
ductivity caused by phonon transport. The data in the range T > 500 K fre-
quently deviates by ~%15% from the nredicted behavior. This is not believed to
be the result of the onset of radiative thermal transport because the deviations
are negative as well as positive. Infrared transmission measurements on rock-
salt samples from the proposed WIPP site show no transmission in the 3-10 um
wavelength range for samples > 5 cm thick. Use of the estimated infrared
absorption coefficient in the Rosseland radiative conductivity relation also
leads to the conclusion that there is little radiative conduction for T < 800 X.

fall in

For nonsalt samples from the proposed WIPP site, values of Ao

the range 0.5-3 W/;-K and fregquently Y values are in the range vy < 1. All
samples were dense with little or no porosity evident. On the basis of these
experiments, we have concluded that the thermal conductivity of materials
found at the site can be predicted to ar accuracy ~*30% from knowledge of

the compesition and grain size of these materials.
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I. Introduction

The thermal conductivity measurements described in this paper were made
in support of the thermal modeling studies for the proposed Waste Isolation
Pilot Plant (WIPP) to be located near Carlsbad, NM., The purpose of the WIPP
is to demonstrate the technology for the disposal of transuranic waste re-
sulting from past and current U. S. defense programs. The WIPP may be con-
verted to a waste repository after successful demonstration of the technology
and a thorough assessment of repository safety for southeastern New Mexico.1
In addition, it has been proposed that the WIPP be used as a research facility
to examine the interaction between bedded salt and kigh-level or heat pro-
ducing waste forms of various types. ReZ. 1 contains an exteusive discussion
of tha gecvlogical characterization of the area at and i the vicinity of the
proposed WIPP site.

Bedded salt has long been considered an attractive choice as a storage
mediun for high—level or heat producing waste because of its uniformity and
its relatively high thermal conductivity (~3=6 W/m-K) which facilitates heat
removal from nigh-level power producing waste. The details of site selection
and a list of references to earlier work on waste disposal in bedded salt are
contained im Ref. 1. The use of salt beds for waste disposal was first dis-—
cussed in detail in a National Academy of Sciences report issued in 1957.2
Since that time an extensive literature on the subject ha: evolved.

The prospective high level waste experimental level is lacated about 800 n
below the surface in a formation which is nominally composed of rocksalt or
halite (NaCl). An extensive anhydrite (CaS0,) bed, about 120 m thick, is
located at about 860 m and a thin =5.5 m thick layer of anhydrite is at
730 mn. As will be scen in Sec. Tl in the discussion of thermal conductivity

measurefents, the actual geologic formations or beds are quite heterogencous
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in nature. Polyhalite (KoCasMg(S0,), « 2H50) 1s a major “impurity” present
in the salt beua formations, and the presence of this minmeral can lead to a
decreased themal conductivity.

High level waste from Defense reprocessing plants is currently in tem-—
porary storage principally in the form of salts, sludges or liquid at the
Savannah River Plant (SRP) near Aiken, SC; the Hanford Reservatlons (R)
near Richland, WA; and the Idaho Natfonal Engineering Laboratory (INEL) near
Idaho Falls, I:.3 The current reference waste canister design is a type
304~L stainless steel cylindrical canister with an outer diametcr of 60 ca,
a height of 2.4 m and a wall thickness of 0.53 em. This canister would be
£filled with about 0.6 m3 of waste. The power output of a waste canister
depends on the waste source and the waste decay time. For times t < 100 y,
the canister power autput P: is glven relatively accuralely by a relation

or the form,

Pc(t) = P:o exp{~t/1) N (1)

vhere P = 813w, 171W, and 6{ for SRP, IFNEL and HR waste respectively, and ¢ =
28.95 v. Since the waste will be allowed to decay iun temporary storage prior to
its emplacement in a repository, the power levels will be lower than P_.. Typi-
cally, heat transfer calculations for SHP canisters use P, = 300 w/canister.4
In the case of sp:nt reactor fuel, the power output from a spent fuel
assembly depends on the type of reactor, the initial enrichment, and the bein-
up.3 Reactor spent-fuel waste would probably be stored 1n the form of fuel
assenblies with onc or more assemblies per canistui. The highest decay heat
pover is praduced by pressurized water reactn: spent—fuel which produces
~ 5 x 107 w/canister at t = 1y, but then decays rapidly until t = 15 y,

at vhich time Pc = 460 W/canister. For t {n the range, 15y < t < 70 v, the



decay heat power follows an expression of the form given in Eq. (1) with P =
460 W/canister, 1 = 62.2 y, and t measured from the 15 y time. The numeri~
cally calculated decay heat power is given in Ref. 3. The actual volumetric
power production rate will depend on the size of the spent fuel canister.

Heat sources of the sort described above produce a temperature rise in
the salt formation in the vicinity of the burial site. This temperature rise
can in turn produce mechanical deformations in the repository structure, with
the possibility of cracks or fissures opening. It is therefore of interest to
be ahle to predict the thermal response of the burial mediun accurately, and
for this prediction the thermal conductivity must be specified to some desired
accuracy. It is the purpose of this paper to review a recent series of con—
ductivity measuremencs made at three different laboratories, utilizing dif-
ferent techniques and similar samples taken from drill holes at the WIPP site.
In Seces II the measurements will be discussed and in Sec. III the experimental
results will be compared with existing theory. The impact of these measure-
ments on heat transfer calculations will be discussed in Sec. IV and conclu-

sions of this study are presented in Sec. V.

II. Thermal Condnctivity Measurements

4. Metliods

The thermal conductivity of the salt specimens used in this study was
measured at three differcnt laboratories, cach of which used a different tech—
nique. At Sandia Laboratories, Albuquerque, NM, the linear heat flow technique
described by A‘\cton5 was used, while at the Los Alamos Scientific Laboratories
(LASL), Los Alamos, MM, a transient line source method was employed.6 Finally,
in a recent series of measurements performed at the Dynatech Corp., Cambridge,

MA, a linear heat flow thermal conparator techunlque was utilized.7
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In the Sandila technique developed by Acton, a system of the type shown
in Fig. 1(a) is used with a cylindrical sample of nominal dimensions 10 ecm
high and 10 ¢m in diameter. Heat is supplied from a bottom heater and flows
axially up the sample and radially out the sides into a powder {nsulation.
The system does not employ guard heaters. The centerline temperature profile
is determined from tuermocouples imbedded in radial holes drilled iu the
sample and the heat flux at the cold or top end is determined with a heat
flux transducer. Further details are given in Ref. 5. The thermal conduc-

tivity is determined from the vrelation,
A= ¢Z(L)/(dT/dz)L s (2)

where ¢Z(L) is the axial heat flux measured by the transducer at z = L and
the derivative dT/dz is calculated from a least squares polynomial fit to the
T(zi) data, where the z; are thermocouple axial locations. The advantage aof
this technique is that it uses a large sample which is relatively easy ro
machine and install in the heater apparatus. The principal disadvantage is
that it is most <ensitive to the conductivity at the cold end (z = L) and
fairly insensitive to the conductivity at the other end. Hence, it will not
provide an average conductivity of inhomogeneous samples but rather a con-
ductivity which is heavily weighted by the conductivity in the region of z = L.
Anothier disadvantage of the method is that it relies on the heat Flux trans—
ducer calibration data supplied by the manufacturer for determination of the
beat flux from the measured transducer output voltage aad tempcrature.

The transient line source or probe method used at LASL ts illustrated
schematically in Fig. 1{(b). A cylindrical sample 1s used with a heater probe
installed in an axial hoale drilled along the sarple centerline. A tempera-

ture sensov attached to the probe neasures the temperature near the probe
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surface. The sample is surrounded with insulating powder and heated to a
nearly uniform temperature with an external cylindrical heater. At the
time t = O the heater probe is energized with a de power supply, producing
2 constant radial heat Fflux characterized by a linear power density &(W/m}
along the probe. For times t satisfying t > aZ/éa, where a = probe radius
and a = thermal diffusivity of sample, the temperature Is given approxi-

mately by,8
s ! 2
T(a,6) = oy lantéae/a®) ~ ] s 3)

where y is Euler's constant. A plot of T(a,t) vs gnt thus har a slope
o/4nx From which A may be derived. Although this technique appears to
be absolute since the deternination of ¢ is from highly accurate measure-
ments of the probe voltage and current, in reality end effect losses make
the calculation of ¢ somewhat indeterminant. As a result of this, the
system is usually calibrated with a quartz specimen of known conductivitye.
The comparative techaique employed by Dynatezh is illustrated in Fig. 1l{c).
A cylindrical sample of height 1.27 cm and diareter 5.1 ecm with thermocouple
grooves machined on the top and bottom surfaces is sandwiched between two
reference disks of similar size and known conductivity with thermocouples
placed in grooves along the top and bottom surfaces of each reference disk.
The stack composcd of sample and raference disks is sandwiched between a main
and auxiliary heater and the total stack is loaded hydraulically to rcduce
thermal contact resistance between various stack elements. Three cylindrical
guard heaters are used to ninimlze radial heat transport from the stack. The
heat flux ¢, through the sample {s calculated as the average of the heat

flures through the top and bottom weferences,
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1 -
0, = 7 Dp1aTey /2y +aaTp/z] (4)

where Arl,Z = conductivity of the top (1) and bottom (2) references, ATrl,Z
is the temperature drop across the reference and z.; , is the reference thick-
bl

ness. The sample conductivity is then given by
Ag = 0, /(aT/2) s ()

where ATS and ZS are the temperature drop across the sample and szvple thick-—
ness respectively. The reference nmaterials used {in this investigation were
Pyrex 7740 for conductivities in the range ~0.5~1.8 W/m-K and Pyroceram 9606
for conductivities in the range ~2.5-6 W/m~K. The conductivities of the
reference materials were assuned to be those published by the National Bureau
of Standards for these materials.

The errors inherent in the comparative technique are difficult to assess
quantitatively. Measurement errors are believad to originate principally from
two different sonrces; conductivity nismatch between referznce avrd sample, and
the presence of thermal contact resistance at the sample-reference interfaces,9
In additfion, errors in thermocouple placemen: can affect the accuracy of the
measurement.

B. Sample Descriptioas

Samples for this series of measurements were taken from three drill holes;
labeled AEC#8, ERDA#9, and WIPP#19. FERDA#9 is located about 0.1 kn fronm the
center of the proposced WIPP site and in a square area approximately 0.6 kn on
a side desiyniatad as zone T-surfare facilitics area. WIPP#19 is located about
0.9 ko north of EKDA#9 in an area over the prospective underground repository,
and AEC#8 is lacated about 6 kn northeast aof the cente:s and ocutside the WIPP

site boundary. A surmuary of the sample descriptions is glven In Table I.
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Table X. Composition of WIPP Core Samples N

The following composite descriptions were given by S. J. Lambert - Div. 4511, Sandia )
Laboratories.

Sample No./ Depth
Well No. (m) Description !
1/AECH8 825 Coarse grain rocksalt with white interstitfal anhydrite :
(~7%) with fine to coarse graln halite. )
|
2/AECH3 627 Medium coarse gray rocksalt; fine to very coarse halite
with small pockets of gray clay (~2%) and traces of
polyhalite (~1/2%). |
3/ERDA#9 869 Cray very coarse crvstalline rocksalt; medium to very
coarse grain halite with wisps of anhydrite (~3%) and
interstitial medium gray clay.
4 /ERDA#9 589 Contains marker bed number 133. About 2 inches of poly-
halite and very fine to coarse grain orange halite.
Flesh colored polyhalite.
5/ERDA#9 590 Dense medium red fine grain polyhalite. Marker bed Yo. 133.
6/ERDA#9 503 Marker bed number 124. Dense gray laninated anhydrite.
7/ERDA#9 336 Medium to very coarse grain orange halite (~4Z) with
reddish brown clay in wispy stringers (~1%). Poly-
halite associated with clay.
8/ERDA#9 607 Coarse to very coarse "grain halite with anhydrite (~4%)
in irregular clots and stringers, interstitial up to 2 cm
long (~3%). Medium gray clay occurring as anhydrite does.
9/AEC#8MB133) 610 About 8 inches of dense red polyhalite containing beds of
coarse grain halite up to 2 cm thick and grading upward
to very coarse grain orange halite.
10/AEC#E 609 Light orange nedium to very coarse grain halite with
wispy band of polyhalite (~40%) near one end.
11/AECH#8 213 Dease gray anhydritc about half converted to 50% gypsun at
one cnd.
12 /AEC#8 370 Dark red madium grain halite (~60%) and red clay (~403).
13/AEC#8 629 Very coarse graln rocksalt with minimal clay. Traces
of anhydrite and very thin line of patchy polyhalite. ]
14/WIPP#19 188 Dark pink medium grain laminated gypsum.
15/wibpPit1? 82 Laminated cross bedded micaceous sllt stone with a veinlet

4

of gypsum parallel to bedding near the 268' level about 4 nn
thick.
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[ From an examlnation of Table I it can be seen that quite a variety of samples
i was examined.

C. Experimental Results

The results of che Dynatech and Sandia experiments atre shown in Fig. 2.

i
|
|

The top curves show results >f Sandia measurements on two samples from ERDA#Y.

The hysteresis effect seen in the ERDA#9 630 n measurement 1s believed to

be due to water driveoff during the heating process. The numbers on the
other curves in Fig. 2 correspond to the same numbers in the first column of
Table L. The majority of the samples measured had 300 X conductivities in
the trange ~4.5-5.5 W/m-K. For the samples with Aa(300 K) < 4.5 W/mK

i (numbers 5, 9, 11, 12, 14), Table I shows that each had a substantial amount

of nonsalt material, either polyhalite, clay, gvpsum. The lowest conductivity

measured (#14) was from a near surface sample taken from WIPP#19 at the 188 m
level. 1t was composed entirely of laminated gvpsun.

The LASL rtesults are shown in Fig. 3 for samples from the 62L m and 799 n
levels of ERDA#9, These measurements were made up to only 335 K, the upper
limit of the LASL conductivity apparatus. Two samples 6.4 cm in diameter and
3.7 en high were cut from each of the ~10 em diameter x 20 cm high drilled
blocks from each well. It can be seen that the conductivity of all of the
sanmp ies exhibited about the same temperature dependence but that the magnitude
of the conductivity of (he two camples from the 631 n ERDA#Y core block differed
by about 15%. This is quite typical of the variation which can be found in

samples from nearby regions and it occurs because of local inhomogenietles in

the geologic material. Also shown in Fig. 3 is a line characterized by the
relation, A = 5(300/T)1'1A, which reptesents a reasonably good Fit to the

Dynatech datn, as will be discussed below.
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For comparison purposes conductivity measurements on samples of pure
granulated salt cut from a salt block furnished by the Morton Salt Co. were
made at hoth Dynatech and Sandia. The results are shown in Fig. 4, where the
Dynatech results are shown (solid line) compared to the Sandia results (dashed
lines) for two different runs in which different heat flux transducers were
enployed. Also shown are the rocksalt conductivity results of Birch and
Clarklo which have L:een used extensively in the past for thermal modeling of

salt repositories, and a curve {dot-dash) represented by the relatiorn,
A=A 300/TY (8

where A = 5 W/mK and y = 1.14, Eq. (6) represents a reasonable fit to

most of the Dynatech data shown in Fig. 2 for samples composed primarily of
halite and anhydrite. The Birch and Clark data can also be characterized by Eq.
(6), but with Ao T 5.5 W/mK ard y = 1.20. The effect of vartation in heat

flux transducers or uncertainty in their calibration in the Sandia experiments
is indicated by the shift in the Sandia data-by ahout 25Z produced by the trans-
ducer exchange.

The uncertainty in the Dynatech measurements was estimated by making a
calibration run with Pyroceram 9606 as the sample and Pyrex 7740 as the reference
material. The naxinun observed deviation of the Pyroceram conductivity fron
the published NBS valve was ~6% at 309 K. A 67 uncertainty is indicated

by the error bar on the Dynatech data curve in Fig. 4.

IITI. Analysis of Results

The thermal conductivity of noanetallic crystals has recently heen dis—
c

cussed In detail by Slack-lL Slack proposes a conductivity expression of the

form given by Eq. (8), with the deviation of y from unity being ascrihed to
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thermal expansion effects and acoustic phonon-optic phonon Lnteractions which
arc not Included in the basic thcury.lz From analysis of experimental data,
Slack proposes A, = 5.9 W/n-K and y = 1.24.77 1 Hacl conductivity data
in the TPRC data scries is represented quite well by A, = 6 Wm-K and y =
1.16 for © » 300 K13 As stated in Sec. 11, the Dynatecn data for samples
composed of salt and/or anhydrite is described well by Eq. () with A, =
S W/n—K and y = 1,14, The Sandia and LASL data tend to agree somewhat better
with Ao = 6 U/m-K. Measurements of anhydrite conductivity as a fanctien of
temperature have not been praviously reported. A number of 293 K conductivity
measurenents on aphydrite samples ohtained from four different locations show
conductivi.y values in the range 4.9-5.6 IR
From Fig. 2 it ma; be seen that A(T) frequrntly deviates from the form
A{T) « T at high temperat wes. These deviations are hoth positive
aud negative, with no obvious dependeace on sample properties. If radiative
heat transport was~becon1ng significant at the higher temperatures, then it
would be expected that the deviations would be positive, with the result that
A would be larger than the value predicted by Eq. {b). 1In situations where
radiant transfer from the sa=ple houndaries can be ignored in caleulating the
heat ‘lux within a semitransparent solid, it can be showm that the radiant
energy transfer produces a heat flux pcoportional to the lacal temperature
15

gradienr. The effective conducrivity is given by the Rosseland expression,

o= 06730 0l N

where n = nean ladex of refraction, g = Stefan—Boltzuana constant and rp =
mean absorption coefficient as deftned in Ref. 15, Using Eq. (7}, an estiuate

may be made of the value ol kp which will produce an appreciable value of Ap
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at 600 K, where the maximum of the blackbody spectrum occurs at a wavelength of

about 5 ym. The estimate n ~1.5 yields the relation,

1.47 x 10°
147 x 10
R

g (600 K) = w/n-K (8)

For g to be nonnegligible, say ly 2 0.5 W/m-K, Eq. (8) yields vy £ 300 nl,

This limiting value of «p corresponds to a naterlal with an optical thickness,
dg = S/KR = 1.7 cme The frequency averaged extinction coefficient for WIPP
rocksalt has recently been measured at Sandia in the wavelength range 3.5-12.5
um and found to fall in the range ~500-1000 nl for 0.64 cm thick samples.
Although the extincti;n coefficlent includes both scattering and absorption,
it is likely that the absorption coefficlent is at least an appreciatle frac-
tion of the ertinction coefficient and thus the infrared transmission measure-
mente support the conclusion that radiative conduction is not a major effect
.t T =~ 600 K, but they do not absolutely rule out radiation conduction as a

minor effect.

IV. Heat Transfer Analvsis

The thermal conductivity plays a major role in determining the amplitude of
temperature excursions in a high—level waste experiment. Analysis involving
numerical solution of the heat conduction equation is used to make accurate
and detailed predictions of temperatures at varinus points in a repository as
a function of time.“’16 However, tuese solutions do not show the dependence of
the temperatures on the parameters such as the thermal conductivity and dif-
fusivity. In order to demonstrate this dependencc explicltly, we consider an

analytic solution to the heat conduction equation for a simplified nodel

repository geumetry.
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In Fig. 5(a) a simplified diagram of a portion of a high level waste
burial zone is shown. Rows of canisters are buried in a “drift” region and the
rows are sepa-ated by salt pillars ~25 m wide. If these disrcrete heat sources
are -~meared out in a horizontal plane, the geonetry shown in Fig. 5(b) results.

The temperature produced in a medium characterized by a thermal conductivity

As and thermal diffusivity g by a uniform infinite slah heat source pro-

ducing a heat flux F(t) and located in the plane z = 0 is given by,17

i/z ) 2 dto |
T{z,t) = ;:E'—zf F(t—tc»exp(-z //y:sto) tl/z (9)
(<] o

For an exponentially decaying heat source of the form F(t) = Foexp(—t/1),

Eq. (9) becores,

T(z,t) = SE__EQ_____ exn[t /T - "2/4ut ] —_—
2 "1/2 ! “170 (<] ti./z k (10)

At the waste-salt intevface, z = 0, the temperature is given by,

1/2 CO bl
2% (o ®) ST YL Y (E) (11)
To,0 = ny—JM e nt (2n + 1)\t
Asn n=0

T{0,t) from Eq. (11) is shown in Fig. 6 plotted as T(O,t)/[ZTO(qs1)l/2/15nl/2]

vs t/1. The maximun temperature occurs at t = 0,857 and is given by

2 12
2F mst)l/ (1z)

1/2

T = 0.54
max

S
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Eq. (12) exhibits a characteristic usl/Z/As dependence on the thermal pro-~
perties, Since q = AS/pCp, where p = mass density and Cp = specific
heat per unit mass, the temperature varies as kS—I/Z) and hence a variation

Ax_ in As produces a corresponding “aciation,

5

AT/ Thax = 0508 /2g) . (13)

To examine fualitatively, the mag-itude of ATmax’ we use the
result of Sisson4 that T o ~ 100 K for an assunad smeared out waste areal-
power density, 2F, = 18.% N/m2 (79 kW/acre). Eq. (6) predicts an average conduc—
tivity A = 4.3 W/m—K for an fnitial temperature of 300 K ard a 100 K rise in
temperatura. Using a typical sait density, p = 2100 kg/ma, and specific heat,
CP = 890 J/kg - K; the average thermal diffusivity is calculated to be o =

2.3 x 1070 mz/s. Using these values in Eq. (12) with 1 = 39 y yields the pre-

dictton, Tnax = 73 K, in reasonahle agreement with Sis: 's numerical result.
Fron Fig. 2, the maximun predicted cenductivity variatic in the high level waste
burial region is AAS ~ 2.5 W/oK. If tle conductivity was uniformly decreased

by this amount, Eq. (13) yields tic pradiction, AT, ~ 30 K. The result

shows that the largest possible variation in the maxinum salt temperature is

reasonably small, even for a ~60% decrease in the average salt conductivity for

a homogeneous salt media.

V. Cenclusions
The major conclusion of this study is that the conductivity of specimens
from the proposed WIPP site which are compased predominantly of halite rnd/or
anhydrite can be described by the expression givea in Eq. (6). Inclusion of
significant amounts of other minerals or materials such as polyhalite, clay,

or gypsum can result in significant conductivity decreases or viriations in the
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predicted temperature dependence. Our rosults en the magnitude and temperature
variation of ) are in relatively good agreement with the results cf previous
rocksalt conductivity measuremenis. At termperatures »550 K, deviations of
yg from the prediction of Eq. (0) frequently gccur. These deviations ate
bath positive and negative, and hence our data does not confirm the predicted
onsei of radiative conduction in this temperature range.

The observed variation in Ag for different samples enables a prediction
of the uncertainty in value of the maximur. salt temperature. For defense high
level waste) the maximun temperature rise above ambient is predicted to occur

about 33 y after burial and to have a magnitude in the range ~70-100 K. The

uncertainty in this rise producd by a variatiom in the conductivity is estisated

to be <30 K.
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Figure Captions
(a) Sandia linear heat flow conductivity system. The conductivity is
determined from a measurement of the h.at flux and centerline tempera-
ture gradient at the top of the sample.
(b) LASL transient line source conductivity system. A thin center
probe is insarted in a hole tarough the center of the cylindrical
sample, and the conductivity s determined from the temperature response
to a step change in heater power.
(c) Dynatech comparative thermal conductivity system. The heat flux
is determined from the temperature drops across standard disks which
are placed on either sidc of the sample. The average temperaturc
gradient in the sample = found from measurements of sample thlckress
and temperature drop.
Experimental conductivity vs temparature results from Dynatech (samples
1A~15) and Sandia (ERDA#9 forward (temp. Increasing) and reverse (temp.
decreasing) ~ 630 m and ERDA#9 - 799 m).
The sample numbers correspond to the aumbers in the first column of

Table T.
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Fig. 3. Expericental conductivity results obtafined by LASL for four diffecent
samples from two different depths of well ERCA#9. Also shown is
the relation, A = 5 (300/'1‘)1’14 which characterizes the Dynatech
data.

Fig. 4. Comparison of Dynatech and Sandia data for similar samples of 997 pure
granulated salt cut from a salt block furnished by the Morton Salt Co.
Also shown 1s the data of Birch and Clark (Ref. 10) and the function
given by Eq. (6) which fits the Dynatech data for W.PP rocksalt.

Fig. 5. (a) Burial schieme for waste in a high-level waste repository. Rows
of canisters are buried in drift regions separated by salt pillars.
The pillar spaciug is determined by the maximum areal power density
pernitted.
(b) Sneared out heat source in the x~y plane at z = 0 producing a
uni form heat flux Fo(t) into each half space.

Fig. 6. Temperatugg vs time at the plane z = 0 produced by a heat source decaying
exponentially with a half~life t1/2 = 0.6931. Time is measured in units

of 1 and temperature in units of ZFO(ust)llz/XSHI/Z.
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