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This annotated bibliography is the result of

a literature search undertaken by the Pranklin Institute‘s
Science Information Service as a part of the research contract
No, OCD-03-62-58 "Thermal Study of Underground Air Ducts.*

The research was sponsored by the Office of Civil Defense,
Washington, D. C., and carried out by the Franklin Institute's
Nuclear Systens Laboratory. The objective of the project was

"A detailed study of the effect of underground ventilating ducts
in winimizing variations in shelter atmosphere temperature due
to scasohal, diurnal and brief but extreme changes in above-

g-ound t ture. The perf of this stucy entails a

P

combination of theoretical, analytical-computational, model




and full-scale experimental investigations.”

Appropriate journals, technical reports, symposia,
and Doctoral Dissertations in the £ields of soil science and
thermophysical properties were checked for papers relating to
the thermal properties and moisture content of solls, and the

measurement thereof, as related to the above problem. With very

few exceptions the selection of papers was limited to applications

and conditfons in continental United States and Canada. Tha

annotations were derived from authors' abstracts, Meteorological

and Geoastrophysical Abstracts, Chemical Abstracts, Nuclear

Science Abstracts, and U. S, Government Research Reports. In

nany cases the annotations were prepared by the compilers of this

survey.
The references are chronologically arranged under

four major headings: Measurement Techniques, Thermal Properties,

Moisture, and Design of Underground Structures.

A detailed Subject Index and an Author Index are
provided for the convenience of the reader,

No clain is made as to the all-inclusiveness of
this bibliog.aphy, but the references are deemed to provide

adequate background information for investigating the use of

SR N R Ve TN
N Y N A




e
Ry

T
"s."\'\\‘)

U - ’_\ ‘.. A
AR LRGN

buried ducts to control the temperature of air supplied to
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fallout shelters.
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MEASUREMENT TECHNIQUES




momentary currents of 0.02 amp. Moisture detarmina-
tions are based on the heating eZfect of pasaage of
» constant current of 0,1-0.4 amp. through Ry until
equilibrium is reached between heat input and dissipa-
tion in the scil. 1In practice, readings are madz at
sowe selected time interval (60 sec. or less) after
the heating current is applied. A calibration curve
based on time interval and applied current must be
made for each soil. The readings are not influenced
by external temperature or the salt concentration

of the soil solution.

3. HEAT CORDUCTIVITY AS AN INDEX OF SOIL MOISTURE, Shaw,

B. and L. D, Baver, J. Am. Soc. Agrom., Vol. 31,
Pp. 886-891(1939)

A diagram and description are given of an adapta-
tion of the Wheatstone bridge for measuring the changes
in heat conductivity of a soil At varying moisture con-
tents. Heat conductivily gives a reliable index of
the moisture content of the soil. Changes in salt con-
centration of the soil solution do not waterially affect
the Leat conductivity of the soil.

4. A STUDY ¥ METHODS OF MEASURING SOLL PRESSURES AND
THEIR REIATION TO SOIL PROPERTIES. Osterberg, J. O.,
Doctoral Dissertation, Cornell University, (1940),

(Not seen)
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5. APPARATUS F(R DETERMINATION OF THE THERMAL CONDUCTIV.TX
OF SOILS. Romanovsky, V., Compt. Rend., Vol. 213,
Pp. 584-586, (1941)

An apparatus is described and fliustrated for
determining the thermal conductivity of soils.
Generalizations are made relative to effects of
so1l continuity and liquid wedium.

6. THE MOISTURE POTENTIAL OF SOILS BY THE CRYOSCOPIC METHOD.
Marghall, T. J., Doctoral Dissertation, Univ, of
California, (1941)

(Not seen)

7. TIMPROVEMENTS IN THE PLASTER OF PARIS ABSORPTION BLOCK
RESISTANCE METHOD FOR MEASURING SOLL MOISTURE UNDER
FIELD CONDITIONS. Bouyoucos, G. J. and A, H, Mick,
So1l Science, Vol. 63, Pp. 455-465, (1947)

The range of the technique of measuring soil
moisture by observing the resistance of p'aster of
Paris absorption blocks is shown graphic.ly to
correspond with the amount of moisture between the
permanent wilting point and the woisture equivalent.
In practice the amount of H0 remaining in the soil
at a block resistance of 75,000 ohms corresponds
to the amount at permanent wilt., The amount of H0
in a2 surface sample of Shelby silt loam at the perm-
anent wilting point, determined by the dilatometer
method, and the amount in the sample at a block
resistance of 75,000 ohms were, respectively, 12.3
and 12.5%. The moisture equivalents of a surface
sample of Janesville silt loaa, determined py the
suction method and Ly measuring the amount of Hy0 im
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the sample when the resistance begins to increase

(usually between 450 and 650 ohms) are, respectively, - ©
23.7 and 24.0%. The circuit diasgram and illustrations 2
of an improved bridge are given.

8. TESTS FOR THERMAL DIFFUSIVITY OF GRANULAR MATERIALS. -
Shannon, W. L. and W. A, Wells ASTM Proceediggo.
Vol. 47, Pp. 1044-105L4, (1947)

This paper presents the procedures, analyses, and
results of testk to determine, using a simplified
test procedure, the toerwal diffusiavity of several -
granular materials of types frecuently used for base- -
course construction of highways and airports. De-
terminations were made with the materials in the frozen .
and unfrozen condition at several different unit weights
and water contents, From the test data obtained, the K S
volumetric heat capacity and the thermal conductivity k v
for 2ach thermal diffusivity determination were com- .
puted. The method, where used to deterwmine the thermal o
conauetivity, is relatively sixple and inexpensive in .
cowparison with the more precise methods generally
used, yet results of tests on one material using the
simplified method and a precise method compare favor- ..
ably, "

9. A NBW ELECTRICAL RESISTANCF THERMOMETER FOR SOIL. Bouyoucos,
G. J., Soil Science, Vol. 63, No. 4, Pp, 291-298, (April
1947)

Dexcripticon of a new electrical thermometer, The
thermometer is simple, convenient and reliable for !
measuring soil temperature at various depths.

(Not seen)
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10, APPARATUS FOR MEASURING THERMAL CONDUCTIVIIY OF SOIL. .
e versten, M. S., Proc. 2nd Int, Conf. 3oil Mech. and -

‘ I ol Foundn, Engneng, Vol. 3, Pp, 162-165, (i948)

. (Not seen)

E 11. THR THERMAL CONDUCTIVITY OF SOILS., Kersten, M. 8., -
LJ Proc. Hgy. Res, Bd., Vol. 28, Pp.391-409, (1948)

. Equipment and test methods used to determine the -
E eoefficient of themal conductivity, k, of soils are °
; described. Nineteen soils of different textures were
1 tested at various mean temperatures, moisture coatents
- . and densities. Test values of k from & to 22 Btu per
(" hr, sq tt, OF per in. were obtained. An increase in -
moisture abcve about 6~12% produces an increasingly -
. greater conductivity for frozen soil ower unfrozen. N
N At a constant moisture content, each 1 1b per <u ft
K . increase in soil density ~aises ‘the conductivity
- about 3%. At constant density, an increase in moisture

. " content. 1ncreases the conductivity. Ccarse textured i
E’ #oils have higher conductivity values than fine silts -
. or clays. Soils containing quartz have higher con-
‘- ductivity values than those with basic rock materials, R

(] 12. C(MPUTING SOIL TEMPERATURES. Langbeinr, W. B., American
Geophysical Uni~n, Transactions, Vol. 32, No. &4, Fp.
543-547, (Aug. 1949)

Description of the method for computing soil temp-

) erature from surface temperature. This nmethed is -
. adaptable to the irregular fluctuation in temperature

L] ordinarily found in nature as well as to ideal cases. -
Blass' data were used for comparison of observed and -
conputed temperatures at depths up to & feet.



13, MEASUREMENT OF SOIL MOISTURE BY THR ELECTRICAL RESISTANCE

METHOD. Bouyoucns, G. J. and G. A, Crabb, Jr.,
Agricultural Engineering, Vol. 30, Nu. 12, Pp. 581-
583, (Dec., 1949)

Plaster of paris and nylon resistance elements,and
modification of Wheatstone bridge known as Buoyoucos
Model C resistance bridge, discussed; method consists
of placing porous element witbin soil profile; such
element, carefully selected, tends to establish rei-
atively rapird moirsture equilibrium with soil; moisture
content varies directly with mofsture content of soil.

18, “THE MEASUREMENT OF SOIL MOXSTURE AND DENSITY PY NEUTROM

AND GAMMA-RAY SCATTERING." Belcher, D, J., T. R.Cuykendall
and H, S, Sack, U. S, Civil Aeronautics Admin, Tech. De-
velopuent Report No. 127(1950)

A device 1s described for measuring soil moisture
and density oy lowering & radicactive radium-berylilium
source and detector into a metal tube driven into the
ground. Fast neutrons are converted inte slow neutrons
by impact with meisture. “"he number of slow neutrons
is proportional to the water content of the soil.

15. THE MEASUREMENT OF THE THERMAL CONDUCTIVITY OF SOILS AND

THE CALCJULATION OF OXL TEMPERATURES IN BURIED PIPELINES,
Brummage, K. G,, J. Inst. Petroleum, Vol, 36, Pp. 5735~
92, (1950)

Several large diameter pipelines are being laid im
the M:ddie East, and others are planned. Soze will be
buried. The temperature of the oil in such pipes is
iaportant for the fcllowing reasons: (1) through its
effect on viscosity, it controls the throughput; (2)
it is scmetimes possible to cool the engines at pump-
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in, . tions by heat exchange with the ofl deing
pumped, and the size of heat exhcanger depends om the
oil temperature: (3} the protective coating on tue
pipe nust be cnosen to withstand the pipe temperaturs
with deformatfon. The oil temperature is deterained
by the thermal conductivity cnd tbe temperature of rhe
soil. Measurements on existing buried pipelines are
reported for summer conditions at various places in
the Middle East. The theoretical analysis {s given,
including allowances for the insulating effect of
pipe coatings. A siwple procedure of general applica-
tiocn is described for calculating the temperature of
liquid in turbulent flow in a buried pipeline and the
temperature distribution in a representative hypothetical
line is determined as an illustration of the method.

16. MEASUREMENT OF THE THERMAL DIFFUSLVITY OF A SOIL BY THE
USE OF A HEAT PUMP. Penrod, E. B., J. Appl. Phys., Vol.
21, Pp. 425-427, (1950)

An earth heat pump was set in operation to
abstract heat from soil assured to be in thermal
equilibrium. Temperature-time graphs of the anti-
freeze and of the soll at distances of six, twelve
and eighteen inches below the center of the anti-
freeze line were plotted from experiwental data.
From these graphs data are obtained from which the
thermal diffusivity of the soil is calculated. The
so0il was analyzed and found to £2ll in the general
Casagrande classification of lean clay (CL) with
low plasticity.

The average value of the thermal diffusivity of
the s0il was found to be 0.019 £t.2hr.-1(0.0049 m2
sec.”l) for the so1l at a density of 120 pounds per
cubic foot.
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o 17. SOLIL MOISTURE MEASURE! NT BY NEUTRON MODERATION, Van _—
Bavel, C, H.o M., / wdsrwood and R. W. 3Swanson,

Joint contributic + stern Section, Soil and Water

Management, Amer: ochet Society, New York, N. Y.,

and North Carolina ~1cultural Experiment Statioa

and Phycics Dept., Raleigh, N, C.

(Undated)

g 18. TRANSIENT HEAT PLOW APPARATUS FOR THE DETERMINATION
s ' OF THERMAL CONDUCTIVITIES. Hooper, F. C. and F. R,
K 3 Lepp, Htg. Piping and Air Cond., Vol. 22, No. 8,
Y Pp. 12935, (Aug. 8, 1950)

Portable instrument consisting of electrically heat- -
s ed probe developed and used at University of Toronto for
. deternining within 10 min thermal conductivity of wet
or dry solids; usefulness of ingtrument i{s demonstrat-
ed and precision of measurement indicated; mathematical
theory developed.

i 19. DIE DETERMINATION OF TEMPERATURE TRANSIENTS IN CABLE )
R 2 SYSTEMS BY MEANS OF AN ANALOGUE CCMPUTER. Neher, J. H., S
e N Trans. of AIEE,vol, 70, Part 1I, Pp. 1361-1371, (1951) T

® A sufficiently accurate, nonmathematical method of

R solving transient heating problems in cable systems y
has been descriped which 13 based on the principle

N of electrical analogy and obtains the desired solution -

B by means of an electrical analogue computer. o

Such a computer has been designed specifically for
* this purpose, which is relatively simple and suff-~ -

iciently small in size to be used in an engineering T
office.

Curves are presented representing the transfient

a8 ~14- -
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21, “.ETERMINATION CFP SOIL MOISTURE BY NEUTRON SCATTERING.* -
. Gardner, Wilford and Don Kirkham, Soil Science, Vol. 73,
3 Pp. 391-401, (1952)

It has been shown theoretically, and experimentslly M
for five soils, that a method involving the scattering
and slowing of fZast neutrons by hydrogen may be used
for measuring soil moisture. The method rests primarily -
® on two considerations: first, hydrogen is, practically,
s the only material that will slow fast neutrons; second,
- hydrogen in soils is present almost entirely in the form
. of water.

In applying the above concepts, a fast-neutron source
P and a slow-neutron counter (source and counter combined . -
(] into a single unit) are lowered into a small auger hole
in the soil. The counting rate of neutrons which have
J beer slowed by soil hydrogen is & measure of the moisture
content., ‘

22. DEVELOFMENT OF THE THERMAL CONDUCTIVITY PROBE. Hooper, F. C.,
and S. C. Chang, Htg. Piping and A:ir Cond., Vol. 24, Ko,
2 10, Pp. 125-9, (1952)

N Application experijence is reported and a newly devel~
- oped chart is presented for the graphical evaluation of
® thermal conductivity from the probe readings. The probe
18 an instrument for finding the thermal conductivity of
nonfluid m-terials in the range between very low density
fibrous materials and dense moist clay. The method is
R i based upon the fact that this probe is approximately an
| infinite and linear source d.ssipating heat at a constant <]
e rate in an infinite and homogeneous materzal. The chart
® wethod of solution which is given in deta:l greatly facil-

itates the computation of results.
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23.

HOW TO COMPUTE THERMAL SOIL CONDUCTIVITIES. Genant, A,,
Btg. Piping and Air Cond., Vol. 24, Ne, 1, Pp. 1223,
{1952)

The mechanics of computing thermal conductivities
of soils by a theory presented elsewhere are explained
and fllustrated. Values thus calculated are in reason-
ably good agreement with values measured experimentally.

2%, THE MEASUREMENT OF SOIL MOISTURE AND DENSITY BY NEUIRON

AND GAMMA RAY SCATTERING. Belcher, D, J., (Pp. 98-110
in A Symposivz on Prost Action in Soils, Jam. 9-12,
1951). Higoway Res. Board, Special Report No, 2
Washington, D. C., 1952

A device for measuring soil moisture and density
by lowering a radicsctive radium-beryllium source and °
detector into a metal tube driven into the ground
which operates on the principle that fast neutrons are
converted into slow neutroas by impact with the moisture.
The number of slow neutrons is proportional to the water
content of the soil. Theory, construction of instruzent,
results of tests in laboratory and field, and advantages
in distant recording, adaptability and accuracy are oute
lined and equipzent and results fllustrated. Device is
also cheap and safe if proper precautions are taken.




2S. THE THERMAL CONDUCTIVITY FROBE, Hooper, ¥. C., {Pp. 57—
59 1n A Sysposium on Frost Action in Soils, Jan. 9-12,
1951) Highway Res. Board, Special Report No. 2, Wash-
ington, D. C., 1952

The probe itself cousists of an aluminum tube

approximately 18 in. ip length. Inside of the tube

is stretched an axial constantan resistance wire wnich
serves as a constant strength heat source, Near the
center of the tube length in contsct with the inner
walls are the hot juncticns of several thermocovples
arranged in series with external cold junctions. The
tubc is closed by a steel tip at the lower end and the
wiring carried out through a seal at the upper end.

The necessary potentiometer, battery and contrcls
are conveniently mounted in a suitcase to make the
whole 'portable.

26, SOME FIELD MEASUREMENTS OF SOIL TEMPERATURES IN INDIANA,
Yoder, B. J., (Pp. 41-42 in A Symposium on Frost Action
in Soils, Jan. 9-12, 1951) Highway Res. Board, Special
Report No. 2, Washington, D. C., 1852

This report covers the results of field measurement
of soil temperatures wmade under an asphaltic pavement.
Temperature gauges which actuated automatic recording
instruments were installed at various depths below the
paveaent.

The presression of heat waves through the soil, the
depth of 32°F (mean temperature), and the depth of
mnimum temperatures of 32°F have been plotted against
time. During the winter months measurements were made
manually of depth of frost penetration, depth of snow
cover, ground water fluctuatioans, and moisture content
of the soils.

Nc definite conclusions have been drawn from the data

-18-
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other than verification of several {mportant facts
brought out by previous investigators. I: is indicated,
however, that more atiention should be directsd towards
considering minimum daily temperatures in a study of ihis
type. Since this type of research is of necessity a long
range study, the accuxulatfon of data over a period of
years is desirable in order to better correlate the
factors affecting soil temperature.

s oo bosoEE

ABSOLUTE METHOD OF DETERMINING THERMAL CONDUCTIVITY
AND DIFFUSIVITY OF SOLLS. Misener, A, D. (Pp. 51-57 in
A Symposium on Frost Action in Soils, (Jan. 9-12, 1951)

Highway Res. Board, Special Report No. 2, Washington,
b. C., 1952

The wost commen methods for measurement of thermal
conductivity of poor conductors, e.g., earth or in-
sulating materials, are based on the fact that the
sawple iz in a steady-state condition. For poor con-
ductors this requires a long period before the heat
flow through the sample becomes steady. During this
period the heat source must be held constant. Pro-
longed heating aggravates such undesirable processes
as moisture migration and changes in structure. Fur-
thermore, the necessity of removing samples for measure-
xent from their normal situation introduces uncertain-
ties and experimentsl difficulties.

Thess methods have two more fundamental defects.
Pirst, steady-state measursments will give no information
on thermal diffusivity, a constant equal in importance
to conductivity in many heat-transfer problems, Second,
the actual experimental deviees, hot-plates, divides
bars, etc. are calibrated by using matecrials of pre-
sumably known conductivity to either establish quantity
heat flow or determine instrumental constants, such as
contact resistance with the sample.

i s i e St bbb F A

The method described here uses measurement during

-19-~




heating or cooling, which may be taken rapidly and will
give both thermal conduccivity and diffusivity. The
mathematics are rigorous and therefore the effect of
assumpt ions made in the theory can be calculated, Witk
heat sources of apprcpriate shape and dimensions, the
measurements may be made absolute, i.e., they are in-.
dependent of the particular measuring device and are

not affected by the thermal properties of the materials
uged to cénstruct the scurce. The limits within which
this condition is fulfilled can be calculated accurately.
The method is applicable to & variety of different forms
of apparatus, When a suitable form has been selected

and a particular apparatus built, the necessary calcula~
tions may be made once and presented as graphs from which
rhe desired results are read off as rapidly as readings
are taken. A general description of the methed fs follow-
ed by two particular applications, a spherical heater
buried in the waterial and a linear heater or probs in-
serted into the material.

28, DISCUSSION OF SOIL TEMPERATURES, FPIELD MEASUREMENTS OF
SOLL TEMPERATURES. Miller, H, #.,{Pp. 60-63 1n
A Sywposium on Frost Action in Soits, Jan. 9-12, 1951)
Highway Res. Board, Speciai Report No. 2, Washington,
Db, C., 1952

Discucsion of a project which began December &,
1949, and ended December 31, 1950. Thermocouples wers
installed at 6, 12, 30, 42, 5S4 and 66 in. below the
surface of the pavement. Charts are shown.
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29. THE MPASUREMENT OF SOIL MOISTURE AND TEMPERATURE BY HEAT
CIFFUSION TYPE MOLSTURE CELL, Aldous, W. M., (Pp. 74-98 in
A Symposiun on Prost Action in Soils, Jan. 9-12, 1951)
Highway Res. Board, Special Report No. 2, Washingtom,
D, C,, 1952

Procedure and materials employed in the development
of soil moisture-temperature measuring equipment are
described. The various stages of development are out-
lined briefly, Results obtained with the several types
of cells investigated are presented.

The performance characteristics of the cell in its
presert state of development have been investigated
througiu the medium of laboratory-calibraticn test and
soil-moisture determinations. The performance of the

present cell is unsatisfactory when in soil at wofsture
content above 15 percent by dry weight and is quite var-
iable unless positive contact with ambient soil is
initially established and maintained during readings.
Future improvement in design to increase operating
efficiencv and siwplify fadrication is briefly out-
lined.

30, HEAT TRANSFER AND TEMPERATURE DISTRIBUTION IN SOILS FOR
TRANSIENT HEAT FLOW DUE TO CYLINDRICAL SOURCES AND SINKS,
Touloukian, Y. 8., J. D. Bottorf, and Thor Harsen (Pp.
147-160 in A Symposium on Frost Action in Soils, Jan.9-12,
(1951) Bighway Res. Board, Speclal Report No. 2, Washington,
D. C., 1952

Several =ethode of solving problems of transient
temperature distribution and heat flow in the earth
surrounding exbedded heat sources and sinks in which
the temperature is suddenly changed frowm that of the
surroundiang medium to a new value and waintained at
this new level are presented.

Solutions of the differential equatious for the

=21~




temperature distribution and heat flow for the idea -
ized case are evaluated in terms of dimensionless
parameters. A numerical method is used im the study

of the problem with real boundary conditioas obtained
from experimental observations. The method of elec~
trical analogy is also presented as a rapid and acturate
means of solving this problem. The thermal recovery
(recuperation time) of the thermally disturbed soil

is also studied and results shown.

31. NUCLEAR METERS FOR MEASURING SOIL DENSITY AND MOISTURE
IN THIN SURFACE LAYERS. Belcher, D. J., Cuykendall,
T, R., and H, S. Sack, Technical Development and Eval-
uation Center, Civil Aeronautics Administration,
Indianapolis, Ind., Report No. 161, 8p. (Feb. 1952)

Preiiminary models prove prouising; further studies
being made to improve operational characteristics,
particularly sensitivity, when perfected, they can
be uged for compaction control, etc, in all types of
earth construction, it takes 15 min, to take measure-
ments and obtain resuits onm complete set of density
and moisture readings.
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32. DEYERMINING SOIL MOLSTURE AND DENSITY BY NUCLEAR RADIATIONS,
Lane, D. A., B. B, Torchinsky and J. W, T. Spinks (in
"Symposiun on the Use of Radioisotopes in Soil 1] Mechanics™),
ASTM Special Technical Publication 134, FPp, 23-34, (March

5, 1952) (Also: Engpg. J., Montreal Vol. 36, No. 1, Pp.
1-7, (Jan. 1953)

The developaent of a meter which can be used to

deternine soil moisture and density is described.

The moisture meter 1s based on fast neutron bombard-
went of the soil, causing reflection of siow neutrons
which activate a detector fojl. The activity of the
detector foil after a given exposure time can be re-
lated to the water content of the soil. The 'density
meter, using the same source and holder as the moist~

ure meter, measures with'a Geiger tube the gamma rays
reflected by the mass of material through which they
radiate. The zone of influence can be considered to
be a sphere of about a 6-in. radius. Both the moisture
méter and the density meter give a linear calibration.

Pield testing of the moisture and density meters on
sandy silt and medium plastic alluvial clays yield
results which 2gree within 3% moisture, and most within
2% moisture, or less, Less accuracy was obtained when
testing Bearpav shale, the neutron meter indicating
more moisture than is actually present. The presence
of large amounts of organic material would also upset
the calibration curve. Although considerable work is
still necessary to determine the effect of these and .
other factors, results obtained in preliminary tests
indicate that the neutron meter is of considerable
practical value,

It i3 believed that, since soil-moisture determination
is a major-~bottlemeck in many aspects of engineering in-
vestigation, the development of new tools such as that
indicated herein is wost encouraging, '
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33, USE OF RADIOACTIVR MATERIAL TO MEASURE SOIL MOISTURE AND

DENSITY. Belcher, D. J., et al., (in "Symposium on
the Use oL Radiiisotopes in Soil Mechanics"y, ASIH

Specilal Technical Publication 134 (March 5, 1952).

(Not seen)

34, DEVELOPMENT OF AN ALBRECHT TYPE MRTER FOR THE MEASUREMRNT
OF HEAT FLUX IN THE SOIL., Morse, B. E., Blectrical
Engineering Research Laboratory, Contract AF 19(604)~
183, Scientific Report No. 4-01, Univ, of Texas, 43p.
(May 30, 1952)

Discussion of a number of heat flow meters. The
Albrecht design was found to be the most suitable
for measurement in the soil, The instrument was im~
proved using four Sanform rod thermistors horizont~-
ally one above the other. Three of the sensing
elvments were equipped with wire heated for the
measureuents of the thermal conductivity in situ.

A detailed mechanical description fs given, Only
a few test measuremeits were rade.




37. THE MEASUREMENT OF TEMPERATURE AND HEAT TRANSFER IN THE
SOIL, Portwman, J., Johns ¥spkins Univ. Laboratery of
Climatology, Publications in Climatology, Vol. 7, No. 2
Pp. 293-294, (1954)

The iastallation of soil thermometers, made as
copper constantan theimojunctions, is described. In
additfon, a Gier and Dunkle heat flow plate now used
to measure the heat transfer in the soil directly is
described.

38. A TRANSIENT-FLOJ METHOD FPOR DETERMINATION OF THERMAL
CONSTANTS OF INSULATING MATERIALS IN BULK., PART 1 -

THECRY. Blackwell, J, H., J. appl. Phys,, Vol. 25,
No. 2, Pp. 137-1u44, (Feb. 195%)

This is s theoretical paper, largely mathemat{ical,
dealing with the computation of therwal conductivity from
the time-temperature observations obtained from a thermal
conductivity probe. A criticism of existing techniques
of computation is given and a new equation is proposed,
based on "short time" and “long time" combined solutions,
This technique is intended to eliminate errors not
accounted for in previcus solutions, notadbly contact
error,

The paper should be of interee: to those who have
followed the development of the thermal conductivity
probe,
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39. IMPROVED MODELS OF THERMAL DIFFUSION IN THE SOIL. Lettau,
H., American Geophysical Union, Transactions, Vol. 35,
No. 1, Pp. 121-132, (Peb. 1954)

It is shown that the non-homogeneous case of
soil-heat conduction, that 1s when soil-heat con-
ductivity and capacity are functions of depth, can
be treated rigorously. An exact formula is derived
which gives the thermal diffusivity of the soil as
a function of depth, on the basis of Fourier co-
efficients of diurnal courses of soil temperature
at a variety of depths. By employment of the new
model of soil-heat diffusion one avoids wislesding
results which are obtained when the classical model
of heat diffugion in a solid conductor is applied to

natural soil indiscriminately. The case of depth-
time varying thermal diffusivity can orly be solved
in approximate form. The practical application of
the classical and the two new models are discussed
with the aid of soil temperature data obtained by

the Johns Hopkins Laboratoiy of Climatology, Seabrook,
N, J.
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40, FINAL REPORT ON THE STUDY AND MEASUREMENT OF HEAT ¥UX
AN THE SOIL. Staley, R. C., B. E. Morse, K. Buet 1er
and J, R, Gerhardt, Texas Univ. Electrical Engineering
Research Laboratory, Contract AF 19(604)-183,5c1entafic
Report, No. 4-02, 62p., (Sept. 30, 1954)

This report summarizes research activities dealiny
with the development and operation of an instrument
for the direct measurement of heat transfer in the
so1l. The requirements of small physical size to
avoid heat flow interference and of making measurements
in situ s0 as to leave the soil undisturbed made it
desirable to base such a design on an instrument orig-
inally developed by ALBRECHT. The final instrument
uses wire wound resistance thermometers and, following
a theoretical analysis of the heat transfer from various
types of soil-imbedded heated elements, derives the in
situ soil thermal conductivity from the temperature-time
re.ponse of a single element rather than from a pair of
elements. The construction and calibration of the heat
flux meter are described. The results of a series of
detailed measurements are presented along with
a description of certain other measurements are
presented along with a description of certain other
measurements wade during the Great Plains furbulence
Project at O'Neill, Nebraska. The data taken during
this measurement project are given in a series of
appendices. An evaluation of the reliadility of the
surface heat flux and sorl thermal conductivity values
snow that im spite of satisfactory thermal conductivity
values there 1s not at present a satisfactory technique
for extrapolating sub-surface heat flux values to the
surface. A brief description is alsc wmade of a portable
hypodermic-type meter designed to measure the thermal
conductivity of soil over small sensing volumes. A
series of near surface thermal conductivities from
50 X 1076 to 1200 X 10-6 cgs units.
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81, ANALYSIS OF ERRORS IN GROUND aND AIR TEMPRRATURE MEASURE-
MENIS. Rohsenow, W. M , J, A, Clark and P. €. Van
Alstyae, U. S. Corps of Engineers. FProst Investigation,
Report No. 4, 43p., (Oct. 1954)

This report is a discussion of various thermal
errors assoctated with the measurement of ground and
air temperatures. Errors associated with the digging
of a pit and plunging temperature measuring devices
into the ground through the side walls are considered.
The effect of electric currents in resistance thermo-
meters and in thermistors and the sffect of radiation
penetration in the ground are discussed. The types of
erro’s associ ted with a long vertically installed
temperature sensing unit are mentioned. Steady-state
and transient errors assoclated with air temperature
measurexent under various conditions are presented.

EVALUATION OF TWO RAPID METHODS OF ASSESSING THE
THERMAL RESISTIVITY OF SOIL., Makowski, M. W. and K.
Mochlinski, Instn. Eleat, Engrs.. Proc. Paper 1942 M,
Vol. 103, No. A, Pp. 453-70, (1955)

The methods are suitable for use in s..u, with
special application to the assessment of cable ratings.
Brief vonsideration is given to the factors Jetermn-
ing the thermal resistivity of the soil, 1.e. its
composition, compactness and moisture content, and
then to the present standard method of measurement
by buried spherical or cylindrical heater. The basis
of the so-called transjent-needle method is then set
out  Theory, errors due to depariure frem :deal ecn-
ditions and practical application are considered., A
method based on soil sampling is next aigcussed. After
eritical considerations of the underlying theoretizal




"MZASUREMENTS OF SOIL MOISTURE AND DENSITY.” U. 8%

and practical work by Gemant, Kersten and Mickley in
the United States, a nomogram is introduced by meais

of which the thercal resistivity of sand-clay mixtures
of known physical characteristics may be simply de-
ternined. The practical application of the two rapid
methods, to field measurements is described, and results
obtained by the various methods are compared. Finally,
the new methods are discussed and coupared with that
using the static buried heater.

Corps of Engineers, (March 1955).

(Not seen)

SMALL PORTABLE METER FOR SOLL HEAT CONDUCTIVITY AND ITS

USE IN THE O'NEILL TEST. Buettner, K., American Geo-
physical Union, Tramsactions, Vel. 36, No. 5.’ Pp. 827~
830, (Oct. 1955)

\ hypodermic needle is fitted, in its bore, with
an e¢lectrical heating wire and a thermocouple. With
certain precautions, its temperature increase yields
data of soil heat comdactivity. Very large local
variations of the heat conductivity were found in
the upper centimeters of the surface by this instrument
at the U.S.A.F, Great Plains Turbulence Project at
0O'Ne1ll, Nebraska, im 1953.




45, SOIL MOISTURE DETERMINATION BY A PORTABLE NEUTRON
SCATTERING MOISTURE METER. Stone, J. G., D. Kirkhm
and A. A. Read, Soil Science Society of America, Proc.
vol, 19, No. 4, Pp 419-423, (Oct, 1955)

A portabie battery powered device suitable for
field measurenents of goil morsture by neutron scatter—
ing is deseribed. Except for the surface 6-9 in. the
equapment generally gave the soil moisture per unit
s0il bulk volume within the range of the siandard
deviation of gravimetric determinmation. The equip~
ment weighs 45 1bs., A simplified checking and
standardization device is included.

46, EVALUATION OF SOIL HEAT CONDUCTIVITY WiITH GYLINDRICAL
TEST BODIES. Buettner, X., Ap. Gesphys Union Trans.,
Vol 36, No, S, Pp. B31-837 (Oct. S, 1955)

Study relating to heated cylinders used as sensing
elements to measure heat material constants in soil;
different solutions for temperature increase with time
of heated c,linder discussed; increase derends on cylinder
geometry, heat conductivity of mediva, and ratio of spec-
ific heats of cylinder and medium; for compact cylinders
and not too fluffy: 12, increase is ind pendent of
heat capacity of meaiunm.

4/, ANALYSIS OF SOIL~ AND AIR-TEMPERATURE DATA BY FOURIER
TECHNIQUES, Carson, J, E. Argonne National Lab., IIl.,
Report 6398, Pp. 110-129, (1956)

Data for air temperature and soil temperatures at
various depths at the Argonne site are presented for
1955, The annual cycles of a:r and soil temperatures
for 1953 to 1955 are subjected to hammonic (Fourier)
analysis, and the results are used to derive thermal
drffusivities of the soil ut various depths.
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48. A CONTRIBUTION TO THE STUDY OF SOILS BY MEANS (F
: TTRICAL RESISTIVITY APPARATUS Bethlahuy, Nedavia
bocroral Dissertation, Cornell Univ., 191p., (1956)

The olusia-Mardin soil association, because of
its poor drainage condition, constitutes a serious
problem area in the southern New York plateau. An in-
vestigation was conducted to deterunine the applicability
of the electrical resistivity method of geophysical ex-
ploration to a study of these soils. Data collected
by the Wenner configuration, which consists of four
equally spaced electrodes, and analyzed by superposition
‘on standard curves yielded results pertaining to the
depth of the substratum and the resistivity values of
the several soil layers, and made possible the drawing
of inferences with respect to subsurface flow of water.
Volusia and Mardin soil series have strongly expressed
fragipans. If soil moisture conditions are such that
the res ulting resistivity curves canh be interpreted by
2-layer standard curves, then the fragipan and over-
lying soil mass appear as one layer, while the sub-
stratum is the second layer. In such cases, the elec~
trical resistivity method can be used only to «ctermine
the depth to the substratum. On the other hanc, when
soirl molsture conditrons are such as to require the
use of 3-layer standard curves then the fragipan
is different:iated from the overlying soil, and the
method may be used both for depth determinations and
resistivity evaluations.

Depth determinations by 2 and 3-layer curve analyses
may be combined. Depth to the substratum was determined
to be greater in Mardin scils than in neighboring Vol-
usla soirls  Since the resistivity survey was coabined
with a topographic survey, conclusions could be drawn
concermng the slope of the upper surface of the sub-
stratum  Similar slopes were found under Mardia and
nearby Volusia soils. This led to the conclusion that
the surface of Mardin scils 1s at a higher elevaticn
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than the surface of adjacent Volusia soils.
ol
Resastivity analyses showed that the sofl layers
above the Volusia fragipan have a smaller resistivity
value than their Mardin counterparts; that the fragipans
of both soils have the same resistivity; and that the
substrata of Mardin soils have resistivity values which
are in some cases equal to, and at other times greater
) than the substrata resistivities of Volusia soils.
These results led to inferences respecting the move- .
A ment of water from one soil into the other. In wet .
p periods, water flows horizontally over the fragipan . e
v - from Mardin into Volusia soils. Some of the water R,
£flows downward through the permeable “gray streaks” L

. " in the Mardin fragipan until 1t reaches the substratum, K
(&l where it again resumes a horizontal flow towards the e
. Volusia substratum. Because the flowing water is -

confined between two impermeable strata, pressure may
be buiic up, forcing water upwards through the "gray "

- streaks” in the Volusia fragipan. A plezometric study R
in Volusia soil sites confirmed the presence of water
. under hydraulic pressure underneath the fragipan. -
34 i‘ ~
K : 49, TENTATIVE METHOD OF TEST FOR THERMAL RESISTIVI1Y OF -
> SOIL BY THE THERMAL PROBE, Winterkorn, R. F., AIER °
9 - Research Project on Soil fhermal Resistivity, Pirst
() Annual Report, (July 1956)
(Kot seen) R
~ . ]
. s
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52. A PROBE POR MEASUREMENT OF THERMAL CONDUCTIVITY CF FROZER
SOILS IN PLACE. Lachenbruch, A. H., Am. Geophys. Umion .
Trans., Vol, 38, No. 5, Pp. 691-697, (1957)

Field weasurement of thermal conductivity of non-
metallic substances (such as frozen soils and ice) by
the thermistor probe is presented and well illustrated.
Accurate mathematical method for reduction of obtainable
data is shown with nunerous references, including the
Van der H213 and Van Drunen theory. The entire treat-
ment is a competent and practical contribution to the

urgent exploration and exploitation efforts in cold
regons.

53. LOCAL VARIABILITY OF THERMAL CONDUCTIVITY-UNXVERSITY OF
TEXAS. Buettner, K., (Pp. 46~49 in: Exploring the
Atmosphere's first mile, Lettau, H. H, and Ben Davidson,
(editors), Vol. 1, N. Y., Pergamon Press, (1957)

The author describes the construction of the
Buettner-Bahn portablevk-meter for deterzining soil
thermal cenductivity in situ. It "consists of a
stainless steel hypodermic needle 2.5 cum long and
0.07 em cutside diaweter. Inserted in the needle
base with terminals in the base of the needle was a
2.5 cm 100p of enameled recistance wire (total re-
distance 4.5 ohms) to be used as a heat source.” The
thernocouple principle was used as a thermal sensing
device. A diagram of the instrument is presented. Its
calibration is ocutlined and the method of measurement
and the results obtained are discussed., A graph is
given; shouving the frequency distributions of 171
observations of soil thermal conductivity with the
portable _/\-meter at O'Neill, Nebr.
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TEXAS. Buettner, K., (Pp. 46~49 in: Exploring the
Atmosphere's first mile, Lettau, H. H, and Ben Davidson,
(editors), Vol. 1, N. Y., Pergamon Press, (1957)

The author describes the construction of the
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S4. SOIL DENSITY WATER CONTENT AND HEAT CAPACITY-JOHNS
HOPKINS UNIVERSITY. Portman, D. J., (Pp. 41-45 in:
Exploring the atmosphere's first mile, lettau, H. H.
and Ben Davidson, (eds.), vol. 1, N. Y., Pergamon
Press, (1957)

1In connection with the measurements of soil density,
water content and heat capacity made at the Johns
Hopkins Univergity site at O'Neill, Nebraska, the
author discusses the methods employed to measure spec-
1fic heat, namely its indirect measurement with the aid
of equation: C =G, + C4(1 - w), where C, C,, and Cy
(cal g-ldeg-1) are the specific heat of moist soxl, water
and dry soil, respectively, and W is the fraction of
water by weight 1n moist soil; soil density by means

of equation: £ = {74(1 - W); and heat capacity using
the computedspecific heats and bulk densities. Tables
giving specific heats of various soils {dry state)} and
estimated soil heat capacity at O’'Neill, Nebraska, and
graphs showing soil moisture and rainfall at O'Neill,
Nebraska (1953) and dry density of soil at the same
site are presented.




55. SOIL HEAT FLUX HMEASUREMENTS. Staley, R. C. and J. R,
Gerhardt, (Pp. 58-63 in: Exploring the at here’s
first mile, Lettau, H. H, and Ben Davidson, (eds.),

The principles, advantages and disadvantages
of the plate method and of the temperature gradient
method for weasuring heat flow are presented. This
is followed by a presentation of the theory of the
sunmat ion or "Temperature Integral Method"” for eval-
uvating surface soil heat flux by means of the
equation:

S°= (/x'l' ) 0.5+ (/)cl" ) 1.50...(f¥1" )D -

The reduction of subsoil heat flux to surface valves
by the "Temperature Integral Method” involves the
use of the relationship

peT - A’y L

to convert from n.e,oc to theJ‘ parameter assoming
that A\ X2 0 and the equation

s = (AT")50 te 1.6 » (AT 1.0 to 2.0 + LA 2.0

s01) surface heat flux values are given im Yol. 2
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and the differences between the measurenents of
the University of Wisconsin and Johuns Hopking
University values are discussed.

56. SOIL TEMPERATURE INSTRUMENIATICH. FPortwman, D. J.,
(Pp. 17-18 in: Exploring the atmosphero’s first
mile, Lettau, H. H and Ben Davidson, Vol. 1, N, Y.
Pergamon Press, (1957)

Soil temperatures at various depths were measur-
ed during the Great Plains Field Program at 0'Neill,
Nebraska. Soil temperatures are important in studies
of atmospheric tu.bulence because fluctuations in
air flow near the ground are themally as well as
frictionally 1induced aid the temperaturc of the
30il sarface 18 relaced closely to that of the air
tempeature, they are irportant also in stndying the
role of temperatucc in the e .ergy balance at the
5021 surface. Of the probl.as encountered in ob-
tain.ng accurate soxl tespersture, the following
are consideced. nicper space sa=pling, placing of
sersing elercrrs at known depths with a miniwum of
disturbance 1o the natural soil ccuditions and ine
strumentat accuracy. A table giving & suemary of
soil teaperatures at O'Reill is included.
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S7. THERMAL CONDUCTIVITY-UNIVERSITY OF TEXAS., Buettner, K.,
(Pp. 29-38 in: Exploring the atmosphere's first mile,
Lettau, H. H, and Ben Davidson, (eds.), Vol. 1, N, Y.
Pergamon Press, (1957)

A brief description of the two element method of
rcasurement of soil thermai conductivity in situ based
cyon an instrument designed by F. Albrecht ani an
account of its deficiencies is followed by & detailed
Jdiscussicn of th:e single elemen. method, which in-
volves the use of "one small cy‘indrically shaped
element rontainfng ¢ thermal sens’ng element al a core
and a spirally wound heater coll surrounding the therm~
ocmeter.”

The mathematfcal development of the single element
method is presented and a description of the instrument
a U-shaped Albrecht type flux meter, and of Its cir-
cuitry is given with the aid of dlagrams and a photo-
graph. The instrumental error, the induction material,
the possible heat conduction through the Bakelitz frame
and the characteristics of the data rccorded (presented
iz Vol. 2) are discussed.
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58. SOIL THERMOCOUPLES-JCGHNS HOPKINS UNLVERSITY. Partman, D. - :

3., (Pp. 19-20, in: Exploring the atmosphere's first »
mile, Lettau, B. E. and Ben Pavidson, (eds.), Vol. 1-:

K. Y. Pergamon ZPress, (1957)

At the Johns Hopkins University site near O'Neill,
s0il temperatures were measured at depths 2,5-80 cm
with copper-constantan therzojunctions. A description
is ziven of the construction of the junctions for
the various depthks, the installation of the tnermo-
couples and the heat flow plate (illustrated by
weans of a diagram) and the method of observation,

$9. EMISSIVITY OF ICE, SNOW, AND FROZEN GROUND, Dunkle, R, V.,
J. T. Gier and J. T, Bevans, Refrig. Engng., Vol. 65,
No. &, Pp. 33-S, 89, (1957) :

The measuremeat of the emissivity of snow, ice, -
and frozen ground was undertaken as 2 phase of a
research plogram under the auspices of the Suow, Ice
aud Permarrost Reseirch Establishzment of the U. S,
Arcy Corpa of Engineers, The need for such inlorma-
tion in environzeatal heat tiansfer stvdies is
readily appareat and the resuits are of inportance
in many vtter fields of cngineering.
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60. ESTIMATION OF TdE HEAT-TRANSFER COEFFICIENT BEIWEEN AIR
AND THE GROUND SURFACE. Scott, R. F., American Geo-

physical Unmion, Transactions, Vol, 38, No. 1, Pp.
25-32, (Feb. 1957)

For the purposes of programming a couputer
t> predict the depths of freezing and thawing in
soils, a simple method is outlined with che appro-
priate charts for calculating the value of the
surface heat-transfer coefficient, based on meteoro-
logical information which is normally easily obtain-
able. All the significant parameters are included,
and an account of the investigation leading to the
preparatior of each chart is given.

GAMMA SCATTERING SOIL DENSITY GAUGE FOR SUB-SURFACE
MEASURZMENTS," Cameron, J. F. and M, S. Bourne,
Internat, J. Applied Radiation and Isotopes, Vol. 3,
Tp. 15-19, (1958)

A gauge for in situ measurements of soil densities
with an accuracy of about 1 percent which can be used
at depths down to 1000 £, is described. A caesium-
137 )y ~ray source is separated by a cylindrical lead
shield from a Geiger counter which detects the -_
radiation scattered by the soil. The optimum solrce~
detector spacing is experimentally determined. Pulses
from the Geiger counter are fed along a cable to the
scaling unit by means of a transformer irpedance-
matching circuit. A complete design and the wmethod
of calibration is given.
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62. “METHOD OF MEASUREMENT OF THE REAL THERMAL DIFFUSIVATY
. OF MOIST SOIL." Jackscn, R, D. and D, Kirkham, Soil
E . Soc. Amer. Proe., Vol. 22, No. 6, Pp. 479-482, (Nov.
Dec., 1958)

To get away from thermally induced errors in soil

4 . diffusivity measurements, an alternating heat source .
was used to allow moisture transfer in slternate dir-
N ections (thus reducing diffusivity at decreasingly

smaller periods (with corresponding smaller temperature

gradients) of the alternating heat source. These re-

sults plotted on a curve which can be extrapolated

4 1 to zero perrod gives a value of diffusivity (reaxl

: diffusivity) for zero temperature gradient. This
method was used on samples of clay loam and sand at

1 a number of .soisture contents and tensions. The -
diffugsivities increase steadily a+ moisture increases

, to saturation. Thirs differs from former results show-
ing maxuma at < saturation. These maxima occur in

; apparent and real diffusivities,
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63. ON THE CYLINDRICAL PROBE OF MEASURING THERMAL CONDUCT.VIXY
WITH SPECIAL REFERENCE TO SOILS. I, EXTENSION OF
THECRY AND DISCUSSION OF PROBE CHARACTERISTICS, DeVries,
D. A. and A, J. Peck, Austral. J. Phys., Vol. 11, No. 2,
Pp. 255-271, (1958)

Authors present an extiension of the theory of
cylindrical probes of infinite themal conductivity
for nonstationary thermal ductivity measur
of soils and nmaterials of similar thermal properties
to the case of a homogeneous probe of finite con-
ductivity with a line source of heat at its center,

An analysis of experimental results :ade on the basis
of +his extended theory shows tbat deviations from the
simpie theory of a yrobe of infinite conductivity are

{Igible 1f the outer probe diameter and the probe
lergth are of the order of 0.1 cm or less and 10 cm,
respectively, and if the thermal conductivity of the
probe is large in comparison with that of the observed
waterial, and if the volumetric heat capacities of both
are nearly equal., It is shown how an estimate can be
made of the influence of the contact resistance betweem
the probe and the observed material on the thermal con~
ductivity of the latter. A negligibly small or accur-
ately known contact resistance makes it possible to £isd
the thermal diffusivity of the investigated material
but no remarkable accuracy is to be expected.
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64. ON THE CYLINDRICAL PROBE METHOD OF MEASURING THERMAL CON~-
DUCTIVITY WITH SPECIAL REPERENCE TO SOILS. IX. ANALYSIS
OF MOISTURE EFFECTS. DeVries, D. A., and A. J, Peck,

Austral. J. Phys., Vol. 11, No. 3, Pp. 409-423,
(1558)

Effects of uneven moisture distributfion caused by
temperature gradients and gravity on nonstationary
thermal conductivity measurements of unsaturated porous
materials by means of cylindrical probes are discussed.
An analysis of simplified equations for simultaneocus
transfer of heat and woisture shows that temperature
gradients produce a decrease of moisture content at the
probe surface which is approximately inversely proportional
to the radius of the probe, and increases with increasing
time and temperature. For most soils the redistribution
of moisture and {ts effects on the measured temperature
rise will be insignificant at average tempe ratures below
about 40°C for a probe diameter of 0.1 <m, a heating
time of the order of 100 sec, and a temperature rise
at the probe surface of less than 19C. The effect of
variation of moisture content in the vertical direction
due to gravity also is usually negligible. The import-
ance of measuring both the heating and cooling branch
of the temperature-time relation in detecting the
influence of moisture redistribution is illustrated.




s

i "R
cdain s o bl

65., A STUDY OF THE SUPERPOSITION OF HEAT FIELDS AND THE
KENNELLY FORMULA AS APPLIED TO UNDERGROUND CABLE
SYSTEMS. Bauer, C. A. and R, J. Nease, AIEE Trans-
actions, Vol. 76, Pt. III, Pp. 1330-37, (Feb. 1958)

Tests on applicability of Kennelly formila to
underground cables; £1inal ground temperature at any
point in heat field can be calculated using Kennelly
formula and addaing to this measured or calculated
value of ambient ground temperature at given depth.

66. A GRAPHICAL TECHNIQUE POR DETERMINING EVAPOTRANS~
PIRATION BY THE THORNTHWAITE METHOD. Palmer, W. C.
and A, V, Havens, ronthly Weather Review, U, S,
Weather Bureau, Washington, D. C., Vol. 86, Pp.
123-28, (April 1958)

Prepared for the Weather Bureau short course in
Agricultural Meteorology, July 1956. 3 sheets 35
% 47 cn. 2 charts, Nomograms and instructions for
their use in climatology are presented.

67. SUGGESTED METHOD OF TEST POR THERMAL RESISTIVITY OF SOIL
BY THE THERMAL PROBE. Procedures for Testing Soils,
American Society for Testing Materials, Pp. 1/9-85
(April 1958)

(Not seen)
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70. PERIODIC HEAT PLOW 1IN A STRATIFIED MEDIUM VITH APPLICA-
TION TO PERMAFROST PROBLEMS., Lachenbruch, A, K.,
Geological Survey Bulletin No. 1083-A, 35p., (1959)

Solutions to the Fourier heat equation for quasi-
steady periodic flow in a stratified semi~infinite
medium can be obtained readily by standard methods.

The results have wide application to studies of earth~
temperature variations induced by diurmal, annual, and
other periodic variations. One application is to

the important problem c¢f determining the minisum
thickness of gravel £ill required to waintsin the
material on which it rests {(the subgrade) in a per-
ennislly frozen state in permafrost areas. The results
indicate that the required £ill thickness is very sensit-
ive to the thermal properties of the subgrade. If a
thin layer of material with a low therzal contact co-
efficient, such as spruce logs, is placed between the
£il1 and subgrade, the thickness of fill required to
maintain undisturbed permafrost can be greatly reduced,
The thermal propecties of the soil beneath the layer
supporting plant growth can have an important influence
on the temperatures in that layer. This effect is likely
to have important application to plant ecology in tha
arctic, The theory yields an approximate method of
estimating the effect of winter snow cover on the mean
annual teuperature of the ground surface.




