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ABSTRACT 

This paper describes two projects. In the first 
project, soil temperatures at irrigated and non
irrigated sites,with depths to 30 fee4 have been 
measured in Lubbock, Texas since 1981. Soil 
temperatures under a heated and cooled commer
cial building have been monitored since 1985. 
The effect qf micro-climate on soil temperature 
at various depths and the effect of yearly 
climate variations will be illustrated. 

The second project involves the performance of 
two earth/air heat exchange "cooling tubes" 
installed in Lubbock and monitored since 1985. 
A one-hundred foot long, twelve-inch diameter 
PVC plastic pipe buried ten feet below grade has 
been compared to a similar two-hundred foot long 
pipe. Fresh air was forced through each and the 
exhaust air was discharged to the environment. 
Cooling (and heating) performance studies com
paring intake air temperature and exhaust air 
temperature will be displayed. 

1. INTRODUCTION

In the early 1980's Associate Professor of 
Architecture,Melvin H. Johnson,and the author 
began to explore strategies of using the thermal 
mass of soil to assist in the heating, and 
particularly the cooling, of buildings. Three 
basic app,roaches have been used and currently 
are being used successfully. One approach uses 
existing caves or constructs habitable spaces 
underground. Another brings the mass -of the 
earth up to the surface with heavy berms or 
adobe construction. The third approach utilizes 
a heat exchanger to transfer heat from a build
ing to the surrounding earth. The researchers 
chose to explore this third approach more thor
oughly. Investigating this third method, how
ever, first required a better understanding of 
soil temperatures. 

2. OPERATION

2.1 Soil Temperature 

Soil temperatures at various depths have been 
studied since th� 16th·century,but the research
ers felt mqst da�a was of questionable accuracy 
and utility. Po�ular myths of soil temperatures 
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abound,but these appear to be based on even less 
reliable sources. The researchers decided 
testing was necessary and appropriate apparatus 
was set up in Lubbock, Texas. 

Soil temperatures at various sites and depths 
have been measured since 1983. The installation 
procedures, apparatus and monitoring have been 
identical at all sites. A 2-1/2 inch hole was 
dug with a manual auger at each site. A bundle 
of 24-gauge, type-K thermocouple, teflon-coated 
wires of various lengths was carefully lowered 
to the correct depths in the hole. The soil 
removed from the hole was slowly poured down the 
hole. A removable cap fabricated from a four
inch PVC sewer clean-out was installed at grade 
to protect the wires and thermocouple plugs. No 
settlement of the soil has been observed at any 
site. 

The monitoring procedure consisted of removing 
the cap and individually attaching each thermo
couple plug to an Omega 871 electronic thermo
couple thermometer with one-tenth degree Fahren
heit resolution. Most sites had thermocouples 
at 3-foot, 6-foot, 8-foot, and 10-foot depths. 
One site also had 12-foot, 18-foot, 24-foot, and 
30-foot depths. The temperatures were recorded
on log sheets and later entered into a Lotus-1-
2-3 spreadsheet.

Ambient air temperatures were recorded at the 
time of monitoring,but all ambient temperatures 
referred to in this section of the paper are 
from the Local Climatological Data, Monthly 
Swnmary, published by the National Oceanic and 
Atmospheric Administration (NOAA). Their data 
are gathered at the airport, located eight miles 
from the thermocouple sites. NOAA defines the 
daily mean as the average of the daily high and 
daily low temperatures. This set of numbers is 
plotted for each year. Some grapqs show the 5-
year mean of �hese daily numbers based on 1983-
1988. Some graphs also show the smoother curve 
of NOAA's 30-year mean. 

The thermocouple readings were graphed directly 
from the Lotus-1-2-3 spreadsheets,without ma
nipulation, except for the graphs that show 
means. When the temperatures were not recorded, 
be�ause of school vacation for instance, .the. 
cell was left blank. An average of once per 









less for the Art Building site perhaps due to 
the tree canopy. Figures 24 and 25 show the 
same dat� as the two previous graphs but on a 
different vertical scale and plot the deviations 
of the soil temperatures from the ambient daily 
30-year mean. At the ten-foot depth, the soil is
about 20° warmer than the air during December
and about 15 ° cooler during June.

Figures 19-21 show data from a set of thermo
couples under a retail space in a strip shopping 
center. Figure 19 shows the temperatures stabi
lizing after construction and the tenant, Toys 
Plus, opened for business. The store went out 
of business in January 1988 and the space was 
vacated. Although the readings unfortunately 
were taken infrequently during this time period, 
the graph clearly shows cooler temperatures, 
particularly directly under the slab when the 
mechanical system was shut off. 

3.2 Tubes 

Figures 27-29 show the chart recorder records 
for the week of June 22-29, 1987. Figure 27 
shows the �bient air temperature on a 0 -100 F 
scale recorded just outside the 200-foot tube 
blower box. Figure 28 shows the air temperature 
on a 45 -90 'F scale at the base of the exhaust 
stack in the 100-foot tube and Figure 29 shows 
the air temperature on a 45 -90 F scale at the 
base of the exhaust stack in the 200-foot tube. 
For both tubes the exhaust air temperature began 
to rise when the blowers were switched on at 9 
a.m. The exhaust temperature continued to rise
until G·p.m. when the blowers were switched off
and the temperatures dropped sharply. In the
late afternoon with the ambient temperature
about 100 F, the 100-foot tube cooled the air to
about 80 and the 200-foot cooled the air to
about 73 .

.. 

Fig. 28. Tubes, June 22-29, 1987; 100-foot long 
tube exhaust
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Fig. 27. Tubes, June 22-29, 1987; ambient

Fig. 29. Tubes, June 22-29, 1987; 209-foot long 
tube exhaust 
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