
Heated Drift Surface Temperature

At 50 locations along the drift, TCs were grouted into 5-cm deep holes drilled into the surface of
the drift. The data from these gages are plotted as a function of time in Figure 3-19. On day 179,
these gages recorded temperatures ranging from about 108 to 120 'C. There is one anomalous
gage, TC-39, located near the left rib 41 meters down the drift from the bulkhead. Throughout
most of the test, this gage recorded temperatures about 10 'C higher than the highest of the other
49 gages. Because the temperature recorded by this gage just prior to heater activation was
consistent with the data from the rest of the gages, and because the data are not erratic in
character, it is difficult to discard the data from this gage. While the data from this gage are
considered, for now, to be reliable, they are excluded from Figure 3-20, which is a contour plot of
the drift surface temperature measured on day 179, as viewed from outside the drift looking down.
The left and right ribs of the drift are represented in this plot by angular distances from the crown
of -90° and 90°, respectively. This plot indicates that the rock temperature near the surface of the
drift is about 3 to 5 'C higher near the center of the drift than it is at the ends. The coolest part of
the drift is at the far end, where the CUP concrete liner is located. The plot also indicates that the
left rib seems to have a couple of cool spots along it.

Thermal Bulkhead

Twelve TCs are mounted on the hot side of the bulkhead at the entrance to the Heated Drift. The
temperatures recorded by these TCs are plotted as a function of time in Figure 3-21. TC-1,
located near the crown of the drift achieved the highest temperature by far, reaching a temperature
of about 103 'C by day 179. The TCs near the invert hardly warmed at all. In fact, TC3, located
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near the invert on the right side of the drift, appears to have cooled below the ambient rock
temperature of 23.5 'C. This may be related to the observation that water was emanating from
underneath the bulkhead, forming puddles on the floor on the cool side of the bulkhead. Perhaps
evaporation of this water on the warm side of the bulkhead cooled the TCs near the invert.

Figure 3-20. Temperature contour map of the drift
surface. The x at location Y = 41 meters
and 0 = -1170 indicates the location of
gage TC-39, whose data have been

40 omitted from this plot.

Longitudinal Boreholes

Four boreholes, 79, 80, 81 and 82, are collared in the
Connecting Drift and are drilled parallel to the long axis
of the Heated Drift (see Figures 2-1 and 2-2). They are
all located approximately 3.75 meters above the plane

30 of the wing heaters. The temperature data from these
boreholes on day 179 are plotted as a function of Y in
Figure 3-22. The Heated Drift extends from Y=0 to
about Y=47.5 meters.

0 :_ Boreholes 79 and 80 are -60-meter long holes located
nominally 9.5 meters on either side of the axis of the

E, drift. This places them directly over the gap in between
the two elements of the horizontal wing heaters. These

20 holes have RTDs installed within them on 1 meter
spacing. The holes were grouted after installation of the
RTDs to ensure that the temperatures accurately reflect
nearby rock temperatures.

Boreholes 81 and 82 are MPBX holes, but have TCs
installed in them out to about 35 meters past the
bulkhead. They are located approximately 7 meters on

10 either side of the drift. This places them approximately
above the center of the inner wing heater elements.

The data in Figure 3-22 show a sharp rise in
temperature across Y=0, the Y coordinate
corresponding to the location of the bulkhead. They
indicate that the temperatures above the plane of the
wing heaters ranged from about 70 to 90 'C after 179
days of heating. The data from borehole 80 extends

n _ past the end of the Heated Drift at 47.5 meters.
-120 -60 0 60 120

Angular Distance From Crown (0)
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Figure 3-22. Temperature vs. distance in boreholes 79, 80, 81 and 82, after 179 days of heating.
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the boreholes, respectively. An animated version is in CD file bh79-80.avi.
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The data from borehole 79 after 179 days of heating exhibit very different behavior than the data
from the other longitudinal holes. This is likely due to a decrease in elevation of the borehole
with increasing distance from the collar. The vertical temperature gradient above the wing heaters
is substantial due to the power output of the wing heaters, so if borehole 79 declines toward the
wing heaters, this could account for the large temperature increase observed in the borehole.
Unfortunately, the vertical position of borehole 79 in the deepest 2/3 of the hole is unknown since
the borehole survey did not extend past Y= 10 meters in the hole. The available survey data from
borehole 79 are plotted as a function of Y coordinate in Figure 3-23. The survey data indicate
that the borehole had both a downward inclination and downward curvature in the surveyed
portion of the hole. The elevation of the hole past the last survey point is unknown, but several
possible extrapolations are illustrated in Figure 3-23. Using a second-order polynomial to
extrapolate the borehole elevation leads to the prediction that the distal part of the hole would only
be about 2.5 meters above the plane of the wing heaters while the portion of the hole above the
bulkhead is known from the survey data to be almost 4 meters above the wing heaters. It is known
from other borehole data that the rock 0.25 meters above the wing heaters had reached
temperatures up to 135 'C after 179 days of heating. These considerations indicate that it is quite
plausible that the 95 'C temperature observed at the far end of borehole 79 could be due to
borehole inclination. Since extrapolation of borehole survey data is very uncertain, the data from
unsurveyed portions of boreholes 79 and 80 should not be used in evaluating the thermal behavior
of the DST. Temperature data obtained from portions of the longitudinal boreholes past the
deepest survey points are indicated in Figure 3-22 with open symbols.
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Figure 3-23. Plot of elevation above the plane of the wing heaters vs. Y coordinate for borehole
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An interesting trend has developed in these longitudinal boreholes during the last 90 days of
heating. A limited section of each hole has warmed more than the rest of the hole. The temporal
development of these sections of elevated temperature is best observed by viewing the animation
file bh79&80.avi on the CD that accompanies this report. These regions of relatively elevated
temperatures may indicate zones where convective heat transport from the hot rocks surrounding
the wing heaters is occurring.

RTD Boreholes

The remainder of the temperature data come from 26 boreholes that define five vertical cross-
sectional planes which intersect the long axis of the drift at Y= 39, 32, 23, 12 and 3 meters from the
bulkhead. The designed and as-built locations of these holes are illustrated in map and cross-section
in Figures 3-24 and 3-25. All of these temperature data come from RTD sensors grouted in boreholes
oriented radially outward from the Heated Drift. The legends of the plots in which the data from
these cross-sections are illustrated indicate the numbers and nominal inclinations of the boreholes
from which the data are derived. 00 inclination indicates a borehole drilled vertically upward into the
crown of the drift, 900 indicates a borehole drilled horizontally into the right rib of the drift (the +X
direction), 1800 is straight down, and so on. While the next five plots show the temperatures on these
cross-sections after 179 days of heating, the video files on the compact disc which accompanies this
report show how the temperatures evolved with time since heater activation.

Figure 3-26 illustrates the data from the 6 boreholes located at Y = 39 meters from the bulkhead
after 179 days of heating, plotted as a function of distance from the borehole collar. This cross-
section is located at the back of the drift in the section with the concrete liner. Very close to the
collar, the data can be separated into two groups. The three holes drilled straight up and at ±450

are about 100 warmer than the holes drilled straight down or at ±1350. This is likely related to the
thermal effect of the concrete invert. Five meters from the borehole collar, the data can again be
separated into two groups. The data from the two vertical holes are about 10'C cooler than the
four angled holes. This is likely because the angled holes are more influenced by heat from the
wing heaters than are the vertical holes. By 15 meters from the drift, the temperature is essentially
undisturbed from ambient.

Figure 3-27 illustrates the data from the two boreholes located at Y = 32 meters after 179 days of
heating. The temperatures in the hole drilled downward into the floor of the drift are consistently
cooler than the temperatures in the hole drilled upward into the crown.

Figure 3-28 illustrates the data from the eight boreholes located at Y = 23 meters, roughly the
midpoint of the length of the Heated Drift. Note that two RTDs in borehole 160, RTD-27 and
RTD-29, are believed to be reversed, and their data have been reassigned in Figure 3-26. The
most striking feature of this plot are the data from the two horizontal holes, 160 and 164. These
holes are much warmer than the vertical or angled holes because of their proximity to the wing
heaters. They are located 25 cm above the plane of the wing heaters and midway in between two
wing heaters, which are 1.8 meters apart. In these positions, they are approximately 95 cm away
from the two nearest wing heaters. The pronounced temperature highs at about 4 and 8.5 meters
from the borehole collar correspond to the positions of the two elements of the nearby wing
heaters.
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of the drift at Y= 39, 32, 23, 12 and 3 meters from the bulkhead.
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Temperature after 179 days of heating vs. distance from the borehole collar for the

six temperature boreholes located 39 meters from the bulkhead. An animated

version is in CD file section39.avi.
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Figure 3-27.
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Temperature after 179 days of heating vs. distance from the borehole collar for the

two temperature boreholes located 32 meters from the bulkhead. An animated

version is in CD file section32.avi.
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Figure 3-28. Temperature after 179 days of heating vs. distance from the borehole collar for the
eight temperature boreholes located 23 meters from the bulkhead. An animated
version is in CD file section23.avi.

Figure 3-29 illustrates the data from the eight boreholes located at Y = 12 meters after 179 days of
heating. The general pattern is similar to that of the cross-sections described above but there are
some anomalies. Borehole 140 is about 5 'C warmer than the other holes at distances of 5 meters
from the collar. This is due to the fact that while the hole was supposed to be drilled at an angle
of-1350 from the vertical, it is in fact only -130 from vertical (Figure 3-25). This means that 5
meters from the collar, the hole is about 47 cm closer to the wing heaters than it would have been
had it been drilled at the steeper angle. Given the high vertical temperature gradient near the wing
heaters, the measurements in this hole are somewhat warmer than in the other angled holes in this
cross-section, which were drilled at the steeper angle. The other anomaly in this cross-section is
borehole 142, which is oriented at + 1350. Close to the borehole collar, it is 20'C cooler than the
other boreholes. There is no explanation for this observation at this time. Note also that the
temperature profile from borehole 139 does not exhibit a temperature high in proximity to the
outer wing heater element. This is because this borehole is located in between wing heaters 6 and
7 and wing heater #7 is operating at a lower power than other outer wing heater elements. It is
also interesting that the two temperature highs in borehole 143 are at about the same temperature
despite the fact that the outer wing heater element is operating at a higher power level. This may
be due to vapor phase heat transfer inside the open wing heater boreholes.
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Figure 3-29. Temperature after 179 days of heating vs. distance from the borehole collar for the
eight temperature boreholes located 12 meters from the bulkhead. An animated
version is in CD file section] 2.avi.

Figure 3-30 illustrates the data from the two boreholes located at Y = 3 meters after 179 days of
heating. The temperatures in the hole drilled downward into the floor of the drift are slightly
cooler than the temperatures in the hole drilled upward into the crown.

To characterize the differences between the holes drilled upward into the crown and those drilled
downward into the invert, the temperature data from the 10 vertical holes are plotted in Figure 3-31.
In most cases, the holes drilled downward through the invert are about 10 'C cooler at the borehole
collar than those drilled upward into the crown. Two anomalous holes stand out on this plot.

Borehole 134, drilled downward into the invert 3 meters from the bulkhead, is 10 'C cooler than
the other downwardly directed holes, and borehole 168, drilled up into the crown 32 meters from
the bulkhead is some 5 to 10 'C warmer than other, similarly positioned holes

In the six preceding plots, temperature has been plotted as a function of distance from the
borehole collar. In Figure 3-32, the temperature in the ten vertical boreholes is plotted as a
function of radial distance from the axis of the drift. When considered in this frame of reference,
the temperatures above the drift are substantially warmer than those below the drift. This is due
to the existence of the concrete invert, which places the collars of the downwardly directed holes
1.2 meters closer to the axis of the drift than the collars of the upwardly directed holes. In
essence, the concrete invert is insulating the rock below the drift from the canister heaters in the
drift.
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Figure 3-32. Temperature after 179 days of heating vs. radial distance from the axis of the

Heated Drift for the ten vertical temperature boreholes.

The most interesting temperature data obtained through the 179th day of heating come from the

four horizontal RTD holes: 139, 143, 160 and 164. The next four plots, Figures 3-33 through

3-36, illustrate the data from these holes in two different ways. In part (a) of each figure, the

temperature is plotted as a function distance from the borehole collar, with a curve for every 10

days since the start of heating. In part (b) of each plot, the temperature of every other temperature

sensor in the hole is plotted as a function of time. There are animated versions of the part (a)

portion of these plots on the compact disc that accompanies this report.

In the plots of temperature vs. distance from the borehole collar, the temperature distributions at

early times are characterized by two temperature highs centered over the two elements of the wing

heaters which are less than 1 meter away from these holes. In general, the outer highs are warmer

than the inner ones since the outer wing heaters are operating at higher power than the inner wing

heaters. What is most interesting is that the magnitude of the highs diminishes as the boiling

point is approached. The temperature distributions are generally quite flat after about 90 days of

heating when the temperatures have reached the boiling point of water. This effect is also evident

in the temperature vs. time plots, which exhibit noticeable isothermal time intervals after about 90

days of heating. These effects are likely due to boiling of the water in the pores of the rock. As

the water near a given temperature sensor boiled, all the thermal energy entering the rock was

consumed by the boiling process and none contributed to raising the temperature of the rock.

This was true as long as water and steam coexisted in the pores of the rock. After all the water

had boiled off, the temperature of the rock began to increase again.
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(a) Temperature every 10 days vs. distance from the borehole collar and
(b) temperature of every other temperature gage vs. time for borehole 139.
Temperature decrease experienced by some sensors on day 79 is due to reduction
in power supplied to wing heater #7, which is very close to borehole 139. An
animated version of (a) is in CD file bh]39.avi.
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Figure 3-34. (a) Temperature every 10 days vs. distance from the borehole collar and

(b) temperature of every other temperature gage vs. time for borehole 143. An
animated version of (a) is in CD file bh143.avi.
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